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Preface

Despite being frequently diagnosed by human gynecologists, andrologists, and even veterinary
gynecologists, genital tract infections didn't gain enough interest in the context of infertility di-
agnosis and management. This book will focus on the impact of genital tract infections on hu-
man and veterinary fertility. It is divided into four sections, namely female genital infections,
male genital infections, specific microorganisms causing genital infections, and veterinary geni-
tal infections.

Section 1 starts with an overview on the relationship between infection and infertility. This chap-
ter is followed by discussing the hidden as well as overt female genital tract infections in cases
with unexplained infertility. More intensive evaluation of the role of chronic endometritis is ad-
dressed in a separate chapter. If the woman becomes pregnant, description of causes and man-
agement of abnormal vaginal discharge are described in the last chapter of this section.

Section 2 highlights the relationship of male genital tract infections and infertility. The first
chapter overviews different male genital tract infections that may cause infertility. The second
chapter discusses decreased sperm quality as a result of some genital infections. The last chap-
ter explains definite correlation between infections and male infertility.

Section 3 covers some important issues regarding the common microorganisms that may be im-
plicated in infertility induction or that may result from invasive infertility diagnosis and treat-
ment procedures. You will enjoy reading separate chapters on yeast infections, human
immunodeficiency virus (HIV) infection, staphylococcal infection, and Chlamydia trachomatis in-
fections. The recent interest in microbiome and infertility is demonstrated in one chapter. The last
chapter of this section addresses the genetic influence on infections and risk of infertility.

Incorporation of a special section (4) on the impact of some genital infections on the fertility in
males and the association of pregnancy loss with these infections is an interesting positive point
of this book. It sends a message to all health-interested physicians that genital infections should
be put in mind during evaluation of infertility or recurrent pregnancy loss even in animals.

By this way, the current book puts an updated overview on the impact of genital tract infec-
tions on fertility in women, men, and animals. Infertility specialists should promptly manage
genital tract infections before proceeding to more sophisticated intensive investigations. Lastly,
proper infection control principles should be kept in mind all the time to avoid introducing
infection to infertility cases.

Atef M. Darwish

Department of Obstetrics and Gynecology,
Woman's Health University Hospital,
Faculty of Medicine,

Assiut University, Egypt
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Chapter 1

Infection and Infertility

Rutvij Dalal

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/64168

Abstract

About 1/3* of all women diagnosed with subfertility have a tubo-peritoneal factor contri-
buting to their condition. Most of these alterations in tubo-ovarian function come from
post-inflammatory damage inflicted after a pelvic or sexually transmitted infection. Sal-
pingitis occurs in an estimated 15% of reproductive-age women, and 2.5% of all women
become infertile as a result of salpingitis by age 35. Predominant organisms today include
those from the Chamydia species and the infection causes minimal to no symptoms —
leading to chronic infection and consequently more damage. Again, a large proportion of
patients suffering from pelvic infection contributing to their subfertility are undiagnosed
to be having an infection. Chronic inflammation of the cervix and endometrium, altera-
tions in reproductive tract secretions, induction of immune mediators that interfere with
gamete or embryo physiology, and structural disorders such as intrauterine synechiae all
contribute to female infertility. Infection is also a major factor in male subfertility, second
only to abnormal semen parameters. Epididymal or ductal obstruction, testicular damage
from orchitis, development of anti-sperm antibodies, etc are all possible mechanisms by
which infection can affect male fertility.

Keywords: Infertility, Infection, pelvic inflammatory disease, salpingitis, epididymo-or-
chitis, antisperm antibodies

1. Introduction

The association between infection and infertility has been long known. Of all causes of female
Infertility, tubal or peritoneal factors amount to about 30-40. The infections that lead to
asymptomatic infections are more damaging as lack of symptoms prevents a patient from
seeking timely medical intervention and consequently chronic damage to pelvic organs.
Indeed, timely management of sexually transmitted or other infections goes a long way in
preventing damage, disability, chronic pelvic pain, altered tubo-ovarian relationship and
consequently helps in maintaining fertility.

I m EC H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited. (e NN
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Tubal and peritoneal pathology is among the most common causes of infertility and the
primary diagnosis in approximately 30-35% of infertile couples. A history of pelvic inflam-
matory disease (PID), septic abortion, ruptured appendix, tubal surgery, or ectopic pregnancy
suggests the possibility of tubal damage. PID is unquestionably the major cause of tubal factor
infertility and ectopic pregnancies. Classic studies in women with PID diagnosed by laparo-
scopy have revealed that the risk of subsequent tubal infertility increases with the number and
severity of pelvic infections; overall, the incidence is approximately 10-12% after one episode,
23-35% after two, and 54-75% after three episodes of acute PID.[1] The most frequent causes
for pelvic infections are sexually transmitted pathogens and intrauterine manipulations like
curettage, evacuation, etc.

2. Epidemiology

Approximately 35% of women with an infertility problem are afflicted with post-inflammatory
changes of the oviduct or surrounding peritoneum that interfere with tubo-ovarian function.
Most of these alterations result from infection. Salpingitis occurs in an estimated 15% of
reproductive-age women, and 2.5% of all women become infertile as a result of salpingitis by
age 35.[2] Because in most cases, especially those caused by Chlamydia trachomatis, signs and
symptoms are often minimal or non-existent, the actual percentage of women with upper
genital tract infections is probably underestimated.

Unfortunately, the impact of infectious sequelae on human reproduction continues to increase
as a consequence of sexual promiscuity and the popularity of non-barrier methods of contra-
ception. C. frachomatis and gonorrheal infections, as well as mixed anaerobic infections, are the
most prevalent causes of upper genital tract infections resulting in pelvic inflammatory disease
(PID). Bacterial vaginosis, Trichomonas vaginalis, and Candida albicans are the most prevalent
bacterial, protozoan, and fungal causes of lower genital tract infections. Although gonorrheal
infections have been on the decline in the last decade, chlamydial infections of the male and
female genital tract continue to be an increasing problem, and C. trachomatis is the major cause
of tubal factor infertility.[3] C. trachomatis is usually recovered three to five times more
frequently than Neisseria gonorrhoeae from the reproductive tracts of infected individuals.

Women are twice as likely as men to acquire gonorrhea or Chlamydia during a single act of
unprotected intercourse with an infected partner. Many newly infected women have no
symptoms and so do not seek medical intervention and continue to spread the infection to
other sexual partners. An estimated 10% to 20% of untreated women with endocervical
gonorrhea or chlamydial infection eventually develop salpingitis.[4] Scholes et al[5] recom-
mended routine testing of sexually active women to prevent sequelae like pelvic inflammatory
disease and consequently infertility. Despite the current focus on sexually transmitted diseases
(STDs), infertility may also follow blood-borne infections such as tuberculosis, mixed aerobic
and anaerobic infections of other pelvic sites, inflammatory complications of surgical trauma,
post-abortal and puerperal sepsis, and appendicular rupture.
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3. Infections and male infertility

Acute and chronic genital tract infections are well-known causes of infertility in men (Table
1). Episodes of acute orchitis or epididymitis may result in permanent damage to the testis or
to obstruction in the efferent ejaculatory ducts. C. trachomatis causes approximately 50% of
epididymitis in sexually active men under age 35. Unilateral epididymal obstruction is seldom
diagnosed, and its effect on fertility is largely unknown. However, 80% of men with unilateral
ductal obstruction have antibodies to sperm, a potential cause of male infertility.[6] Appro-
priate assessment of a semen sample including tests like presence of seminal Fructose, neutral
alpha-glucosidase and pH go a long way in differentiating between obstructive and non-
obstructive azoospermia.

Orchitis mumps, tuberculosis, syphilis, pancreatitis

gonorrhea, tuberculosis, chlamydiae, ureaplasmas, Pseudomonas, coliform, and other bacterial

Epididymitis ) )

infections
Seminal vesiculitis tuberculosis, trichomoniasis, other bacteria
Urethritis gonorrhea, chlamydiae, ureaplasmas, trichomoniasis

Table 1. Male Genital Tract Infections That May Cause Infertility

Most men do not develop antibodies to their own spermatozoa because the male genital tract
is essentially a closed tube, and sperm are isolated from the immune system. Genital tract
infections, even those without symptoms, can weaken this barrier, leading to sperm leakage
and the influx of immunologically competent cells. Genital tract infections are a major cause
of anti-sperm antibody formation in men.[7] Similarly, genital tract infections and anti-sperm
antibody formation in men can lead to immune-mediated infertility in women.[8]

Mumps orchitis is a well-known testicular infection resulting in damage to the germinal
epithelium. Systemic infections, whether bacterial or viral, may also cause depression of sperm
production for variable periods. Between 2 and 6 months may be required for normal seminal
cytology to reappear after a severe febrile illness. Urethral stricture is an occasional compli-
cation of untreated gonorrhea. Although the stricture does not in itself interfere with sperm
motility, it may cause recurring urinary tract infection or prostatitis and epididymitis.

The fertility of a couple may be impaired if the man has a chronic bacterial prostatitis. Chronic
prostatitis is presumed to be caused by a pathogenic organism and in most cases is associated
with leukocytes in the semen. The prevalence of leukocytospermia among male infertility
patients is about 10% to 20%. Although the exact role of WBCs in semen and its importance
with respect to fertility is not clearly elucidated, there is some evidence that treating such
patients with long term antibiotics does have a favourable impact on the semen parameters.[9]
According to a study the presence in semen of counts more than 10,000 colony-forming units/
ml had a negative effect on IVF pregnancy rates when E. coli, Proteus, or S. aureus organisms
were isolated.[10] Again, there is some evidence that the occurrence of leucocytes in semen
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yields abnormal sperm function tests, possibly because of the damaging effects of free radicles
of WBCs to the sperms in their journey through the epididymis.[11] There is also substantial
evidence that infection contributes to the development of sperm antibodies. Sperm antibodies
have been detected in 48% of men with culture-positive asymptomatic infections, 47% of men
with a history of urethritis or prostatitis, and in only 5% of men with no infection and a normal
semen analysis.

The presence of IgA antibodies was associated with reduced fertility.[12] High concentrations
of sperm antibodies can interfere with fertility by several mechanisms. Antibodies on sperm
heads or tails may cause sperm to agglutinate. Tail-bound antibodies also interfere with sperm
motility. Antibodies anywhere on spermatozoa can lead to sperm phagocytosis through
binding to Fc or complement receptors on phagocytic cells. Similarly, antibody-bound sperm
react with cervical mucus leading to sperm immobilization and expulsion from the female
genital tract. Antibodies on sperm can interfere with sperm binding and penetration of the
oocyte.[13] Similar to the situation in women, C. frachomatis infection of the male genital tract
is often asymptomatic and therefore may persist for a long time. One study using PCR analysis
of semen specimens suggested that an asymptomatic unsuspected C. trachomatis male genital
tract infection may be the cause of previously unexplained infertility.[14] In response to a
persistent asymptomatic chlamydial infection and HSP60 production, Yo T cells may be
induced in the male genital tract; y0 T cells are capable of releasing proinflammatory cytokines
and could therefore initiate an antisperm immune response within the genital tract.

4. Infections and female infertility

4.1. Pelvic inflammatory disease

PID is a common but vaguely defined complex of signs and symptoms resulting from the
spread of pathogenic microorganisms from the vagina and endocervix to the uterus, body of
the endometrium, and fallopian tubes. PID can also follow aseptic induced abortion or as a
post-partum infection. C.Trachomatis salpingitis can be seen in as many as 15% patients who
undergo an induced abortion. PID has reached epidemic proportions and according to the
CDC, the cost of PID measured in lost earnings and money spent for health services was
estimated at $4.2 billion in 1990.[15] According to a Swedish study[16] tubal infertility occurs
in approximately 11% of women who have one episode, in 23% of women who have two
episodes, and in 54% of women who have three or more episodes of salpingitis. (Table 2)

As could be seen from Table 2, they found that tubal infertility is directly related to a number
of factors present during the initial episode of salpingitis, which include (besides the number
of episodes) the initial severity of tubal inflammation, the organisms responsible, and the
occurrence of a subsequent ectopic pregnancy. The best predictor of subsequent infertility is
the degree of tubal inflammation observed through the laparoscope during the acute phase.
Womenwith apelvicabscesshave had the highest (85% to 90%) rate of subsequent infertility.[17]
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Clinical Findings Tubal Occlusion

Degree of acute inflammation at laparoscopy*

Mild 6%
Moderate 13%
Severe 30%

Number of episodes of salpingitis*

One 11%
Two 23%
Three or more 54%
Type of salpingitist

Gonococcal 9%
Nongonococccal 16%

* Westrom L: Incidence, prevalence and trends of acute pelvic inflammatory disease and
the consequences of industrialized countries. Am ] ObstetGynecol 135:880, 1980.

1 Westrom L: Effects of acute pelvic inflammatory disease on infertility. Am J ObstetGy-
necol 121:707, 1975

Table 2. Factors Influencing the Frequency of Tubal Occlusion after Salpingitis

Prompt recognition and vigorous treatment reduce subsequent severe complications of
salpingo-oophoritis, such as generalized pelvic peritonitis, abscess formation, and adnexal
destruction. However, many patients of PID are often asymptomatic. Approximately 60% to
80% of women with acute salpingitis have a normal temperature or no white blood cell
elevation. This finding correlates with the observation that most women with tubal infertility
have never been treated for a recognized episode of salpingitis. Epidemiologic studies support
the concept of silent PID wherein a strong link exists between serum antibodies to C. tracho-
matis and tubal factor infertility or ectopic pregnancy in patients without a history of clinical
PID.[18]

4.1.1. Treatment strategies

Prompt treatment is the key in adequate eradication of the responsible organism(s) and
preventing long term sequelae like hydrosalpinx, infertility, ectopic pregnancy, and chronic
pelvic pain. If the patients with mild symptoms had only cervicitis or endometritis and not
salpingitis, prompt treatment before the onset of salpingitis would have a major impact on
preventing tubal occlusion. Failure to use doxycycline or azithromycin to inhibit C. trachoma-
tis may contribute to chronic salpingitis.[19] Approximately one half of the women with an
ectopic pregnancy have grossly visible tubal damage or a partial occlusion of the tubes. About
7% to 10% of pregnancies that occur after an episode of salpingitis are in an ectopic location,
and women with salpingitis have a 10-fold higher rate of ectopic pregnancy than does the
general population. Approximately 40% of women who have had an ectopic pregnancy are
not able to achieve an intrauterine pregnancy subsequently.[20]
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4.1.2. PID and HIV

A population-based study of fertility in women with human immunodeficiency virus type 1
(HIV-1) infection in Uganda demonstrated that fertility is greatly reduced in HIV-1-infected
women because of a lower rate of conception and increased rates of miscarriage and stillbirth.
Numerous epidemiologic studies have demonstrated that there is a synergy among bacterial
and viral STDs. Bacterial STDs have been implicated in the enhancement of HIV transmission.
Conversely, the immunosuppression caused by HIV worsens the clinical course of other STDs.
The low prevalence and incidence of pregnancy among HIV-infected women could reflect pre-
existing tubal factor infertility and higher clinical and subclinical fetal losses resulting from
HIV-1 infection.[21]

Pelvic inflammatory disease that is non-tubercular in origin can be divided into gonococcal,
chlamydial, and nongonococcal-nonchlamydial disease based on the results of endocervical
or peritoneal fluid cultures.

4.2. Gonococcal infection

Gonococcal PID still a major cause of infertility in women in developing Asian and African
countries.[22] The bacterium N. Gonorrhea (Figure 1) elicits a pyogenic, inflammatory reaction
characterised by purulent exudates. As the organisms replicate, the ensuing local tissue
damage diminishes the oxidation-reduction potential of the environment - this explains why
it is common to discover co-existing pathogens.The recovery of N. gonorrhoeae from tubal or
peritoneal fluid in acute salpingitis patients with endocervical gonorrhea ranges from 6% to
70%. Approximately one third of patients have N. gonorrhoeae as a sole isolate, one third have
N. gonorrhoeae plus a mixture of aerobic and anaerobic bacteria, and one third have a mixture
of aerobic and anaerobic bacteria in the cul-de-sac only.[23]

Figure 1. Neisseria Gonorrhea bacteria
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N. gonorrhoeae secretes a toxin that can destroy cilia of adjacent cells in the tubal epithelium.
Not only is the organism difficult to isolate from pus, but the recovery of N. gonorrhoeaedepends
on the stage of infection. The gonococcus is most frequently isolated within 2 days of the onset
of symptoms and is rarely isolated if symptoms are present for 7 or more days.[24] Most
symptomatic gonococcal PID cases have their onset during or just after the menses. These
observations are consistent with the view that the gonococcus initiates the infection and, if the
infection is not promptly treated, sets the stage for a mixed aerobic-anaerobic infection,
involving pathogens that originate in the cervix and vagina.

4.3. Chlamydial infection

C. trachomatis is an intracellular bacterium that proliferates in columnar epithelial cells, where
it remains protected from host immune defences by a cell membrane. It takes a longer time for
C. trachomatis to divide (24 to 48 hours) than for classic bacteria (1 to 4 hours). There is a
characteristically long time between infection and the onset of symptoms among women with
C. trachomatis, and only mild symptoms usually occur. Widespread or systemic symptoms are
unusual, although infection of the endosalpinx can produce generalized peritonitis by
contiguous spread, including perihepatitis (Fitz-Hugh-Curtis syndrome).

Chlamydia appears to be a particularly important organism in infertility. There are multiple
published reports in which women with tubal infertility have a 25% to 70% higher incidence
of C. trachomatis antibody than do infertile women with normal tubes.[25] In many developed
countries, C. trachomatis infections are now clearly the leading cause of tubal infertility. C.
trachomatis causes the same spectrum of disease (e.g. urethritis, cervicitis, endometritis,
salpingitis) as the gonococcus. C. trachomatis causes salpingitis more frequently than the
gonococcus. Also, the degree of acute tubal damage among women with chlamydial infection
equals or exceeds that observed with gonococcal infection. Women with chlamydial infection
may have gonorrhea and vice versa.

C. trachomatis is inhibited in vitro by doxycycline and azithromycin but not by cephalosporins.
Women with salpingitis should be treated with tetracyclines or other antibiotics that inhibit
C. trachomatis, because cephalosporin therapy alone does not eradicate C. trachomatis.[26] Lack
of symptoms ensures that the undetected C. trachomatis are able to ascend from the lower to
the upper genital tract, evade the host's immune response and persist for long periods of time.

Figure 2 shows the life cycle of Chlamydia infection. Extracellular C. trachomatis elementary
bodies (EB) infect epithelial cells. Within the cell, the EBs convert to reticulate bodies (RB),
which replicate by binary fission. The RBs then convert back to EBs that are released from the
cell and infect other epithelial cells. The presence of extracellular EBs activates the host's
immune response, and interferon-vy is released. The interferon blocks RB replication, resulting
in the formation of large, aberrant RBs. However, the RBs remain viable, and when the
extracellular infection is cleared and interferon-y is no longer present, normal RB replication
resumes. These repeated cycles of replication and immune activation followed by chlamydial
persistence in epithelial cells of the fallopian tube eventually lead to scar formation and tubal
occlusion.[27] As has been already discussed, Witkin and co-workers found that women
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Figure 2. Effect of interferon-y on the life cycle of Chlamydia trachomatis.

previously infected with chlamydia — detected by circulating systemic humoral immunity to
HSP 60 had unfavourable outcomes with IVF.[18]

4.4. Nongonococcal-nonchlamydial infection

Approximately 1/4" of women with PID have a nongonococcal-nonchlamydial cause.[28]
Patients with nongonococcal PID have the onset of pain distributed evenly throughout the
cycle and less frequently associated with menses. There is less fever, vaginal discharge, and
liver tenderness than with gonococcal PID. Despite these differences, the clinical presentation
does not adequately distinguish between the two, and reliance on culture is necessary. There
may be a critical number of organisms needed to breach the normally present protective host
defence mechanisms and lead to infection. There is probably a continuum from bacterial
vaginosis to endometritis and salpingitis, because women with bacterial vaginosis are
significantly more likely to be diagnosed with PID.[29] The substantial isolation rate of bacteria
other than gonococci or C. trachomatis from tubal fluid of these PID patients has shown that
bacterial vaginosis organisms can cause acute salpingitis without antecedent chlamydial or
gonococcal infection. Peritoneal or tubal cultures have yielded a mixed aerobic and anaerobic
flora in 35% to 50% of patients, anaerobes alone in 15%, and aerobes alone in approximately
30% to 40% of patients. Between 4% and 17% of women with PID have had M. hominis, and
2% to 20%, have had U. urealyticum recovered from the fallopian tubes.[30]

4.5. Genital mycoplasmas and unexplained infertility

Mycoplasmas share characteristics of bacteria (they reproduce on cell-free media) and viruses
(they have no cell wall and are 100 to 300 um in diameter). Two species of mycoplasmas have
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been commonly isolated from the female and male reproductive tracts: M. hominis and the
heterogeneous group known collectively as T mycoplasma (so named for their characteristic
“tiny” colonies). A distinctive property of the T strains is their ability to hydrolyze urea, and
they have been named U. urealyticum. A third species, Mycoplasma genitalium has been isolated
from the urethra of men and is believed to be a cause of urethritis.

Genital mycoplasmas may be of etiologic importance in nonspecific urethritis, cervicitis, and
vaginitis; some cases of acute salpingitis; fever after abortions; chorioamnionitis; and puerperal
infections. However, the causal role of genital mycoplasmas in infertility is still unresolved.

4.6. Genital tuberculosis

Tuberculosis continues to be endemic in many poor parts of the world like Latin America and
Asia. The incidence of pelvic tuberculosis is difficult to assess as many patients are asympto-
matic, therefore the disease often comes to light only incidentally during the course of
investigation for a gynecological complaint. Schaefer[31] as early asin 1976 reported that 4-12%
of women dying from pulmonary tuberculosis manifest evidence of genital involvement. He
further mentioned that 5-10% of infertile women suffer from tuberculosis. The incidence of
tuberculosis amongst women with infertility is believed to be higher in the third world
countries.

The causative agent is Mycobacterium tuberculosis (95%) but in 5% cases it is Mycobacterium
bovis. Genital tuberculosis almost always occurs secondary to a primary focus elsewhere, the
commonest site being the lungs, but rarely from the kidneys, joints, GIT or as a part of a
generalized military infection. The mode of spread is hematogenous or lymphatic and rarely
from direct contiguity with an intra-abdominal organ or affected peritoneum. The fallopian
tubes are affected first followed by subsequent dissemination to other genital organs - this
explains the bilateral tendency of the disease. Primary genital tuberculosis is rare and possibly
originates from the semen or saliva of a positive sexual partner. Tuberculosis of the cervix is
present in about 5% of cases.

The leading presenting complaints in women suffering from genital tuberculosis include
infertility, menstrual problems, abdominal pain, vaginal discharge and rarely genital fistulas
or mass per abdomen. Sometimes general symptoms of low grade temperature, weight loss
and fatigue may raise the suspicion of hitherto unsuspected tuberculosis. Classis feature is
failure of fever to subside in spite of broad spectrum antibiotics. Therefore, a clinical course
that is refractory to antibiotic therapy for the usual pelvic inflammatory disease should alert
the physician to the possibility of tuberculosis. Pelvic examination may reveal findings like
thickened adnexa which may be tender. However it may be completely normal.

Infertility is an important presenting symptom. In fact in 35-60% cases it is the only complaint.
About 75% present with primary infertility and 25% give history of previous conception. These
patients may or may not give a history of contact with a person suffering from pulmonary
tuberculosis.

Diagnosing tuberculosis still remains a challenge. This is due to a wide variety of clinical
presentation and lack of diagnostic tests with a good positive predictive and negative predic-
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tive value. A single, reliable, convenient, economical test that has a good degree of sensitivity
and specificity is yet to be discovered. Diagnosis still remains subjective, and is done usually
at the time of laparoscopy done for evaluating infertility or chronic pelvic pain. Pathognomic
sign of appearance of small tubercles all over the peritoneum that represent caseating granu-
lomas is seen only rarely. Other findings include appearance of tubo-ovarian masses with
varying degree of intra-pelvic adhesions, bead like growths or rigid lead-pipe appearance of
fallopian tubes, hydrosalpingx and military white tubercles on the serosa of the uterus.
Samples can be taken for acid-fast bacilli staining (Figure 3) or culture. However both methods
have low sensitivity. Polymerase chain reaction is highly sensitive, but may yield false
positives due to contamination of sample from air or water contaminants. Mantoux test has
limited utility now.

Figure 3. Typical tubercular lesion in histo-pathology

4.6.1. Treatment of tuberculosis

Extra pulmonary tuberculosis usually requires 8 to 10 months of continuous treatment
particularly in developing countries to prevent emergence of multi-drug resistant tuberculosis,
which is very common if treatment is given for a short period and stopped. Also, premature
discontinuation of treatment may render the organisms resistant and lead to re-emergence of
infection with much more severity. The therapeutic phase is divided into an intensive phase
of about 2 to 4 months and continuation phase of 4 to 6 months. The two drugs used throughout
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the treatment period are usually rifampicin (10 mg/kg/day, not exceeding 600 mg/d) and
isoniazid (5 mg/kg/day not exceeding 300 mg). In the past the third drug used during the initial
2-4 months was Ethambutol (5-25 mg/kg/day not to exceed 2.5 gm/day) but now pyrazinamide
(15-30 mg/kg/day, not to exceed 2.5 gm/day) is preferred because it does not have the ocular
toxicity which is seen with ethambutol. Rifampicin is safe in pregnancy.[32] Most of these
drugs are hepatotoxic and have various side effects, these have to be watched for. Surgery for
the management of tuberculosis is not preferred, and reserved for special situations like
persistence of an adnexal mass in spite of anti-tubercular treatment or irresponsiveness of the
infection to anti-tubercular therapy.

5. Pathogenesis of PID

In gonococcal and chlamydial salpingitis, the microorganisms ascend by surface extension
from the lower genital tract through the cervical canal by way of the endometrium to the
fallopian tubes (Figure 4A). There can be adhesion of the mucosal folds, destruction of cilia,
occlusion of the infundibulum, and production of a pyosalpinx. The gonococcal infection may
spread beyond the endosalpinx, with possible focal abscess formation and perisalpingitis. In
some cases of nongonococcal salpingitis, particularly with M. hominis,[33] the pathogens may
enter through lesions in the cervix or endometrium and spread to the parametria and tubes
through lymphatics and blood vessels (Fig. 4B). The inflammatory swelling that affects the
parametria and the tubes is more pronounced than in gonococcal salpingitis, but the endosal-
pinx is usually intact.

Figure 4. Pathogenesis of pelvic inflammatory disease: Schematic drawings of pathways by which genital tract infec-
tions spread. A. Direct spread by extension along luminal surfaces is characteristic of gonococcal and chlamydial infec-
tion. B. Nongonococcal bacterial and genital mycoplasma infections probably spread to the parametria and fallopian
tubes primarily through lymphatics and blood vessels.
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The sequelae of PID that are responsible for infertility include chronic interstitial salpingitis,
hydrosalpinx, salpingitis isthmicanodosa, and periadnexal adhesions. Infertility may also
occur because of abnormal secretory, ciliary, and peristaltic function of the fallopian tube. The
postulated interrelationships of STDs and endogenous organisms in the pathogenesis of tubal
infertility secondary to PID are depicted in Figure 5.[34]

Endogenous
(polymicrobial)
flora

Abaortion, D&C,
Initiation of Compromised IUD insertion,
tubal damage host resistance other gynecologic
procedures
<>
[ | | |
Restoration of Tubal Tubal Pelvic Pelvic
normal deciliation occlusion adhesions abscess
anatomy

Figure 5. Postulated interactions of sexually transmitted microorganisms with endogenous lower genital tract micro-
flora in the pathogenesis of pelvic inflammatory disease and tubal factor infertility.(Adapted from Sweet RL, Gibbs RS:
Infectious Diseases of the Female Genital Tract, p 399. 3rd ed. Baltimore: Williams & Wilkins, 1995.)

6. Treatment of PID

There is controversy over the issue of outpatient versus inpatient treatment of patients with
acute salpingitis. For economic and logistical reasons, most women are treated on an outpatient
basis. The decision for hospitalization is usually based on the clinical severity of the illness,
although criteria vary. It seems reasonable to treat major pathogens such as N. gonorrhoeae and
C. trachomatis in every patient. An antibiotic regimen that takes into account the polymicrobial
nature of the cause of acute salpingitis must be used. However, after treatment with different
antibiotics, similar infertility rates have been found.[35] Women treated after 3 or more days
of symptoms had significantly more infertility than those treated earlier.[36] Better recognition
and treatment of cervicitis and endometritis before salpingitis develops is even more important
in the prevention of infertility than the treatment of salpingitis per se. Recommended treatment
schedules for uncomplicated salpingitis are shown as below:
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For acute salpingitis
Parenteral Regimen A
Cefotetan 2 g, IV every 12 hours,
or
Cefoxitin, 2 g, IV every 6 hours,
plus
Doxycycline, 100 mg, IV or orally every 12 hours
Parenteral Regimen B
Clindamycin, 900 mg, IV every 8 hours,
plus

Gentamicin loading dose IV or IM (2 mg/kg of body weight), followed by a maintenance dose
(1.5 mg/kg) every 8 hours. Single daily dosing may be substituted.

Regimen A

Ofloxacin, 400 mg, orally twice each day for 14 days,

plus

Metronidazole, 500 mg, orally twice each day for 14 days.

Regimen B

Ceftriaxone, 250 mg, IM once,

or

Cefoxitin, 2 g, IM plus Probenecid, 1 g, orally in a single dose concurrently
once,

or

Other parenteral third-generation cephalosporin (e.g., ceftizoxime, cefotaxime),
plus

Doxycycline, 100 mg, orally twice each day for 14 days. (Include this regimen with one of the
above regimens.)

(Centers for Disease Control and Prevention: 1998 Guidelines for treatment of sexually
transmitted diseases. MMWR Morb Mortal Wkly Rep 1998;47(RR1):82-82.)

Patients with suspected abscesses or severe illness that may indicate the presence of organisms
other than gonococci or chlamydiae should be hospitalized. Recommended treatment regi-
mens inhibit not only N. gonorrhoeae and C. trachomatis but also a wide variety of aerobic and
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anaerobic bacteria. For instance, parenteral clindamycin is effective against C. trachomatis and
anaerobes.

The concomitant use of steroids with antibiotics has been thought to reduce the sequelae of
salpingitis, but in a prospective study, Falk [77] could show no beneficial effect as judged by
hysterosalpingography findings or subsequent laparotomy. Prevention of PID recurrence and
its adverse effects on fertility also requires treatment of asymptomatic male sexual partners.In
patients with postinflammatory tubal disease, pregnancy outcome has been correlated with
the presence or absence of fallopian tube rugaeon hysterosalpingograms. Pregnancy occurred
in 61% of patients with moderate to excellent rugal patterns, whereas only 7% of patients with
no demonstrable rugae conceived postoperatively.[38]

Today and in the foreseeable future, assisted reproductive technologies (ART), endoscopic
surgery, and microsurgery have an important place in the management of infertility that
results from tubal disease. There are some tubal causes of infertility for which surgery can offer
little or no chance of success, such as after severe bilateral hydrosalpinx, multisite tubal
obstruction, or in patients with extensive and dense pelvic adhesions. At the other end of the
spectrum are patients who can achieve a 50% to 65% intrauterine pregnancy rate after
microsurgical or laparoscopic adhesiolysis when the fimbriae are spared from disease and a
male factor is not encountered.[39] In choosing between IVF and tubal surgery, the physician
must compare success rates (which can are best defined by the birth of a live baby) and take
into account the patient's age, presence of a male subfertility factor, the personal priorities of
the couple, and the availability of expertise.

7. Early treatment and fertility preservation

The best prevention is to detect and treat early-stage asymptomatic and symptomatic infec-
tions. This can be achieved by the screening of all sexually active reproductive age women and
by educating clinicians and patients on the importance of this testing. The importance of
practicing safe sex methods cannot be over emphasized in public. Scholes et al found a 60%
reduction in salpingitis prevalence rates when the population was screened for C.trachomatis
infections compared to when they were not.>

With the advent of modern DNA amplification tests like Polymerase Chain Reaction (PCR)
available very sensitive and specific testing on microbes can be done in a matter of hours. This
obviates the need of many organisms as is the case with conventional cultures. Also, the newer
tests are also more specific yielding a higher positive predictive value thus avoiding unnec-
essary treatments. Microbes like C. trachomatis[40], T. vaginalis[41], and N. gonorrhoeae[42] can
be detected in samples obtained from the vaginal introitus, and there isno longer a requirement
for a speculum examination. There have been efforts to make chlamydial and gonococcal
vaccines, but not met much success.
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8. Conclusion

The best hope for reducing the incidence of infertility related to infection lies in prevention
and early detection and treatment of newly acquired asymptomatic or mildly symptomatic
infections. The importance for the preservation of future fertility of avoiding high-risk sexual
behaviour and the mandatory use of condoms must be stressed. Concomitantly, there must
be an increased awareness by health care providers and consumers of the need for intensive
screening using the latest and most effective molecular techniques followed by early effective
treatment if positive.
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Abstract

Female genital tract infections represents a real challenge for the gynecologists. The exact
role of these infections in infertility induction is not clear. The impact of uterine infections
on implantation is not clearly defined. This chapter will discuss the implication of overt
as well as hidden genital tract infection among women with unexplained infertility.
Whether these infections cause infertility or induced by infertility diagnostic as well as
therapeutic procedures will be addressed. In short, this chapter will attract attention of
gynecologists to put the possibility of genital tract infections in every case of infertility
particularly cases with unexplained infertility.

Keywords: Unexplained infertility, hidden infections, manifest infections, hysteroscopy,
laparoscopy

1. Introduction

1.1. What's unexplained infertility (UI)?

Current definitions of infertility lack uniformity, rendering comparisons in prevalence
between countries or over time difficult and inconclusive. The absence of an agreed definitions
compromises clinical management and undermines the impact of research findings [1].
Idiopathic or unexplained infertility (UI) term is used whenever the cause remains unclear
even after basic infertility work-up which usually includes semen analysis, detection of
ovulation and fallopian tubal patency testing. The current diagnostic tools for intrauterine
causes of infertility include transvaginal ultrasonograogy, hysterosalpingography (HSG) or
saline infusion sonography (SIS) [2]. The levels of investigations to explain infertility are
insufficient and require more intensive evaluation. In a previous open access free book chapter
published by InTech [3], many explanations of UI utilizing endoscopic evaluation that were
missed by many organizations were demonstrated.

I m EC H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,

open science | open minds and reproduction in any medium, provided the original work is properly cited. [&)sy ]
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2. Position of genital tract infections in infertility work-up

International societies didn't include infections as a definite cause of infertility. Practically,
local gynecologic examination should be an essential routine step in infertility evaluation. Both
speculum and bimanual examinations can detect or suspect a wide variety of lower or upper
genital tract infections. With the extensive routine use of transvaginal ultrasonography (TVS)
in all gynecologic clinics, unfortunately many gynecologists miss the five basic steps of
gynecologic examination which can detect definite infertility causes (inspection of the external
genitalia, palpation of the external genitalia, palpation of the vaginal walls and fornices,
bimanual examination and vaginal speculum examination). Moreover, many women don't
prefer local gynecologic examination due to fear or inconvenience. Gynecologic examination
is a cheap valuable basic step that should not be ignored. Moreover, local examination can
detect many vaginal and cervical disorders. For instance, some congenital anomalies like
transverse or longitudinal vaginal septae, Gartner's cyst in one of the fornices which occludes
the external os or congenital vaginal atresia. Practically and literally, genital tract infection
detected by speculum examination can be a direct cause of female subfertility.

3. Manifest (overt) genital tract infections

Overt uterine causes of infertility would include clinically symptomatizing cervical and uterine
infections, intrauterine adhesions, polypi or uterine cavity malformations. Gynecologists
usually pay little care towards manifest lower and upper genital tract infections among infertile
women and rely mainly on ultrasonography and hormonal profile.

4. Increasing rate of lower genital tract infections

Cervicitis as well as vaginitis has been one of the common diseases influencing the health of
female genital system. The happening rate of female vaginal and cervical inflammation is
increasing rapidly in modern world which may be organism mutations, immunological
changes, and poor hygiene in underdeveloped world or liberal sexual behaviors particularly
in western countries. Fortunately enough, with the increased medical knowledge, health
education, improved diagnosis and aggressive lines of therapy, prompt eradication of these
infections is possible.

5. Impact of lower genital tract infection on fertility

In general, cervicitis has a negative impact on pregnancy. When a woman is diagnosed with
cervicitis, especially for those who have severe cervicitis, the possibility of infertility is high.
When cervicitis occurs, the cervix secretes more discharge with large amount of WBCs and
pathogens thus hindering normal vaginal environment. This changes the PH of the vagina and
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kills semen as if pyospermia exists. The activity of sperms will be limited and their living time
will be shortened. Furthermore, WBCs can swallow the sperms. Moreover, because of the thick
and purulent discharge, it is more difficult for semen to swim-up into the uterine cavity. Of
clinical importance, long standing endocervicitis is usually associated with mucosal prolifer-
ation with narrowing of the cervical canal and even inflammatory polyp formation preventing
smooth ascend of sperms. In addition, severe untreated longstanding cervicitis can cause
infertility by affecting nearby organs. It may cause endometritis, cervical endometriosis, acute
or chronic PID, tubal blockage, hydrosalpinx and even more deeper infections like urinary
diseases. In such cases, treatment becomes more sophisticated and requires more aggressive
lines of management. Lastly, local genital medications would affect sperm quality and adds
another fertility obstacle.

6. Prevalence of local genital tract infections among infertile women

Since a long time, many studies clearly demonstrated that genital tract infections would
decrease fertility of women. For instance, in a previous study [4], 92 infertile women were
compared with 86 pregnant controls regarding rates of isolation of Neisseria gonorrhoeae,
Candida albicans, Trichomonas vaginalis and other facultative organisms. They found that the
rate of isolation of Neisseria gonorrheae was 17.4% among infertile women compared with
10.5% in the group of pregnant women (p > 0.05). There was no significant difference between
the groups in the rate of isolation of Candida albicans, Trichomonas vaginalis and other
facultative organisms. High rates of isolation of microorganisms were observed in both groups.
However, women with secondary infertility had higher rate of carriage of Neisseria gonor-
rheae, Candida albicans and Staphylococcus aureus as compared with women with primary
infertility. Nearly 15% of infertile women had previous episodes of pelvic inflammatory
disease and 26% had had induced abortions. A positive history of vaginal discharge was a
poor predictor of vagina and endocervical carriage of microorganisms. They concluded that
high rates of pathogenic organisms exist in the lower genital tract of infertile women and
controls. Women with secondary infertility are more likely to have pathogenic organisms than
women with primary infertility and recommended routine screening for this group of infertile
women.

7. Vaginal microbiome and female infertility

Vaginal microbiome is a new era under continuous evaluation and research. It is well estab-
lished that the vagina is colonized by bacteria that serve important roles in homeostasis.
Imbalances in the proportion of bacteria may lead to a predisposition to infection or repro-
ductive complications. Molecular-based approaches found high variations within and
between women than previously reported. Moreover, the vaginal microbiome may increase
or decrease according to the health status, menstrual cycle or menopause with ethnic varia-
tions. Dysbiosis and the transmission of sexually transmitted infections are affected by the
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composition of the microbiome. An understanding of the diversity of the vaginal microbial
environment during states of health is essential for the identification of risk factors for disease
and the development of appropriate treatment [5]

The effect of known pathogens such as Mycoplasma, tuberculosis, Chlamydia trachomatis,
and Neisseria gonorrhoeae is clear, causing subclinical changes thought to be risk factors in
subfertility. Colonizing the transfer-catheter tip with Lactobacillus crispatus at the time of
embryo transfer may increase the rates of implantation and live birth rate while decreasing
the rate of infection [6]. On the other hand, the presence of vaginal-cervical microbial con-
tamination at the time of embryo transfer is associated with significantly decreased pregnancy
rates [7]. Nevertheless, the exact implication of microbiome in infertility requires more studies.

8. Role of cervical-vaginal swab in overt lower genital tract infections

8.1. The vaginitis wet mount test

It is the simplest and cheapest test to detect vaginal infection by taking a high vaginal swab to
be examined by wet mount microscopy. It may detect vaginal yeast infection, trichomoniasis
and bacterial vaginosis. Vaginal bleeding may alter the results. The patient should be instruct-
ed to avoid condoms or tampon use or vaginal sex 24 hours before the test. Moreover, vaginal
pessaries, creams or douches should not be used during the 2 to 3 days before the test.

The test is very easy where a speculum is inserted inside the vagina while the patient is in the
lithotomy position to get a sample fluid from the upper vagina. The sample is then smeared
on a glass slide mixed with few drops of saline and examined by wet mount microscopy.
Normally, no yeast, trichomonas or clue cells are found on the slide.

8.2. Additional vaginal discharge tests

In a previous study [8], we performed more evaluation of vaginal discharge as a screening for
bacterial vaginosis. Sterile cotton tipped swab was inserted in the posterior vaginal fornix, then
two swabs were taken. The first swab was rolled on a clean slide, and then a drop of isotonic
saline was added and the slide was examined microscopically (¥400) for the presence of clue
cells;7 0.1 mL methylene blue was also added to the wet preparation, so that the blue stained
bacteria on clue cells could be easily seen. A second swab of secretions was applied to a clean
glass slide and allowed to dry in air. This sample was later fixed by flame and Gram staining
was performed to visualize clue cells. The slide was examined under oil immersion microscopy
(¥1000). After examination of vaginal discharge, the diagnosis of BV was made if three of the
four criteria of Amsel and Thomson's criteria were fulfilled: these include thin homogenous
vaginal discharge, vaginal pH 4.5, characteristic amine or fishy odor when alkali (10% KOH)
is added to the specimen of vaginal secretions, and the presence of clue cells on wet mount
examination of vaginal fluid. Clue cells are described as a vaginal epithelial cell with an ill-
defined outline that appeared to be granular because of the large number of bacillary G.
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vaginalis (and other bacteria) attached to their surface. To be significantly indicative of BV,
more than 20% of the epithelial cells on the slide should be clue cells.

8.3. Screening for Chlamydial Infection [9]

The primary focus of chlamydia screening efforts should be to detect chlamydia infection,
prevent complications and test and treat their partners. Several sequelae can result from C.
trachomatis infection in women including PID, ectopic pregnancy, and infertility. C. trachoma-
tis urogenital infection can be diagnosed in women by testing first-catch urine or collecting
swab specimens from the endocervix or vagina. Nucleic acid amplification tests (NAATSs) are
the most sensitive tests for these specimens and therefore are recommended for detecting C.
trachomatis infection [10]. NAATSs that are FDA-cleared for use with vaginal swab specimens
can be collected by a provider or self-collected in a clinical setting. Self-collected vaginal swab
specimens are equivalent in sensitivity and specificity to those collected by a clinician using
NAATSs, and women find this screening strategy highly acceptable [11]. Previous evidence [12]
suggests that the liquid-based cytology specimens collected for Pap smears might be accept-
able specimens for NAAT testing, although test sensitivity using these specimens might be
lower than that associated with use of cervical or vaginal swab specimens; regardless, certain
NAATSs have been FDA-cleared for use on liquid-based cytology specimens.

8.4. Cervical screening opportunity

Perfect diagnosis utilizing a simple bivalve vaginal speculum is the key of success for proper
diagnosis and subsequent treatment of local genital tract infections. Don't ignore to screen for
premalignant cervical lesions even if your patient is young. Premalignant cervical lesions
usually precede invasive cervical cancer by about 17-25 years. So, your patient's health should
have the priority before treating infertility. Screening starts by meticulous naked eye exami-
nation of the cervix. It is a very important costless step. In a previous study [13], we tested the
reliability of unaided Naked-Eye Examination (UNEE) of the cervix as a sole screening test for
cervical premalignant and malignant lesions as compared to the standard cervical cytology.
A total of 3,500 non pregnant women aged between 25 and 55 years were included. An
unlubricated bivalve speculum was inserted into the vagina under good light to visualize the
cervix. A thorough UNEE of the cervix was done to detect any apparent lesions. Cervical
smears were obtained using the long tip of Ayre's spatula. An additional endocevical sample
was obtained by cytobrush. Woman with abnormal Pap smear or visible cervical lesions by
UNEE were scheduled for colposcopic examination. A biopsy was taken in every abnormal
colposcopic examination. Preinvasive cervical lesions (CIN 1-3) diagnosed by various diag-
nostic tools used in the study and confirmed by histopathological examination were 9 / 3500
cases (2.57 %). Invasive cervical lesions were diagnosed in 6 /3500 cases (1.71 %). The sensitivity
of UNEE was much more better than Pap smear (80 % vs 60 %) but less than colposcopy (86.7
%). However, specificity of UNEE was lower than Pap smear (91.16 %) vs. 100 %) and better
than colposcopy (83.12 %). UNEE had poor positive predictive value (3.75 %) when compared
to Pap smear (100 %) and to colposcopy (20 %). The negative predictive values of the three
tests were nearly comparable. Whenever access to Pap smear is limited, UNEE performed by
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general gynecologists and a well-trained nurse is an acceptable alternative for detection of
cervical premalignant or malignant lesions especially in low resource settings. Optimally, a
Pap smear should be taken routinely from every patient. Any suspicion of premalignant or
malignant lesions deserves a colposcopically-guided biopsy.

9. How to manage local cervical inflammatory lesions in women with UI?

If you see an inflammatory cervical polyp, it should be excised in the office utilizing a sterile
ring forceps. It should be sent for histopathologic assessment. Any bleeding from its pedicle
can be controlled by simple gauze compression or rarely cauterization. Other lesions like
ectopy, ectropion or chronic non-specific cervicitis can be treated by an ablative therapy. In a
prospective study [14], we tested the efficacy, tolerability and safety of 70% trichloroacetic acid
(TCA) painting versus monopolar spray coagulation of the cervix for treating persistent benign
cervical lesions that failed to respond to local medications. We included a total of 246 cases
with objective evidence of benign cervical lesions that were divided into 2 groups according
to the line of management. Group A comprised 126 cases subjected to spray monopolar
coagulation while group B comprised 120 cases subjected to trichloroacetic acid application.
Cervical smearing and colposcopy with or without cervical biopsy to exclude underling
malignant lesions was done. TCA painting or spray monopolar coagulation of the benign
cervical lesion(s). Follow-up was performed to assess relief of symptoms and cervical mor-
phology for one month. Main outcome measures include success of management tool, relief
of symptoms and normal cervical morphology after one month of therapy. We achieved a
statistically significant cure rate of cervical lesions after treatment in both groups without
significant difference between both groups. Failure rate was reported more in group B than
group A mainly due to hypertrophied ectopy and cervical polyp. Patient in group A reported
low satisfaction (26.9%) and poor tolerability rate (44.5%) as compared to patients in group B,
who reported high satisfaction (77.5%), and good tolerability rate (77.5%), this difference was
statistically significant. We concluded that both topical application of 70% TCA and monopolar
spray coagulation offer considerable efficacy, acceptable success rates and minimal complica-
tions. Spray coagulation is significantly superior in terms of less persistent or incompletely
healed lesions. Nevertheless, topical application of 70% TCA has the advantages of simplicity,
higher patient tolerability and safety that can be widely used by gynecologists who have
limited experience with surgical procedures. It is highly recommended if the cervical lesion is
ectopy or non-specific cervicitis but not hypertrophic lesion like hypertrophic ectopy or polyp.

9.1. Hidden genital tract infections in UI

Hidden uterine factors of infertility may include thin endometrium, poor endometrial
receptivity, and immunological incompatibility which have received good interest in modern
practice [15]. Literally, little attention has been directed towards asymptomatic hidden
intrauterine infections like Mycoplasma, Ureaplasma, Klebsiella and Chlamydia trachomatis
particularly among infertile women [16].
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9.2. Prevalence of hidden intrauterine infections (IUI) in Ul

In an unpublished study, we tried to find out if women with Ul have high prevalence of hidden
intrauterine infections (IUI). We included 100 women allocated into two groups. A study group
included 50 women with Ul and control group included 50 fertile women who came for
contraceptive advice. Sample size calculation was carried out using Epi Info software version
7 (CDC, 2012). A calculated sample of 82 (41 cases and 41 controls) was needed to detect an
effect size of 0.1 between the two groups unexplained infertility and control group, with a p
value < 0.05 and 80% power. Inclusion criteria for Ul were criteria according to The Practice
Committee of the American Society for Reproductive Medicine (ASRM) [17] which includes
normal semen analysis at least twice, patent fallopian tubes as seen by hystrosalpingography
(HSG) and positive ovulation utilizing ultrasound or serum progesterone in the second half
of the cycle.

Exclusion criteria included current or recent use of systemic or local antibiotics, vaginal
douches or creams in the preceding month. Inclusion criteria of the control group included
new clients attending the family planning outpatient clinic asking for a contraceptive method
and not complaining of recent or recurrent abnormal vaginal discharge. In both groups,
patients were subjected to a detailed history taking stressing on possible use of vaginal creams
or vaginal douches in the preceding month followed by thorough and meticulous vaginal and
general examinations. Patients with evidence of overt upper or lower genital tract infection on
routine clinical examination were also excluded from this study. In both groups, in lithotomy
position, an un-lubricated bivalve vaginal speculum was inserted intravaginally then an
endouterine swab was taken utilizing a soft 3 mm pipette. After injection of few milliliters of
0.9% saline, the aspirate was immediately sent to bacteriology department for assessment. The
endouterine swab was incubated on Amies transport medium (Himedjia), pleuropneumonia-
like organism broth (PPLO) (Himedia — Cat. No. M266), and brain heart infusion (BHI)
(Himedia — Cat. No. M210), to isolate Mycoplasma hominis. The plates were kept under
microaerophilic conditions at 37 °C. Liquid media were examined daily for 10 days for the
color change indicating growth. Other media like columbia Agar base (Himedia — Cat. No.
M144) and MacConkey Agar (Himedia — Cat. No. MMO081), were used to identify other
organisms by conventional methods. Vaginalis Agar (Himedia - Cat. No. M1057) medium was
used to detect Gardnerella vaginalis. Part of the fluid was fixed on slides, frozen in acetone,
and subjected to a direct immunofluorescence assay (IFA) with fluorescence isothiocyanate
conjugated anti-chlamydia trachomatis monoclonal antibodies (Imagen TM Chlamydia, Dako
Cytomation, UK). Detection of group B streptococci (GBS) was done by specific antiserum on
the isolated colonies (HiStrep — Latex test kit - Himedia LK06-50NO). The isolated organisms
were confirmed biochemically using API system (20A Biomerrieux RES 20300). All women
with unexplained infertility (group A) were subjected to diagnostic laparoscopy using
standard double puncture technique. Laparoscopic findings were correlated with bacteriologic
findings.

There was a statistically insignificant difference between both groups regarding the age and
residence (p value >0.05) and it was highly significant regarding parity (p value <0.001). Hidden
IUI were diagnosed by culture and biochemical confirmation in 42 cases (84%) and 10 cases
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(20%) in both groups respectively with a high statistically significant difference (P=0.001). The
most common organisms detected in the study group were Mycoplasma (24%), klebsiella
(20%), Chlamydia (18%) and Proteus (10%). In group A, positive laparoscopic findings were
reported in 33 patients (66 %). There was a significant correlation between the positive cases
of hidden IUI and the pathological lesions diagnosed by laparoscopy (P Value= 0.0001). The
most common laparoscopic abnormalities were hyperemic uterus, peritubal adhesions and
chronic salpingitis which were reported in 10 (20%), 6 (12%) and 4 (8%) cases respectively,
which demonstrate a highly significant correlation between confirmed hidden IUI and
abnormal laparoscopic findings in UL Laparoscopy revealed upper genital tract pathology in
30 cases (71.4%) of positive cases of hidden infections (42 cases) and it was negative in 3 cases
(37.5%) of negative cases of hidden intrauterine infections (P Value= 0.0001). Cases with
abnormal laparoscopic findings (33 cases) could be explained by positive culture of hidden
intrauterine infection in Ul group except 7 cases of endometriosis and 3 cases were culture-
free. Abnormal laparoscopic findings were found more in positive cases with Mycoplasma (10
cases), Chlamydia (8 cases), Klebsiella (3 cases) and Proteus (2 cases) respectively.

9.3. Discussion on prevalence of hidden IUI

Hidden IUI may be a possible cause of UI [18]. This can be achieved by alterations in the
intraperitoneal environment that may lead to an inflammatory process in the absence of visible
abnormalities [19]. In our work, high prevalence of hidden IUI (84%) proved by culture of
endouterine discharge in women with Ul raise the recommendation that before starting a
lengthy and costly list of sophisticated level II investigations of both partners, attention to
hidden IUI is a mandatory basic step in UL It has been found that women with tubal factor
were two to three times more likely to have genital tract infections than women with other
types of infertility [20]. We think that culture would be accepted as a basic screening tool for
hidden IUI due to availability and feasibility in many hospitals. Screening test should not be
expensive, time consuming or complicated before being extended to all hospitals particularly
in low resource countries with limited resources.

Our work demonstrated a high prevalence of Mycoplasma (24%), klebsiella (20%), Chlamydia
(18%) and Proteus (10%) among women with Ul These results of high prevalence compared
to fertile women would call for more attention to screening protocols in all infertility units
dealing with Ul ideally prior to laparoscopic intervention. Due to high prevalence of Chla-
mydia in infertile women in a previous study, screening for Chlamydia was recommended for
cases with all cases with UI [18]. We reported Mycoplasma in about one quarter of positive
cases. Likewise, mycoplasma was reported in 32% of infertile cases with a statistically
significant difference from fertile group [12]. In this study, proteus infection was reported in
10% of infected cases. This particular organism is commonly noticed in the urinary system
infections. Reporting it in the genital tract would requires more studies to define its role in
infertility. Unlike others, we reported low prevalence of Ureaplasma in only 4% of cases despite
its previous reports of up to 32% infertile cases [18]. This big difference may clarify the
variability of frequency of hidden intrauterine infections in different populations and high-
lights importance of studies on prevalence in each community.
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Laparoscopic evaluation of infertility is the cornerstone test for tubal and peritoneal factors of
infertility [21]. In this study we documented 33 cases (66%) with abnormal laparoscopic
findings among the infertile group. Abnormal laparoscopic findings were reported in about
53 % of infertile women in a previous stud [22]. The most frequent abnormal laparoscopic
finding in their study was pelvic adhesions. More frequent abnormal laparoscopic findings in
UI up to 87.2% were reported by others [23] who described endometriosis lesions, peritubal
adhesions and tubal obstruction. In a previous study, 114 women with Ul were examined
laparoscopically. Laparoscopy revealed pelvic pathology in 95 patients. Endometriosis, pelvic
adhesions and tubal disease were observed and treated in 72, 46 and 24 patients, respectively.
They could treat 72 patients of them, and 35 of them conceived using their own tubes. However
they concluded that diagnostic laparoscopy should be strongly considered in Ul work-up, and
tubal efficacy should not be underestimated [24]. In our work, there was a significant correla-
tion between the positive cases of BV and the pathological lesions diagnosed by laparoscopy
especially hyperemic uterus, chronic salpingitis and peritubal adhesions (P Value= 0.0001).
Subsequently, we recommend meticulous screening of women with these abnormal laparo-
scopic findings for possibility of hidden intrauterine infections.

Performing laparoscopy for Ulis not universally agreed and questionable since it is an invasive
procedure with serious morbidities and mortalities. However, in an detailed book chapter,
many benefits of performing endoscopic evaluation of cases of Ul were well demonstrated [3].

Limitations of this study included small sample size of individual types of hidden intrauterine
infections and lake of precise description of a particular abnormal laparoscopic finding for
each organism are clear limitations of this study. Due to ethical considerations, both groups
were nothomogeneous in that the case group had undergone investigations such as ultrasound
and HSG, while the controls had not. We could reasonably argue that instrumentation for HSG
might cause retrograde infections that were later on detected at laparoscopy. Some of the
"positive" laparoscopic findings are questionable and probably too subjective. This study
would be a more meaningful study if included the impact of proper treatment on fertility of
women with UL

We concluded that despite being an underestimated cause of female infertility, hidden IUI are
frequent and implicated in Ul Laparoscopy is very beneficial in explaining the effect of hidden
intrauterine infections on the upper genital tract but it is not a screening tool for IUIL. We
recommend postoperative screening for hidden IUI in Ul cases with abnormal laparoscopic
findings. Further studies are required to test the impact of proper treating these infections on
subsequent fertility in cases of UL

10. Similar studies

One hundred seventy infertile women and 45 pregnant women in the third trimester were
evaluated in one study for the prevalence of uterine infections [25]. Classical methods and real
time PCR were applied to each cervical sample to detect the presence of these sexually
transmitted microorganisms; the ELISA method was applied to blood samples to detect C.
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trachomatis antibodies (IgA, IgM and IgG). The proportion of C. trachomatis IgG was
significantly higher in the infertile group (23.8%) than in the pregnant group (4.4%), p < 0.05.
For C. trachomatis antigen (Ag) and N. gonorrhoea Ag no differences were observed between
the two groups. The prevalence of mycoplasma genital infections was higher in the pregnant
group (U. urealyticum - 53.3% and M. hominis - 20%) than in the infertile group (U. urealyticum
- 39.7% and M. hominis - 7.3%). Higher rate of co-infection with C. trachomatis and myco-
plasma were observed among the infertile women (25.7%) than among the pregnant women
(7.7%). This combination could be involved in the appearance of pelvic inflammatory disease
(PID) and its sequele, including infertility. C. trachomatis IgG determination still remains the
gold standard for the diagnosis of PID and should be used as a screening test for the prediction
of tubal damage in infertile women. They concluded that in view of the large number of cases
involving the co-existence of genital infections with C. trachomatis, M. hominis and U.
urealyticum, it is clearly necessary to perform screening for all three microorganisms among
all women of reproductive age but especially those who are infertile.

Another study [26] was constructed to investigate the detection rates of Chlamydia tracho-
matis, Neisseria gonorrhoeae, Mycoplasma genitalium, Mycoplasma hominis, Ureaplasma
urealyticum, Gardnerella vaginalis, Escherichia coli, Streptococcus agalactiae and Enterococ-
cus faecalis, in asymptomatic fertile and infertile women. It encompassed 161 women,
including 101 women treated for infertility and 60 fertile women who had already given birth
to healthy children. The material for the presence of C. trachomatis, N. gonorrhoeae, M.
genitalium, M. hominis and U. urealyticum was collected from the cervical canal and analyzed
by PCR. Furthermore, BD Probe Tec ET system was used to detect C. trachomatis infection.
Vaginal swabs were collected for classification of bacterial vaginosis and aerobic vaginitis and
assessed according to the Nugent score, as well as by traditional culture methods. U. urealy-
ticum was identified in 9% of the infertile women and in 8% of controls. Presence of M. hominis
was demonstrated only in the former (4%) and C. trachomatis only in latter (3%). N. gonor-
rhoeae and M. genitalium were not found in any of the examined women. The frequency of
aerobic vaginitis in both groups was estimated at 12%. There were 7% bacterial vaginosis cases
in the study group, and none in the control group (p=0.0096). They concluded that despite
having no symptoms of an ongoing acute inflammation of the reproductive tract, many women
may experience permanent or periodic shifts of equilibrium of the vaginal and/or cervical
microflora. BV develops more frequently in infertile patients when compared to the fertile
women.

11. Infection induced by infertility work-up maneuvers

During the course of infertility work-up, women are subjected to many invasive diagnostic
procedures like hysterosalpingography, hysteroscopy, sonohystrography, premenstrual
biopsy or laparoscopy. Moreover, some therapeutic procedures are done to treat definite
problems like selective salpingography, egg retrieval, operative resectoscopy or hysteroscopy
and operative laparoscopy in addition to some minor vaginal maneuvers. All these diagnostic
and operative interventions carry the risk of introduction of infection to the genital tract and
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disruption of the natural protective mechanisms. The gynecologist should pay attention to the
possibility of inducing infection and stick to aseptic strict precautions during every step. Lastly,
whenever suspicion of introduction of infection is raised, proper broad spectrum antibiotics
should be considered.

12. Keynote points

Infertility specialists should not underestimate overt lower or upper genital tract infections.
Vaginal including speculum examination is an important basic step during infertility evalua-
tion. Gynecologists should keep asepsis during all steps of examination or investigation of the
infertile female. Use of appropriate antibiotics is recommended whenever prolonged or
invasive procedure is performed. Prompt and aggressive treatment of any detected upper or
lower genital tract infection is mandatory to prevent short and long-term sequel that would
compromise the fertility status of the female. Concomitant treatment of the male partner
shouldn't be forgotten to avoid relapse or persistence of female infections. Think hidden
infection of the genital tract in all cases of Ul before performing sophisticated procedures like
ART. Uterine microbiome is a recent entry to our armamentarium, however its relevance and
treatment is unknown and requires more research.
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Abstract

Chronic endometritis is a persistent inflammation of the inner lining of the uterine cavity.
Several studies have demonstrated that it is a condition frequently associated with repeat-
ed unexplained implantation failure at in vitro fertilization, recurrent miscarriage, as well
as poor obstetric outcomes such as preterm labor.

The aim of this paper is to provide information about diagnosis and treatment of this condi-
tion to improve reproductive outcome. In fact, significantly higher rate of successful preg-
nancies was achieved in those patients in whom antibiotic treatment was able to normalize
both hysteroscopic and histologic endometrial pattern compared with women who were
not treated or with persistent disease. Hysteroscopy with endometrial biopsy is assumed to
be the best method for the detection of chronic endometritis. So, we support the impor-
tance of hysteroscopy as a part of the diagnostic workup of infertile women.

Keywords: Infections, chronic endometritis, infertility, hysteroscopy, antibiotic therapy

1. Introduction

1.1. Definition and etiology

Endometritis is defined as inflammation of the endometrium, grouped in various typologies,
depending on the underlying causality.

It may present in acute or chronic forms.

The acute form is principally a transitional phase of short duration generally arising due to the
persistence of placental or abortive residues, or in combination with pelvic inflammatory
disease, or with inflammatory conditions of bacterial/viral etiology elsewhere in the urogenital
tract [1-4].
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Chronic inflammation may follow the acute stage—which is the most frequently seen—or it
may occur more subtly, as chronic inflammation “ab initio’, without passing through an acute
stage.

Chronic endometritis can reveal a microbiological origin or a mechanical-chemical origin [5].

In the latter case, the most frequent causative agents are common pyogenic pathogens
(streptococci, staphylococci, enterococci, Escherichia coli), as well as bacteria such as Chlamydia
trachomatis, Neisseria gonorrhoeae, Mycoplasma, and Ureaplasma urealyticum. It has also been
described in cases of postpartum endometritis secondary to herpes simplex virus (HSV) and
cytomegalovirus (CMV) infections, particularly in patients with HIV [6-8].

However, although the etiology in most cases is polymicrobial, the results obtained by
traditional culture tests are laboratory dependent, and often, given the use of endometrial
sampling devices, vaginal and endocervical contamination cannot be excluded.

Also worth mentioning is tubercular endometritis, because in recent years there has been an
increased incidence of tuberculosis in Western countries, owing to migration from countries
with a high incidence of endemic tuberculosis.

Endometritis of chemical-mechanical origin, on the other hand, is generally caused by the
presence of pessaries or intrauterine devices.

2. Clinical appearance

Chronic endometritis is often clinically silent. Therefore, it is impossible to accurately deter-
mine its true prevalence in the general population [5].

In some cases, however, it can be associated with infertility [9-11].

Endometrial inflammation seems to interfere with the physiological mechanisms of oocyte
fertilization and embryonic implantation.

Repeated implantation failure (RIF) is defined as failure to conceive following two or three
embryo transfer cycles or cumulative transfer of 10 good quality embryos [12,13].

In a retrospective study reported by Johnston-MacAnanny [14], women with a history of RIF
after in vitro fertilization (IVF) were positively diagnosed with chronic endometritis in about
30% of cases and women diagnosed with chronic endometritis had lower implantation rates
(11.5%) after IVF cycles.

In contrast, Kasius et al. [15] reported that the clinical implication of chronic endometritis seems
minimal because they diagnosed this condition only in 2.8% of asymptomatic infertile patients
with a normal transvaginal ultrasound examination (TVS). The same authors reported that the
reproductive outcome at conventional In Vitro Fertilization (IVF) or Intra-cytoplasmic sperm
injection (ICSI) cycles was not negatively affected by chronic endometritis, but they underlined
that the low prevalence and unknown clinical significance of endometritis warrant further
study [15, 16].
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Cicinelli et al. [12], in a recent pilot research, demonstrated that chronic endometritis was a
condition frequently associated with RIF (66.0%). It was about double compared with 30.3%
reported by Johnston-MacAnanny et al. [14]. This discrepancy could be explained by the very
strict selection criteria employed in this study (for example, in order to rule out any confound-
ing factor and inflammatory conditions, they considered clinical or ultrasonographic evidence
of ovarian endometrioma as an exclusion criterion) and by the expertise of their group in
hysteroscopic and histological diagnosis of chronic endometritis. In this population study, the
most prevalent infectious agents were common bacteria and mycoplasma. In addition, the
normalization of the hysteroscopic endometrial pattern was associated with a significant
improvement of the reproductive outcome of the IVF cycle performed after antibiotic treat-
ment.

Chronic endometritis is also related to recurrent miscarriage (RM) [17].

RM, defined as three or more miscarriages before 20 weeks of pregnancy, affects about 3% of
all couples [4, 18].

In a recent paper, it was demonstrated that in women with repeated abortions, chronic
endometritis is a frequent finding (68.3%) and that women who received adequate antibiotic
treatment had a significantly higher rate of successful pregnancies compared to women who
were not treated or with persistent disease. Also in this population, the most prevalent
infectious agents were common bacteria and Mycoplasma [12, 18].

In conclusion, untreated chronic endometritis seems to diminish the success rates of both
spontaneous conception and IVF cycles, as well as to contribute to adverse obstetrical out-
comes, as intrauterine infections, preterm delivery, and postpartum endometritis [2—4, 12, 16,
19-21]. Furthermore, all these results suggest that hysteroscopy should be a part of the
diagnostic work-up of infertile women complaining of unexplained RM and with RIF [18, 22].

However, the exact mechanisms by which chronic endometritis can lead to a compromised
fertility are not yet fully understood and are still the subject of numerous studies.

Very recently, it was shown that in the endometrial mucosa of infertile patients suffering from
chronic endometritis, there is an altered distribution of natural killer cells. In particular, in
chronic endometritis, there is a decrease in CD56 lymphocytes and an increase in CD16
lymphocytes, hence, an altered maternal immune tolerance towards the embryo, along with
adverse effects on the mechanisms of implantation, and a defective trophoblastic invasion [23].

Other symptoms related to chronic endometritis are as follows [24]:

* Abnormal uterine bleeding: such a symptomatology can present in the form of intermenstrual
spotting or metrorrhagia; however, to date, the relationship between abnormal uterine
bleeding and chronic endometritis is not clear.

* Dysmenorrhea: the current hypothesis identifies, as a major cause of dysmenorrhea, the
prostaglandins, which are released through the endometrial cell membranes damaged by
the inflammatory process.

* Dyspareunia.

37



38 Genital Infections and Infertility

* Leucorrhea and urinary symptoms: occasionally, there is a malodorous, purulent vaginal
discharge, with increased urinary frequency and/or symptoms similar to those of cystitis,
along with concomitant bladder irritation.

* Fever: Elevated in the acute phase; in some cases, a mild fever in the chronic form.

Tubercular endometritis merits special mention; this type of chronic endometrial inflammation
virtually always occurs secondary to respiratory or abdominal localization, with a clear
predilection for adnexal localization. It is generally limited to young women of childbearing
age, being rare in the menopause.

The symptomatology varies from overt forms, in which the inflammatory process has affected
the appendages, to completely latent forms. In the presence of tubercular endometritis,
changes in menstrual flow may occur, ranging from polymenorrhea to amenorrhea, accom-
panied by an almost universal history of sterility/infertility.

3. Prehysteroscopic diagnosis

The diagnosis of chronic endometritis by means of two-dimensional transvaginal sonography
(TVS) is difficult due to the absence of pathognomonic signs associated with the condition [12].

Indirect sonography signs are as follows:

¢ hematometra;

* endometrium with hyperechogenic spots;
* intracavitary synechiae;

* increase in endometrial thickness, asynchronous with the phase of the menstrual cycle.

4. Hysteroscopic diagnosis

A hysteroscopy, performed in the proliferative phase of the menstrual cycle, allows to identify
the signs of endometrial inflammation.

Under examination with CO2, chronic endometritis typically presents with endometrial areas,
which are bright red with white central dots, focally or diffusely distributed over the endo-
metrial surface, assuming an appearance considered to resemble a‘strawberry’ pattern, similar
to the colposcopic pattern “punctated with white spots’.

Other findings may be conspicuous due to the presence of friable, white patches that bleed
easily on contact. These features are, however, very unspecific, as they may also be related to
lesions of the vascular bed in reaction to the intracavitary CO, distension medium, or emerging
due to immunological disorders, or hypertension, and they may yet be so mild as to evade
diagnosis.
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Uterine distension with saline has, among other advantages, that of causing no adverse side
effects on endometrial microcirculation, thus facilitating the diagnosis of chronic endometri-
tis [25].

The criteria proposed by Cicinelli et al. [26] to establish a hysteroscopic diagnosis of chronic
endometritis are as follows (Figures 1-3):

* Hyperemia: The vascular network appears accentuated, especially at periglandular level.

* Stromal edema: The endometrium presents, in the proliferative phase, as both pale and
thickened.

* Micropolyps: Manifesting with small pedunculated, vascularized protrusions of the uterine
mucosa (<I mm) covered by endometrium and characterized by an accumulation of
inflammatory cells (lymphocytes, plasma cells, and eosinophils) intermingled with normal
stromal cells.

Figure 1. Hysteroscopic view of chronic endometritis in a 30-year-old infertile woman. Saline used as distension medi-
um does not affect endometrial microcirculation, making it easier to identify the characteristic signs of chronic endo-
metritis. Note the micropolyps, which appear as small pedunculated, vascularized protrusions (<1 mm) on the uterine
mucosa (A). The close-up view clearly shows a marked accentuation of the vascular network at the level of the uterine
fundus (B). To right, an overt stromal edema is evident (C), though the examination was carried out in the early prolif-
erative phase.

Figure 2. Hysteroscopic view of chronic endometritis in a 34-year-old woman with a positive anamnesis of three early
spontaneous abortions (A-C). The stromal edema is clearly evident on the posterior wall (A) and micropolyps are de-
tected on any of the uterine walls (A-C).

A study led by Cicinelli in 2005 [26] showed that the absence of stromal edema and hyperemia
—detected at hysteroscopy —has a high negative predictive value (98.8%), i.e., the absence of
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Figure 3. Detail of micropolyps under hysteroscopic examination using a liquid distension medium: the micropolyps,
which appear with a varied morphology, are scattered over the uterine wall and may often be encountered with pol-
yps (A) and/or pseudopolyps.

these findings allows the hysteroscopist to rule out, with reasonable certainty, the presence of
endometrial inflammation.

Conversely, if micropolyps are found, which is almost always associated with hyperemia or
stromal edema, this should be interpreted a reliable sign of inflammation, as corroborated by
the high positive predictive value attributed to this finding (98.4%).

The presence of focal hyperemia with isolated micropolyps is associated, histologically, with
a mild type of endometrial inflammation; conversely, the findings of generalized hyperemia,
diffused micropolyps, or a thickened endometrium with polypoid diffusion are all associated
with moderate-to-severe endometrial inflammation [27, 28].

In summary, the presence of hyperemia, edema, and stromal micropolyps has a demonstrated
diagnostic accuracy of 93.4%.

The potential development of endometritis, if left untreated, leads to the formation of intrau-
terine synechiae.

Regarding tuberculous endometritis, certain hysteroscopic signs suggestive of disease have
been described, such as the presence of a thin, uneven, and pale endometrium with irregular
whitish spots scattered over the uterine walls [29].

It is not uncommon to observe intrauterine adhesions, while a much rarer finding is the
presence of classic tubercles in the endometrial mucosa. Differential diagnosis should be
established against the presence of granulomatous endometritis (sarcoidosis) and that of the
fungal form [30]. Even CMV-related endometritis can manifest itself in the granulomatous
form.

Finally, there is a rare form of endometritis that may mimic, at macroscopic level, an endo-
metrial carcinoma [31]. This is xanthogranulomatous endometritis, whose etiology is still
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under debate, and which occurs predominantly in elderly women with cervical stenosis and
pyometra. Histologically, it is characterized by xanthogranuloma, consisting of lipid-rich
histiocytes, giant cells, lymphocytes, neutrophils, and plasma cells.

5. Histological diagnosis

The histological diagnosis of chronic endometritis is based on the presence of a number of
criteria that have been widely described in the literature: superficial stromal edema, increased
stromal density, and inflammatory stromal infiltration, which is predominated by the
presence of lymphocytes and plasma cells [32]. The presence of the latter is considered by
some authors as a marker specific to endometritis; according to some, in particular, the
presence of a few or even a single stromal level plasma cell is enough to settle the diagno-
sis on chronic endometritis [33].

However, the majority of authors agree upon a greater importance that an overall view of all
histological aspects be established (the coexisting presence of several criteria suggestive of
chronic endometritis—rather than focusing on a single diagnostic criterion).

An unusual distribution pattern of leukocytes in the endometrial mass and the presence of an
increased number of B lymphocytes may contribute to the diagnosis because the B lympho-
cytes in the endometrium normally make up less than 1% of the leukocyte count.

6. Treatment

The therapy for chronic endometritis is pharmacological and is based on the administration
of broad-spectrum antibiotics [34, 35].

Generally, the drug of choice is doxycycline, administered in doses of 100 mg every 12 hours
for 14 days, or alternatively, the administration of cephalosporins, macrolides, or quinolones
is possible. It is preferable for the partner to also undergo the same antibiotic treatment.

Where antibiotic therapy fails and/or where the presence of endometritis persists, an endo-
metrial culture with a relative antibiogram should be considered and an appropriate antibiotic
treatment must be prescribed.

In particular, according to the Centers for Disease Control guidelines, the therapies recom-
mended are in case of [12]:

* positive for Gram-negative bacteria: Ciprofloxacin 500 mg twice a day for 10 days as first
line therapy;

* Gram-positive bacteria: Amoxicillint+clavulanate 1 g twice a day for 8 days;

* Mycoplasma and U. urealyticum infections: Josamycin 1 g twice a day for 12 days; while, in
case of persistence, minocycline 100 mg twice a day for 12 days;
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* negative cultures: Ceftriaxone 250 mg IM in a single dose plus doxycycline 100 mg orally
twice a day for 14 days with metronidazole 500 mg orally twice a day for 14 days.

In case of persistence of signs of chronic endometritis at subsequent hysteroscopy, the protocol
can be repeated up to three times.

In the presence of confirmed tuberculous endometritis, the patient should be given a specific
antibiotic therapy for tuberculosis (isoniazid, ethambutol, rifampicin, and pyrazinamide for 2
months, followed by isoniazid and rifampicin for another 4 months).
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Abstract

Abnormal vaginal discharge in a pregnant woman causes discomfort and increas-
es risk of complications. Management of such patient is difficult as the physician
will need to distinguish leucorrhoea of pregnancy from pathological vaginal dis-
charge and also to decide on the drugs to prescribe that are not contraindicated in
pregnancy.

The objective of the study is to discuss the prevalence, causes and treatment of ab-
normal vaginal discharge in pregnant women.

Searches from PubMed and using other scientific search engines were performed.
The chapter was supported with findings from the authors” previous study on the
same topic. In the study, high vaginal and endocervical swab samples were collect-
ed from 400 pregnant women with complaints of abnormal vaginal discharge and
another 400 controls.

The result showed that the prevalence of abnormal vaginal discharge in pregnan-
cy was 31.5%. Vulval pruritus, 200 (75%), was a significant feature (x> = 1.011, P <
0.001), and Candida albicans, 160 (40%), was the commonest cause.

Although antibiotic sensitivity testing was not done for Candida albicans, all the mi-
croorganisms were sensitive to Augmentin®

The prevalence of abnormal vaginal discharge in pregnancy was high and C. albi-
cans was the commonest cause. Assessment of pregnant woman complaining of
vaginal discharge for aetiology is necessary in order to give an appropriate treat-
ment.

Keywords: Vaginal discharge, Pregnancy, Antibiotic treatment, Maiduguri, Nigeria
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1. Introduction

Most pregnant women have vaginal discharges that are either physiologic or pathologic. The
challenge to the clinician is to separate the vaginal infections with potentially serious input for
pregnancy from annoying but not serious secretions, irritation and pruritus [1]. Infectious
vaginitis is usually caused by yeast, such as Trichomonas vaginalis, bacterial vaginosis, gonor-
rhoea, Chlamydia trachomatis, Mycoplasma, Group B streptococcus or herpes [1]. Normal vaginal
secretions consist of water, electrolytes, epithelial cells, microbial organisms, fatty acid and
carbohydrate compounds [1, 2].The concentration of anaerobic bacteria is usually five times
than that of aerobic organisms. The most prevalent organisms in the vagina are lactobacilli,
Streptococci, Staphylococcus epidermidis, Gadnerella vaginalis and Escherichia coli. Anaerobic
species that are frequently isolated include Peptostreptococci, anaerobic lactobacilli and bacter-
oides [3].

Vaginal pH, glycogen content and amount of secretion influence the quantity and type of
organisms present in the vagina. Lactobacilli restrict the growth of other organisms by
producing lactic acid, thus maintaining a low pH. These organisms also produce hydrogen
peroxide, which is toxic to anaerobes. The normal vaginal bacterial population assists in
inhibiting the growth of pathologic vaginal organisms. If the normal vaginal ecosystem is
altered, there is a greater chance of proliferation of pathogenic organisms. The challenge of
treating vaginitis in pregnancy is the necessity of making accurate diagnosis and treating
correctly [2]. True infections (some of which can have dangerous effect on gestation) must
be separated and distinguished from the exaggeration of physiologic discharge by pregnan-
cy. Infection with bacterial vaginosis, Chlamydia trichomonas or Group B Streptococcus has
been associated with septic abortion, premature rupture of membranes and premature
delivery [2, 4].

2. Management of common causes of abnormal vaginal discharge in
pregnancy

2.1. Vulvovaginal candidiasis

Vulvovaginal candidiasis (VVC) is a common cause of vaginal discharge worldwide [5, 6]. It
is estimated that approximately 75% of women will experience an episode of VVC [7].
Candidiasis is caused by the fungus, Candida species. Candida species include Candida albi-
cans, Candida tropicalis, Candida pseudotropicalis, Candida krusei and Candida stellaloidea. Other
strains are torulopsis, glabrata and rhodotromla. C. albicans accounts for 60-80% of vaginal fungal
infection [5-7], Candida glabrata accounts for 20% and C. tropicalis accounts for 6-23% [5].
Predisposing factors to VVC include pregnancy, diabetes mellitus, immunosuppressive
therapy (cytotoxic drugs, steroids, etc.), antibiotics, oral contraceptives, immunodeficient
conditions (HIV, cancer, chronic illness) and tight fitting and nylon undergarments [5]. Heat
and moisture favour the growth of Candida species [8]. VVC can be sexually transmitted, and
several studies reported an association between candidiasis and orogenital sex [7, 9].
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C. albicans can be identified by culture from the vagina during pregnancy in approximately
25% of women [10]. While the prevalence of VVC in pregnancy in Zabrze of Poland is 42% [11],
few studies in Africa reported the prevalence of 65% [12], 42% [13] and 23% [14] in Benin City
of Nigeria, Addis Ababa of Ethiopia and Papua of New Guinea, respectively. Similarly, studies
in India reported incidences ranging from 45% to 61% [15, 16].

Most patients with VVC will complain of vaginal discharge [5]. Dyspareunia, vulval pruritus
and burning are the main symptoms [17]. Patients commonly complain of pruritus and
burning after intercourse or upon urination. Erythema and oedema of the labia majora and
minora and rashes on the perineum and thighs may be seen on physical examination, and a
whitish, thick and curd-like vaginal discharge is usually present [17]. Recurrence requiring
repeated treatment during pregnancy is likely [18].

The diagnosis is made on both clinical examination and laboratory identification of Candida
by positive wet-mount test or potassium hydroxide (KOH) preparation [17]. In the wet-
mount test, the spores and Candida are seen when vaginal discharge or scrapings from vulval
lesions are mixed with normal saline and viewed under high-power magnifications. The
presence of yeast blastospores or pseudohyphae can be detected in approximately 30-50%
of patients with symptomatic VVC [17]. The addition of 10% KOH to the solution lyses white
blood cells, red blood cells and vaginal epithelial cells, making the alkali-resistant branch-
ing budding hyphae of Candida easier to see[17]. Because vaginal pH usually remains normal
in VVC, positive results from these two tests in combination with a normal vaginal pH are
helpful in confirming the diagnosis. Most studies demonstrate that most of vaginal isolates
are C. albicans [17]. Therefore, fungal cultures have not been used by most clinicians as part
of the initial evaluation [17].

Various drug formulations are effective in treating both uncomplicated and complicated
infections [10]. Both intravaginal and oral agents are available [10, 19]. Uncomplicated VVC
includes sporadic or infrequent VVC, mild-to-moderate VVC, VVC with likely infecting agent
being C. albicans, and non-immunocompromised patient. Complicated VVC is recurrent
candidal infection or severe infection or non-albicans candidiasis (C. tropicalis, C. glabrata, etc.),
VVC in uncontrolled diabetes mellitus, VVC with associated immunosuppression, VVC with
debilitation or VVC in pregnancy [10]. Women who have four or more candidal infections
during a year are classified as having complicated disease [9]. Intravaginal agents used in the
treatment of VVC are 5 g of 2% butoconazole cream intravaginally for 3 days or 5 g (sustained-
release) once; 5 g of 1% clotrimazole cream for 7-14 days or 100 mg tablet intravaginally for 7
days; 5 g of 2% miconazole cream intravaginally for 7 days or 100 mg suppository intravagi-
nally for 7 days or 200 mg suppository for 3 days or 1200 mg suppository once; Nystatin 100,000
U tablet intravaginally for 14 days; 5 g of 6.5% tioconazole ointment intravaginally once; 5 g
of 0.4% terconazole cream intravaginally for 7 days or 0.8% cream 5 g intravaginally for 3 days
or 80 mg suppository intravaginally for 3 days. Oral agent is fluconazole 150 mg oral tablet
once.

Prolonged local intravaginal therapy regimens and addition of oral fluconazole may be
required to treat non-albicans VVC [7]. Fluconazole, 100-200 mg weekly for 6 months, is also
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the drug for prevention of recurrent VVC, whereas 600 mg boric acid gelatine capsule
intravaginally daily for 2 weeks is useful in the management of non-albicans recurrent VVC[7].

2.2. Anaerobic bacterial infection and bacterial vaginosis

Vaginal flora of a normal asymptomatic reproductive-aged woman includes multiple aerobic
or facultative species as well as obligate anaerobic species [9]. Of these, anaerobes are pre-
dominant and outnumber aerobic species approximately 10-1 [20]. These anaerobes include
gram-negative organisms such as Prevotella, Bacteroides, Fusobacterium species, and Veillonella
species and gram-positive bacilli such as Propionibacterium species, Eubacterium species and
Bifidobacterium species [9, 20]. These anaerobic bacteria cause non-specific vaginitis [5].

Bacterial vaginosis is characterised by a shift from normal vaginal population of lactobacilli to
anaerobes such as G. vaginalis, Prevotella, Bacteroides and Mobiluncus species and other bacteria
such as Mycoplasma and Ureaplasma species [20]. It is one of the most frequent conditions
encountered in reproductive health clinics throughout the world [20]. The condition had been
previously called Haemophilus vaginalis vaginitis, non-specific vaginitis and G. vaginalis
vaginitis [5, 21].

Bacterial vaginosis has been strongly associated with poor pregnancy outcomes such as
preterm delivery and low birth weight infants, and several studies have now established the
associations between bacterial vaginosis, human immunodeficiency virus and puerperal
sepsis [20, 22].

Bacterial vaginosis appears to be particularly common in Sub-Saharan Africa where several
studies have reported high prevalence rates, ranging from 20-49% among women presenting
to STD clinics with vaginal discharge to 21-52% among pregnant women attending antenatal
clinic [20]. These are very much higher than the rates reported from industrialised countries
with 13% in the United Kingdom [23], 11% in London [20] and 15-30% in the United States [24].

Bacterial vaginosis usually occurs in sexually active patients. Some of the other risk factors
include multiple sexual partners, low socioeconomic status, lesbians, presence of intrauterine
device and prior STD [5]. It is still debatable whether it is sexually transmitted; however,
supporting this is the recovery of G. vaginalis in the urethral of male partners [5].

Bacterial vaginosis is characterised by a malodorous, profuse, thin, homogenous yellow, white
or grey discharge thatis adherent to the anterior and lateral vaginal walls. Typically, the patient
may complain of a fishy odour during or shortly after coitus and also during menses. The
alkaline nature of blood or semen (pH > 7) brings about a transient increase in the vaginal pH,
and this causes the release of amines, which the patient perceives as fishy odour. This typical
discharge may be found on examination in some patients who in fact have not complained of
a vaginal discharge [25]. The fishy smell of the discharge is the main problem and is often
responsible for sexual disharmony between partners. Vulvitis and pruritus are very minimal
or totally absent. Nearly half of patients with BV have no symptoms. Obstetric complications
include premature rupture of foetal membranes, late miscarriage and postpartum endometri-
tis, whereas pelvic inflammatory disease, post-hysterectomy cuff infection and postabortal
sepsis are some of the gynaecological complications [25].



Management of Abnormal Vaginal Discharge in Pregnancy 51
http://dx.doi.org/10.5772/62599

Diagnosis of BV can be based on the Amsel’s clinical criteria or the microbiological Nugent’s
scoring technique [26, 27]. In Amsel’s criteria, three of the following are required to diagnose
BV: (1) homogenous vaginal discharge; (2) vaginal pH greater than 4.5; (3) positive Whiff test
and (4) presence of clue cells on microscopy. The Nugent’s method relies on the identification
of categories of vaginal microflora based on quantitative assessment of a vaginal gram-stained
smear. The Nugent’s method has been extensively validated in industrialised countries where
assessment of vaginal microflora is an important step in understanding the pattern of flora
association with BV. Culture is the least accurate in making a diagnosis of BV as there is
overgrowth of many vaginal organisms in this condition [5]. Though virtually, all patients with
BV have G. vaginalis isolated on culture, it must also be noted that the organism can also be
cultured in 40-50% of women with normal flora [5].

In pregnancy, BV should be treated with metronidazole 250 mg three times a day (alterna-
tives; metronidazole 2 g single dose, clindamycin 300 mg twice a day; or metronidazole gel)
[5]. The standard treatment of BV in non-pregnant women is oral metronidazole 500 mg twice
daily for 7 days; clindamycin cream 2% on applicator ful (5 g) intravaginally at bedtime for
7 days or metronidazole gel one applicator ful (5 g) intravaginally once or twice a day for 5
days [5, 10, 28].

2.3. Trichomoniasis

Trichomoniasis is the commonest sexually transmitted disease worldwide [5]. It was originally
thought to be innocuous but has now been found to be associated with preterm labour,
premature rupture of membranes, increased perinatal loss and pelvic inflammatory disease
(PID) [5, 29]. T. vaginalis can be identified during perinatal examination in as many as 20% of
women [29].

T. vaginitis is caused by the trichomonas organism, which is a small, flagellated, motile and
anaerobic protozoan. The particular trichomonad responsible for vaginitis is T. vaginalis, which
is the type found in the vagina. Other trichomonads, which include Trichomonas buccalis found
in the mouth and Trichomonas hominis found in the anal canal and rectum, are known but do
not cause vaginal discharge because they cannot survive in the vagina. T. vaginalis has been
demonstrated in the male urethra and prostate gland.

T. vaginalis is usually transmitted sexually. The organism may survive for several hours in
urine, wet towels and even on toilet seats. The possibility of transmission by these routes had
been suggested but not completely proven [5]. Incubation period is 4-20 days with an average
of 7 days. Males are usually asymptomatic, but they can easily infect treated female.

The prevalence of trichomoniasis in pregnancy has been found to be 7.5-19% [14, 30]. A
prevalence of 10.1% has been reported from the Gambia, West Africa [20].

The vaginal discharge of trichomoniasis is malodorous, frothy and profuse, thin creamy or
slightly greenish and may cause itching. The classic yellow—green discharge is found in 20—
50% of patients [5]; more often, the discharge is grey or white. The patient may also complain
of dyspareunia, postcoital bleeding, pruritus vulvae, frequency of micturition and dysuria.
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Characteristically, vulvitis is minimal or absent compared with candidiasis. On speculum
exam, apart from the discharge, a cervical erosion may be seen, and in severe cases, multiple,
small punctuate haemorrhages and swollen papillae may be found on the cervix (“straw berry”
cervix) and vagina [17].

The vaginal pH is usually 5-5.5 in trichomonas infection [17]. Applying litmus to the unlubri-
cated speculum after it has been withdrawn from the vagina easily tests the pH. A saline wet
mount of the swab taken from the vagina or cervix will show motile flagellated protozoa and
leucocytes. Wet mount alone detects 64% infection in asymptomatic women, 75% of those with
clinical vaginitis and 80% of those with characteristic symptoms [5]. The use of culture
(Feinberg-Whittington or Diamond culture) gives a sensitivity of 86-97% [5]. Pap smear has a
detection rate of about 50-86% [5]. Monoclonal antibody staining is also used. It is sensitive
and is reported to detect 77% of those missed on wet mount [5].

Metronidazole is effective in eradicating T. vaginalis administered orally in a single 2 g dose
[5, 10]. Ootrimazole, which is both a fungicide and trichomonacide, can be used intravaginally
usually in pregnancy in the same dosage regime as in candidiasis [5]. In persistent infection,
it is best to treat the patient and her male sexual partner simultaneously.

2.4. Gonorrhoea and chlamydial infection

Chlamydia and gonorrhoea can both cause vaginal discharge in pregnancy and a major cause
of morbidity among women in developing countries [31]. Both infections have been associated
with pregnancy-related complications [32]. These two conditions are prevalent worldwide
particularly in Africa [20]. They are a major cause of acute pelvic inflammatory disease,
infertility and adverse pregnancy outcomes [20].

The prevalence of Chlamydia and gonorrhoea among pregnant women in Africa, in several
studies, is between 6-13% [4, 33] and 2-8% [4, 34], respectively. According to the WHO,
globally new cases of C. trachomatis infection have been estimated as 92 million, including 19
million in Sub-Saharan Africa [35-37]. In Maiduguri, North-eastern Nigeria, Amin et al.
reported a prevalence of 9% [38].

Chlamydia is characteristically asymptomatic [39, 40]. About one-third of patients may have
symptoms including mucopurulent vaginal discharge [5]. The role of Chlamydia in infertility
is well documented [39-42]. Tubal pathology in Chlamydia infection is the cause of infertility
in 10-30% of couples in developed countries and in up to 85% in developing countries [36, 37,
43, 44]. The main cause of tubal pathology is PID. Several different methods to diagnose
chlamydial infection are available. Great studies have been performed in the areas of reliable
methods of diagnosis [40, 45]. Chlamydia culture is considered as the gold standard because it
has near 100% specificity [40, 45]. Because only viable infectious chlamydial elementary bodies
are detected by culture, this is the method of choice for medico-legal issues. The disadvantages
of culture include its low sensitivity and is that it depends on the laboratory inter-personal
experience [46]. Non-culture methods include enzyme immunoassay (EIA), direct fluorescent
staining with monoclonal antibodies (DFA), nucleic acid amplification tests (NAATSs) and
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nucleic acid hybridisation techniques. In the management of chlamydial infection, both the
patient and her infected sexual partner must be treated. It is, therefore, important to screen the
sexual partners and treat those who are infected. With the advent of single-dose therapy,
patients are now diagnosed and treated with the highest convenience and reliability [47].
Antimicrobial groups effective against C. trachomatis include the tetracyclines, macrolides,
quinolones and penicillins [47].

Most women with gonorrhoea are asymptomatic [48]. When symptoms occur, they are
localised to the lower genitourinary tract and include vaginal discharge, urinary frequency or
dysuria and rectal discomfort. The incubation period is only 3-5 days [48]. The vulva, vagina,
cervix and urethra may be inflamed and may itch or burn. Specimens of discharge from the
cervix, urethra and anus should be taken for culture from the symptomatic patients. A stain
of purulent urethra exudates may demonstrate gram-negative diplococci in leucocytes. Similar
findings in a purulent cervical discharge are less conclusively diagnostic of Neisseria gonor-
rhoea. Gram-negative diplococci that are oxidase positive and obtained from selective media
(Thayer-Martin or Transgrow) usually signify N. gonorrhoea. Carbohydrate fermentation tests
may be performed, but in addition to being time consuming and expensive, they occasionally
yield other species of Neisseria. Therefore, cultures are reported as presumptive for N.
gonorrhoea. In addition, other techniques for detecting gonorrhoea include EIA for cervical
swab or urine specimens, DNA probes for endocervical swabs and NAATSs for endocervical
swabs, liquid Papanicolaou specimens, vaginal swabs and urine specimens. Any patient with
gonorrhoea must be suspected of having other STDs and managed accordingly. Treatment
should cover N. gonorrhoea, C. trachomatis and incubating syphilis. Dual therapy has contrib-
uted greatly to the declining prevalence of Chlamydia infection. Therefore, if chlamydial
infection is not ruled out, doxycycline (for non-pregnant women) should be added to ceftriax-
one or azithromycin.

3. Outcome of study on abnormal vaginal discharge among pregnant
women conducted in Maiduguri, Borno State in North-eastern Nigeria

3.1. Goal and objectives

The general objective of the study is to detect the clinical features associated with abnormal
vaginal discharge and antibiotic sensitivity pattern of the causative microorganisms in
pregnant women to improve the early diagnosis and prompt treatment. The specific objectives
were as follows:

1. To determine the prevalence of abnormal vaginal discharge as a presenting complaint in
pregnancy

2. To determine the frequency of bacterial causes of abnormal vaginal discharge in preg-
nancy and symptoms associated with it

3. To evaluate the sensitivity of microbial isolates from the vaginal discharge to antibiotics

53



54  Genital Infections and Infertility

3.2. Methodology

Borno State lies between latitude 10° and 14° north and longitude 14° and 45° east. It is located
in the north-eastern part of Nigeria. Maiduguri is the capital city. The University of Maiduguri
Teaching Hospital (UMTH) is a tertiary health institution and is the only functional teaching
hospital in the north-eastern zone of Nigeria. The 2006 Nigerian provisional census puts the
population of Borno State at 4,151,193 with 1,990,036 females [49].

It was a cross-sectional analytical study. The study population consisted of pregnant women
presenting to the antenatal clinic with complaint of abnormal vaginal discharge while pregnant
women without complaints of abnormal vaginal discharge attending the antenatal clinic of the
hospital served as controls. A sample size of 800, consisting of 400 cases and 400 controls, was
obtained using Taylor’s and Kish’s formulas [50]. Information on sexual and reproductive risk
factors and symptoms was obtained. Vaginal examination was performed, and discharge was
assessed. Endocervical and high vaginal swabs were collected and immediately processed in
accordance with microbiological standard. Infection with Candida species was diagnosed by
microscopy of a saline mount, which showed a highly refractile, round or oval budding yeast
cells, and gram-stained smear of material from the vagina showed gram-positive pseudohy-
phae with budding yeast cells; T. vaginalis was diagnosed by microscopy of a saline mount for
actively motile, spear-shaped flagellates, whereas bacterial vaginosis was diagnosed using
Amesel’s criteria [26]. N. gonorrhoea was identified by typical colonial morphology, reactions to
gram stain, positive oxidase test and sugar fermentation. The antibiotic sensitivity of isolates
was tested by the agar diffusion method on chocolate agar plates using oxoid multi discs with
standard antibiotic concentration.

The computer program SPSS V 20.0 (2010) Inc., Illinois, United States was used to analyse the
results; the association between organisms and studied variables was compared using chi-
square (x?) and Fisher’s exact tests while P value <0.05 was considered significant at 95%
confidence level.

3.3. Results

During the period of study, 1280 pregnant women were seen at the antenatal booking clinic
among which 800 satisfied the inclusion criteria. Four hundred of the pregnant women
complained of abnormal vaginal discharge (cases), whereas 400 had no complaint of vaginal
discharge, giving a prevalence of abnormal vaginal discharge in pregnancy of 31.5%.

Table 1 shows the clinical features associated with vaginal discharge in the study group. Vulval
pruritus was present in 266 patients, and 200 (75%) of them complained of vaginal discharge,
whereas 66 (25%) were in the control group. There was a significant association between
pruritus and vaginal discharge (x*>=1.011, P <0.001). As much as 63% of those without itching
were in the control group. Dysuria showed statistically significant association with vaginal
discharge (x* =44.008, P < 0.000) with 74 (83%) of the 89 patients who complained of dysuria
having vaginal discharge. There was no statistically significant association between dyspar-
eunia and vaginal discharge (x* = 2.082, P = 0.149). The only patient that had vulval wart
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complained of vaginal discharge, there was, however, no statistically significant association

between vulval warts and abnormal vaginal discharge.

1.8%
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wH. gonorrhoea

205 Mil bacte rial growth

Figure 1. (Findings from culture of ECS/HVS from pregnant women with abnormal vaginal discharge (N=400)) shows
outcome of culture and microscopy from vaginal discharge specimens collected from women with complaint of vagi-
nal discharge. The prevalence of positive culture was 77% (308) among the cases and 21.3% (85) among the control
group. Of the 400 patients with abnormal vaginal discharge, the commonest microorganism found was C. albicans, 160
(40%), whereas N. gonorrhoea infection was the least, 1(0.2%). E. coli was isolated in 20 (5%), T. vaginalis in 7 (1.8%),
Staphylococcus aureus in 36 (9%), Klebsiella species in 8 (2%), G. vaginalis in 68 (17%) and Streptococcus species in 8 (2%) of
the pregnant women. Samples from 92 (23%) patients had negative culture.

Feature Case Control Total

1. Vulval itching Yes 200 (75 %) 66 (25 %) 266
No 200 (37 %) 334 (63 %) 534

x*=1.011, P <0.001

2. Dysuria Yes 74 (83 %) 15 (17 %) 89
No 326 (46 %) 385 (54 %) 711

x*=44.008, P =0.000

3. Dyspareunia Yes 25 (61 %) 16 (39 %) 41
No 375 (49 %) 384 (51 %) 759

x*=2.082, P=0.149

4. LAT? Yes 24 (60 %) 16 (40 %) 40
No 376(49 %) 384 (51 %) 760

x*=1.684, P=0.194

5. Vulval warts Yes 1 (100 %) 0(0 %) 1
No 399 (49.9 %) 400 (50.1 %) 799

x*=1.001, P=0.317

aLower abdominal tenderness.

Table 1. Clinical features associated with vaginal discharge in the study group (N = 800).
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Table 2 shows the association between the bacterial isolates and their antibiotic sensitivity
patterns. G. vaginalis was sensitive to augmentin and ofloxacin in 64% of cases. Streptococ-
cus sp. was most sensitive to augmentin and erythromycin in 92% (12/13) and 84% (11/13) of
cases, respectively. N. gonorrhoea was sensitive to augmentin and ofloxacin in 100% of cases
but was 100% resistant to other antibiotics. E. coli was sensitive to cefuroxime and gentami-
cin in 62% and 65% of cases, respectively. Most of the microbial isolates were resistant to
ampicillin and norbactam. Only augmentin had greater than 60% sensitivity rate to all the
isolated microorganisms.

Antibiotics S.aureus  Klebsiella sp. E. coli G. vaginalis  Streptococcus sp. ~ N. Gonorrhoea
Amoxicillin 16.9 10.5 14.2 35.9 0 0

Augmentin® 86 61.5 75 64 92 100

Ofloxacin 75 55 12.5 64 25 100
Ciprofloxacin 64 51 25 9.2 225 0
Erythromycin 45 1.2 25 72 84 0

Cefuroxime 50 50 62 26 50 0

Gentamicin 61 64 65 21 30 0

Ampicillin 25 45.5 0 7.2 0 0

Norbactam 17.5 25 4.2 0 0 0

aAmoxicillin-clavulanic acid.

Table 2. Antibiotic sensitivity rate (%) of isolated bacteria.

4. Conclusion

Vaginal discharge in pregnancy is common, but distinguishing abnormal vaginal discharge
from normal leucorrhoea of pregnancy is challenging. Since findings have showed that the trio
of vaginal candidiasis, trichomoniasis and bacterial vaginosis are common causes of abnormal
vaginal discharge in pregnancy; efforts must be made to exclude these conditions in pregnant
patients presenting with vaginal discharge so that appropriate treatment can be instituted
timely. Finally, gonococcal infection must also be excluded since though it is less prevalent
than others, it is a major cause of morbidity in women in developing countries.
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Abstract

Although infection is one of the preventable causes of human infertility, it is always
missed or neglected. History of urethral discharge has been reported in about 45% of the
black men attending the outpatient clinic with infertility complaint.

Implicated in this aspect is sexually transmitted disease (STD), including chlamydia, gon-
orrhea, and human immunodeficiency virus (HIV). Nonsymptomatic chronic prostatitis
and seminal vesiculitis have been associated with poor semen quality and infertility. In-
fection may affect male fertility in different ways, including impairment of spermatogen-
esis, induction of autoimmune mechanisms, obstruction of the ejaculatory ducts, and
dysfunction of the ejaculated sperms, decrease in the motility of the spermatozoa, and in-
duction of reactive oxygen species (ROS).

In this chapter, the following points are discussed: 1. Types of genital tract infections that
may cause infertility. 2. Prevalence of infection in infertile males. 3. Mechanism by which
genital tract infection can cause infertility. 4. Fertility preservation by early diagnosis and
treatment of STD. 5. Future perspectives.

Keywords: Infections, Urinary tract infections, Infertility in males, Sexually transmitted
diseases, Chlamydia, Gonorrhea

1. Introduction

Infertility can be defined as a failure to conceive in a couple trying to reproduce for a period
of 2 years of constant unprotected sex [1]. Of all sexually active couples, 12-15% is infertile [2].
Male component represents around 50% of the time either in isolation or in combination with
afemale factor [1, 3]. Infertility can be attributed to many causes. Infectious agents can interfere
with the reproductive function in both sexes. Infections of male genital urinary tract account
for about 15% of the case of male infertility. Different sites can be affected in the male repro-
ductive system, such as the testis, epididymis, and male accessory sex glands. Spermatogenesis
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itself can be affected by urogenital infections at different levels of development, maturation,
and transport of spermatozoa. These infections can be both sexually transmitted and non-
sexually transmitted. Among the most common microorganisms involved in sexually trans-
mitted infections, thus interfering with male fertility, are the Chlamydia trachomatis and Neisseria
gonorrhea. Less frequently, male infertility may be due to nonsexually transmitted epididymo-
orchitis, mostly caused by Escherichia coli. Infections of the lower genital tract seem to have
little importance. However, such infections, as well as those involving other parts of the male
genital urinary tract, may cause a microbial colonization of the semen [4].

2. Types of genital tract infections that may cause infertility

Epididymitis usually caused by gonorrhea, tuberculosis, chlamydia, urea plasmas, Pseudomo-
nas, and coliform. Orchitis usually caused by mumps and tuberculosis. Tuberculosis and
trichomoniasis are implicated in seminal vesiculitis. Urethritis usually caused by gonorrhea,
chlamydiae, ureaplasmas, and trichomoniasis [5-10].

Many infectious organisms can affect fertility. These organisms include bacteria, viruses,
yeasts, parasites, tropical infections, and other rare conditions.

2.1. Bacterial infections

Urethritis caused by Neisseria gonorrhea can affect fertility only if the testes were affected in
rare situations. After the human immunodeficiency virus (HIV) epidemicin Western countries,
more sexual precautions and hygiene were adopted, and this lead to marked decrease in the
incidence of N. gonorrhea infection in the male genital tract [5].

Chlamydia trachomatis can affect both sexes but has a much greater impact on females than on
males. Chlamydial infections may remain silent [6]. In men, C. trachomatis is the most common
agent of nongonococcal urethritis, particularly serovars D and K and may cause epididymitis-
orchitis, prostatitis, and sperm tract obstruction, in this way, impairing male fertility [7]. When
Chlamydia trachomatis incubated with human spermatozoa in vitro, it seems to impair sperm
motility, and cause premature death, perhaps as an effect of the chlamydial lipopolysaccharide
[8]. There is evidence that an infection by trachomatis is related to the production of antisperm
antibodies (ASA) that may affect fertility [9]. Also, an infected male partner, even if asympto-
matic may transmit the infection to his female partner [10]. Also, results of human and animal
inoculation studies support the notion that ureaplasmas are a cause of nonchlamydial and
nongonococcal urethritis (NGU) in men [11]. According to a study, overnight incubation with
Mycoplasma hominis can produce small but statistically significant differences in motility,
morphology, and fertilization potential inhuman spermatozoa [12]. In addition, Urea plasma
urealyticum is associated with the production of reactive oxygen species [13].

Escherichia coli are the most common cause of nonsexually transmitted epididymo-orchitis and
are involved in the 65-80% of total acute or chronic prostatitis cases. E. coli may, therefore, be
implicated in the genesis of infertility [14].
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2.2. Viral infections

Adverse semen analysis parameters (poor sperm count and reduced motility) have been
reported in infertile patients with positive herpes simplex virus (HSV) in semen. These adverse
parameters were reversed after initiation of antiviral treatment [15].

Human papilloma virus (HPV) was found in testicular biopsies of azoospermic men, and when
present inside sperm cells, they may be related to impaired sperm motility and asthenozoo-
spermia [16]. It was found that there is an association between HPV and infertility, particularly
between the presence of these agents and tubal factor infertility that cause a sort of infertility
[16]. HIV may impair semen production by itself and certainly deteriorates the outcome of
concomitant genital infections; in addition, the specific anti-HIV therapies can cause serious
effects on the male reproductive system [17].

2.3. Fungal infections

Candida albicans commonly colonizes the urethra. It can be found in the semen and may affect
in vitro fertilization. C. albicans has an inhibitory effect on human sperm motility and impairs
the ultrastructure of human spermatozoa, which could be associated with male infertility [18].

2.4. Protozoa infections

Trichomonas vaginalis is a common parasite of the male genital tract. The organism can, in rare
cases, cause a nongonococcal urethritis, prostatitis, and other genital tract disorders. Protei-
nases released by T. vaginalis can also inhibit sperm motility in vitro, even after the microor-
ganism has been removed from the culture medium [19].

3. Prevalence of infection in infertile males.

Infections of male genital urinary tract account for about 15% of the case of male infertility.
Different sites can be affected in the male reproductive system, such as the testis, epididymis,
and male accessory sex glands. Spermatogenesis itself can be affected by urogenital infections
at different levels of development, maturation, and transport of spermatozoa [3].

Leucocytospermia has been reported among 10-20% of infertile male patients. Twenty-five
percent of patients with abnormal semen function have been proved to have antibodies to C.
trachomatis [5-9, 20].

4. Mechanism by which genital tract infection can cause infertility

Infection may affect male fertility in different ways, including impairment of spermatogenesis,
induction of autoimmune mechanisms, obstruction of the ejaculatory ducts, dysfunction of the
ejaculated sperms, decrease in the motility of the spermatozoa, and induction of reactive
oxygen species (ROS) [4-12].
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5. Fertility preservation by early diagnosis and treatment of sexually
transmitted disease

The organisms involved in sexually transmitted diseases (STDs) can be diagnosed nowadays
with accuracy by the polymerase chain reaction (PCR) technique using the primer pairs that
are specific for each organism. This gene amplification technology can amplify the DNA of the
organism in any sample up to 1 million fold in few hours. The traditional approaches like the
in vitro culture system or the DNA hybridization techniques are less accurate than the gene
amplification technique [21].

6. Future perspectives

The preventative screening campaign can be effective in reducing the incidence of infection-
related infertility. On the horizon, chlamydial and gonococcal vaccines may be seen in the near
future [21].

7. Conclusion

Infectious agents can affect fertility in male. This can be done through different mechanisms.
They can cause inflammation in different parts of male genital tract and affect sperm count,
motility, and quality.
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Abstract

Male infertility can have different causes, one of which may be the presence of etiologic
agents that cause sexually transmitted infections. Among the most important sexually
transmitted infections are human papillomavirus and Chlamydia trachomatis, which are as-
sociated with infertility in females — whether they cause infertility in men is controversial.
The purpose of the chapter is to review the effect of these two pathogens on male fertility,
the evidence suggests that the most important infertility effect is linked to the condition
of the sperm. However, it is noteworthy that there are few studies with respect to infertil-
ity in regard to both pathogens, so it is important to further research this to elucidate the
mechanisms by which these pathogens act on male infertility.

Keywords: Human papillomavirus, Chlamydia trachomatis, male infertility, sperm, infertil-
ity

1. Introduction

Sperm production is considered a complex process that can be affected by many factors, such
as infections by viruses or bacteria. These may cause changes in motility, shape and sperm
function. This chapter reviews the role of human papilloma virus (HPV), the bacterium
Chlamydia trachomatis (C. trachomatis) single infections and co-infection by both pathogens in
male infertility.

2. Human papilloma virus

HPV belongs to the family Papillomaviridae. Members of this family are small viruses of 45-
60 nm in diameter with icosahedral capsid. This family includes more than 189 genotypes,
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which are distributed in 29 genera [1, 2]. The main features of human papillomavirus are listed

in Table 1.

Human Papillomavirus

Chlamydia trachomatis

Type of biological agent Virus Bacteria

Size 45-60 nm 200-400 nm

Morphology Icosahedral capsid Body elemental body and reticulum
Genotypes 189 genotypes 15 genotypes

Cellular position Intracellular Intranuclear

Clinic manifestations

Sexually transmitted infection
Warts

Nonspecific lesions

Squamous intraepithelial lesions

Cervical cancer and laryngeal

Sexually transmitted infection
Trachoma

Pelvic inflammatory disease
Lymphogranuloma venereum

Infertility

Infertility

Table 1. Features Human Papillomavirus and Chlamydia trachomatis

The HPV genome consists of double-stranded DNA and is divided into three regions: the long
control region (LCR), the early region (E), and the late region (L). Late proteins L1 and L2 code
for capsid proteins [3, 4]. Region E is involved in the formation of non-structural proteins (E1-
E7). E1 and E2 genes are involved in viral replication and transcription. E5, E6 and E7 genes
encode proteins involved in oncogenesis related to HPV. E6 and E7 are involved in the viral
transformation process, binding cellular proteins p53 and Rb, respectively, interfering with
the cell cycle and inhibiting apoptosis [5].

The infection of HPV in both women and men may be asymptomatic or manifest itself in
different forms: typical is the wart. However, atypical squamous intraepithelial lesions may
culminate in the development of cancer. This has been studied particularly well for cervical
cancer [5], leading to an increased investigation in this area. Because infection with this virus
can be initially hard to detect it can allow progress to a chronic persistent infection or can cause
changes in the infected cell disrupting the normal cell cycle. HPV is generally associated with
cancer [6].

Ithas been established that genital tract infections have an effect on fertility, however, the effect
of infection with HPV remains uncertain. It is recognized that HPV is one of the most common
sexually transmitted infections in the world. There have been various studies that show a wide
range in prevalence (from 1.4% to 44%) in the general population [7, 8]. Specifically it is
reported to cause 16% infertility in men [9]. A review indicated that prevalence may be between
1.3% and 72.9% [10].

Moreover, male infertility is multi-factorial, including etiologic agents. The human papilloma
virus has been identified as a possible cause of male infertility, but not all studies confirm the
mechanisms by which this happens.
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There have been controversial studies on the role of HPV on fertility. A study reported that in
infertile couples only 7.8% were positive for DNA from HPV genotypes, however, in this study
it was reported that it does not have an effect on semen quality [11]. Other studies show that
HPV is reported in infertile couples.

Different studies have linked infection with HPV in men with different clinical symptoms such
as: genital warts, anal or penile intraepithelial lesions and different types of cancer in different
regions — penis, anus, prostate and urethra [12, 13]. It has been found that human papilloma-
virus could be infecting and persisting in different areas, such as the male accessory glands,
penis, exfoliated cells, semen and sperm. Some research into these effects is referred to below.

In a study, it was reported that patients with accessory gland infection and HPV have been
diagnosed with infertility. It was observed that there are significant changes in sperm quality.
Particularly, there is a slight lower sperm motility, despite to have normal morphology,
indicating that the co-infection could be an additional risk factor for infertility [14]. Moreover,
infection has been observed in epithelial cells and exfoliated cells [15].

Studies in men showing persistent HPV (penis and semen samples) indicated higher levels in
the penis (22.5 months) than in semen (15.3 months). This may demonstrate that men can
transmit the disease to women despite being asymptomatic [16]. Different genotypes have
been found in infertile men such as HPV-45, HPV-52, HPV-18, HPV-59 and HPV-16, which
have been recognized as high-risk genotypes [11, 17]. It has been observed that HPV can infect
both sperm and cell desquamation [18]. However, another study showed that sperm have low
motility [19, 20].

Different techniques have been used in the diagnosis of HVP: in situ hybridization, dot blot,
hybrid capture, real-time PCR, ELISA peptides, fused E6/E7 [21, 22, 23]; these methods have
allowed a more accurate and timely diagnosis. The description of existing diagnostic methods
is not discussed here, but it is important to mention that each has its own advantages and
disadvantages — new technologies have become more accurate in diagnosis.

Penis

Glans / corona

Perianal area

Urethra

Semen \

Figure 1. Pyramid showing the greatest location HPV in men, beginning with the penis at the top of the pyramid and
the semen ending at the base of the pyramid.
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Among the most studied area of HPV is the association with penile, larynx, head and neck
cancers. It is estimated that HPV is the causative agent of 5% of human cancers [24].

In the review of Silva et al., 2013 data show a prevalence in men, for different anatomical
regions, in this order: penis, glans/corona, scrotum, perianal area, urethra and semen (Figure
1). This author also mentions that prevalence depends on the area, the technique used in
detection and the geographical location of the patient [23].

3. Chlamydia trachomatis

In 1907, Chlamydia was first observed in the epithelium of a conjunctival scraping from an
infected orangutan. This discovery is attributed to Halberstaedter and von Prowazek [25].
However, for years, trachoma was known as a blinding ocular disease in humans [26].
Although, Macchiavello reported the culture of trachoma agent in 1944, Tang and coworkers
have the credit for their culture. The use of McCoy cells by Gordon and Quan was a major step
to understanding chlamydial infections [27, 28]. Nowadays, it is well known that Chlamydia
trachomatis is an intracellular pathogen and a gram-negative bacterium. In order to infect new
cells, it must complete a bi-phasic developmental cycle. It contains approximately IMB of DNA
and 1000 open-reading frames (ORFs), which is considered a small genome [28]. The main
features of Chlamydia trachomatis are listed in Table 1.

Chlamydia trachomatis can cause several clinical complications, especially in women. This
bacteria not only affects the health of individuals in certain countries, it is a worldwide problem
with high prevalence. For instance, it has been reported as the most common infection in the
United States since 1994. The costs and the consequences of the Chlamydia trachomatis infection,
make it a major health problem [27, 28, 29, 30]. In most cases it is asymptomatic leading to an
untreated infection. It is reported that in approximately 50% of men and in 75% of women the
primary infection does not show any symptoms [31]. However, it is estimated that the ratio of
infected people with Chlamydia who develop symptoms vary depending on the study and the
methodology. One major consequence in women is the pelvic inflammatory disease (PID),
which is a cause of infertility. Also, there is the risk of passing the infection to the fetus in
pregnant women [32, 33]. Main complications in women, which are the most affected, include:
urethritis, endometritis and mucopurulent cervicitis. In men it can cause urethritis [29].

According to the World Health Organization (WHO), 101 million chlamydial infections are
detected annually worldwide [34]. In adolescents and young adults between 12 and 24 years
old the prevalence of Chlamydia is higher. For example, it was reported that in the United States
the cases of Chlamydia Trachomatis were frequent in the young population (<25 years old) [11].
Since young adults are in an age of sexual activity, it is a population with high-risk, therefore
a higher susceptibility. In general, there are few data on the prevalence of Chlamydia in certain
parts of the world. Most of the studies usually focus on some populations with small samples.
For example, in a study carried out in Argentina (2015), 204 participants with an average age
of 19 were screened for Chlamydia trachomatis. It was found that the prevalence was of 3.5% [31].
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In Germany (2012) they studied a population of 1003 sexually active volunteers, they found a
prevalence of 4.3% in women and 4.6 % in men [35].

As a mention before, Chlamydia can be a ‘silent’ infection. However, symptoms can appear
after several weeks of the first exposure with the bacterium. Symptomatic infected men
typically present a mucoid or watery urethral discharge and dysuria. An uncommon clinical
signal is the development of epididymitis with unilateral testicular pain, tenderness and
swelling. In women, some clinical signs include mucopurulent endocervical discharge, pyuria,
dysuria and urinary frequency. If the infection spreads to the upper reproductive tract, the
typical symptom is abdominal and/or pelvic pain, along with signs of cervical motion tender-
ness and uterine or adnexal tenderness on examination. It is worth mentioning that Chlamy-
dia can also be found in the throats of women and men. Also, chlamydial conjunctivitis can be
found in both men and women due to contact with infected genital secretions [28].

The effects of Chlamydia trachomatis infection in men have focused on semen parameters.
However, the results of these studies have shown opposite outcomes. Some claim that there
is not an association between the infection and the poorest semen quality. On the other hand,
in some literature it has been reported that Chlamydia trachomatis atfects semen quality. These
contradictory results could be due to the different methodologies and techniques used, which
can be difficult to compare [36, 37].

There are several methods available to detect Chlamydia Trachomatis. Cell culture is one of the
traditional screening techniques to identify this pathogen. Briefly, this method consists of
inoculate specimens (i.e., urethral swabs) in a monolayer cell culture. A stain is used to observe
chlamydial inclusions. The specificity is 100%, however it can take up to 72 hours to observed
sufficientviablemicroorganisms[38]. Recently, themolecularmethodsof detectionhave proved
to be a useful tool in diagnosis. One of the first molecular methods was the in situ hybridiza-
tion. However, this technique was not sensitive enough. Polymerase chain reaction (PCR) and
ligase chain reaction (LCR) are useful to detect Chlamydia trachomatis infections in asymptomat-
ic patients and populations with low prevalence [39]. Other methods include the identifica-
tion of antibodies in serological samples. However, serological tests have several limitations,
one example of these is that there is no specific Chlamydia trachomatis antibody test [40].

The most recent development is the real-time or quantitative PCR that detects Chlamydia
trachomatis DNA copy numbers. The advantage of this method includes high sensitivity and
specificity, also it is a less time-consuming method. It is very clear that there have been
improvements in Chlamydia detection. However, there are still several challenges such as the
creation of lower cost tests without sacrificing any accuracy or speed obtaining results [39].

4. Co-infection of HPV and Chlamydia trachomatis

It has been confirmed in different studies that HPV can be part of a co-infection with Chlamy-
dia trachomatis. This is important since sexually transmitted diseases and there association with
the development of cancerous and precancerous lesions has been shown in several studies. In
Honduras, in women aged 18-35 years, the prevalence of Chlamydia trachomatis and HPV was
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found to be 6% and 28%, respectively; 19 genotypes were detected — proving to be the most
common were HPV-5 and 11 [41]. In a previous study of our working group we found that of
77 patients with squamous intraepithelial lesions 13% had a co-infection with HPV and
Chlamydia trachomatis; 46% only HPV infection and 13% only Chlamydia trachomatis infection [42].

In another study, it was found that patients with Chlamydia trachomatis and HPV had a
prevalence of 74 %. However, only 13% of patients were negative to HVP and positive to
Chlamydia trachomatis [43]. In the case of sexually transmitted infections Chlamydia trachoma-
tis was found in 50% and HPV in 30% [44]. Other studies show that Chlamydia trachomatis
infection is associated with multiple HPV genotypes and changes in signaling mechanisms in
cancer and precancerous lesions [45, 46].

As mentioned in the above paragraphs the relationship between infection of HPV and
Chlamydia trachomatis is confirmed, however, few studies exist regarding infertility in men with
high prevalence. It has been found that men who have HPV present Chlamydia trachomatis
82.8% compared to a negative HPV of 17.2% [47]. In another study a prevalence of HPV in the
semen of men with conjugal infertility was of 38.5 %, meanwhile the prevalence of Chlamydia
trachomatis with HSV (types 1 and 2) was 9.6 % [48].

There are few studies showing the association of the two pathogens as co-factors with male
infertility, however, there are multiple studies showing their coexistence, so it is important to
know how each of these pathogens affects infertility.

5. HPV and Chlamydia trachomatis co-infection in the decrease of sperm
quality

It has been written that the cause of infertility may be multifactorial and its etiology — viral and
bacterial agents — is of particular interest because of its prevalence. HPV and Chlamydia
trachomatis are common sexually transmitted infections that could be associated with infertility.

Infection with HPV has been identified as one of the possible causes associated with male
infertility, although the mechanisms that may be using this virus are not yet clear. However,
itwas found that HPV can act both at conception and gestational development. Although there
are different places where HPV may be infecting, as mentioned in the first section, the main
concern linked to infertility is regarding the quality of sperm [18].

Other studies confirm this last statement which demonstrates a significant reduction in sperm
motility while other parameters were not affected (semen volume, pH, normal morphology,
viability, sperm concentration) [49] and cell desquamation. Sperm infected by HPV can go on
to introduce the virus to the oocyte when being fertilized, which can have different conse-
quences such as underdevelopment of the fetus. It has been observed that couples undergoing
in vitro fertilization and abortion are at high risk of HPV from semen samples [18]. Therefore,
diagnosis of HPV should be included in the diagnosis of infertility especially when considering
cases of pregnancy loss [20] (Figure 2).
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Figure 2. Effect of human papillomavirus and Chlamydia trachomatis in sperm

Currently, molecular techniques have detected HPV in different samples (i.e. semen, scrape
of the epithelium in different parts of the masculine reproductive apparatus) in heterosexual
men with a maximum prevalence of 21 % [50]. Another molecular technique, fluorescent in
situ hybridization has allowed location of HPV on the sperm head and on the surface of sperm
cells. The presence of the virus on the surface of sperm suggests that glycosaminoglycans, or
soluble factors similar in chemical structure, could be involved in the binding of the sperm
and HPV [49, 51]. Another study demonstrated that glycosaminoglycans syndecan-1 protein
may be the unifying factor, particularly HPV L1 capsid protein because it has been unable to
locate these two molecules in the sperm head [18]. We suggest that this may be a feature that
explains infertility due to the fact that HPV on the head of the sperm, and on its surface, may
prevent entry of the sperm to the egg because of steric hindrance since receivers can be
occupied by HPV. On the other hand if fertilization is accomplished then infection of the
embryo may occur. HPV in this manner could affect male fertility and that of the couple.

Despite this evidence understanding has not been achieved fully regarding the role of HPV in
male infertility so the study of Chlamydia trachomatis as a co-factor was suggested.

With respect to Chlamydia trachomatis they have been reported in several studies as a major
cause of female infertility [52, 53, 54]. However, male infertility has not been investigated as
thoroughly.

Chlamydia trachomatis, as a sexually transmitted disease, is suggested as a factor that may be
involved in the infertility of the couple. Recent studies have shown that Chlamydia trachoma-
tis infection has shown an important role in chronic prostatitis [55] that could allow Chlamydia
trachomatis to move to different areas of the male reproductive system allowing the infection
to reach areas of sperm production.

It has been suggested that the cause of apoptosis of sperm is the lipopolysaccharide of the
Chlamydia cell wall [56, 57] (Figure 2). This effect is even more serious because it would kill the
sperm, preventing fertilization due to a lack of sperm, giving the bacteria a central role in male
infertility.
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There is little research studying the effect of these two infections as co-factors in regard to male
infertility. In a study of men from Denmark it was reported that Chlamydia trachomatis infection
may be a risk factor that allows the acquisition of an additional type of a genotype of HPV [57].
In amultivariate analysis, it was found that infection with Chlamydia trachomatis is significantly
associated with HPV [59].

It is proposed that co-factors such as genital tract infections could have an important role in
the evolution and outcome of HVP. For example, the association of HVP with Chlamydia
trachomatis could be associated with increased risk of cervical cancer and with the reduction
in cell mediated immunity [60]. This was reported in the cervix, but the same could be
happening in the male reproductive system. Therefore, Chlamydia trachomatis infection could
be a predisposing factor for the acquisition of HPV factor, which becomes more relevant if we
consider that more than 50% of Chlamydia trachomatis infections are asymptomatic in men [61].
It has been observed that men with Chlamydia trachomatis infection are at increased risk of
contracting an HPV infection [47].

In a study, it was found that heterosexual men, with prostatitis symptoms attributable to
Chlamydia trachomatis and with papillomavirus had a lower motile sperm motility. Also, the
morphology was lower compared with patients that were infected only with Chlamydia
trachomatis. However, the results did not show any significant relationship depending on the
HPV genotype presented [62].

Both HPV and Chlamydia trachomatis are sexually transmitted infections that have become
important because of their prevalence, and it has been suggested that their association may be
related to the development of other complications, as in the case of sperm quality.

In conclusion, the presence of Chlamydia trachomatis plays an important role in male infertility
as well as sperm production and also facilitates entry of HPV, which contributes to a large
degree the affectation of sperm. Therefore, HPV and Chlamydia trachomatis, and their associa-
tions, are two important pathogens that should be included in diagnostic tests for male
infertility and the infertility of couples.
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Abstract

Microbial infections can happen on a daily basis. There are specific microbial infections
that are associated with the reproductive health. Infertility is a devastating health prob-
lem. It is estimated that out of 15% of infertility worldwide, around 50% is due to male
partner. Infections due to Chlamydia trachomatis, Mycoplasma genitalium, hepatitis B virus,
tuberculosis, Streptococcus faecalis, and mumps are found to be associated with male infer-
tility. Although most of the life-threatening microbial infections have dramatically de-
clined since the introduction of the childhood vaccination program, there are concerns
about few outbreaks and the associated risk of male infertility. This chapter deals with
few microbial infections, their association with male infertility, prevention, symptoms, di-
agnosis, treatment, and control measures.

Keywords: Microbial infections, male infertility, genital infections, Streptococcus faecalis,
Chlamydia trachomatis, Mycoplasma genitalium

1. Introduction

With enormous growth of population, India ranks second in world with 1.28 billion. Rather
population growth is a major concern, yet infertility is a devastating health problem. According
to World Health Organisation (WHO), infertility is the inability of the female partner to attain
pregnancy after 1 year or more of the unprotected sex. Infertility affects about 15% of the couple
of which half of the reproductive problems are associated with the male counterpart [1]. Many
factors, including genetic causes, intoxication, microbial infections in genital tract, changes in
lifestyle, stress, and the recent trend of late marriages, contribute to this occurrence. Table 1
highlights infertility due to male genital infections. Despite enormous progress in the under-
standing of human reproductive physiology, the underlying cause of male infertility remains
undefined in about 50% of cases, which are referred to as idiopathic infertility [2, 3].
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STD:Chlamydia trachomatis and Mycoplasma genitalium

Urinary tract: Streptococcus faecalis

Orchitis: Small pox, mumps, measles, and tuberculosis

Damaging spermatozoa: Hepatitis B viral infection

Table 1. Male genital tract infections that may cause infertility

2. Rationale

Globally, 5.0-7.0% of the general male population was affected by infertility and the trend may
increase in the future, considering the apparent decline of sperm count in industrialized
countries [4]. Male infertility, a multifactorial complex disease, has been a source of concern
in India lately. Recent statistics reports that the percentage of male infertility has elevated to
60% now against 40% in 1980s (New Indian express, 2015). The magnitude of the problem calls
for urgent action, particularly when the infertility is avoidable in the majority of cases.

3. Causes of male infertility

Primary (when no pregnancy has ever occurred) and secondary (there has been a pregnancy,
regardless of the outcome) infertility are the two forms of infertility. The former is found in
67-71% and latter in 29-33% of patients, respectively. Approximately 50% of the infertility is
due to male of which 30% is due to male factors and 20% with both male and female factors.
However, in approximately 30% of cases, the origins of reduced male infertility are unknown
called as idiopathic. Male infertility has been associated with several genetic and nongenetic
conditions.

3.1. Molecular genetics of male infertility

Genetic abnormalities, such as numerical and structural chromosomal abnormalities, were
identified in men with unexplained oligozoospermia and azoospermia [5]. Chromosomal
disorders, mitochondrial DNA (mtDNA) mutations, monogenic disorders, and multifactorial
disorders are the genetic factors involved in male infertility.

3.1.1. Chromosomal disarrays

Renowned chromosomal abnormalities, such as Klinefelter syndrome (XXY) and specific
translocations are well-documented causes of male infertility [6]. Point mutations in the
androgen receptor and the cystic fibrosis transmembrane conductance regulator (CFTR) gene
commonly associated with congenital vas deferens abnormalities are the two important gene
defects conclusively associated with spermatogenic failure.[7]
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3.1.1.1. Y chromosome microdeletion

Microdeletion of the long arm of the Y chromosome (Yq) is one of the prominent causes of
male infertility. It was shown by 13% of azoospermic men, 1-7% of severely oligozoospermia
men, and 5% of men with severe primary testicular failure and with a sperm density of less
than 5 million/mL [6]. Recombination events between long stretches of highly repetitive DNA
sequences during meiosis or early preimplantation development cause de novo deletions of
Yq [8]. Intracytoplasmic sperm injection (ICSI), an artificial reproduction technique, may allow
for the transmission of Y chromosome microdeletions to the next generation [9].

3.1.1.2. Mutations in Mitochondrial DNA

Mitochondria have their own genome, capable of producing many essential components of
the respiratory chain, which in turn have a profound blow on sperm motility. Environmental
and genetic factors may affect the quality and quantity of sperm production. Adenosine
triphosphate (ATP) production by sperm mitochondria is essential because of the high demand
of energy for these cells [10].

3.1.1.3. Monogenic disorders

Monogenic genetic disorders are an inherited disease controlled by a single pair of genes. Such
disorders are inherited in a simple pattern according to Mendel’s laws. Male infertility is
associated with 50 monogenic disorders.

3.1.1.4. Complex or multifactorial disorders

Complex or multifactorial disorders result from mutations in multiple genes, often together
with environmental causes. A mutation (C677T) in the gene, methylenetetrahydrofolate
reductase (MTHFR), is known to increase susceptibility to various multifactorial disorders [11].

3.2. Nonheritable causes of male infertility

Nonheritable causes include genital infections, hypogonadotrophic hypogonadism, testicular
maldescence, structural abnormalities of the male genital tract (obstruction of spermatic ducts,
agglutination of sperm), impotency, previous scrotal or inguinal surgery, varicoceles, chronic
illness, medication, exposure to chemicals, environmental factors, and immunological causes.

3.2.1. Hormonal causes

Fertility is questioned when endocrine system is affected on exposure to certain environmental
compounds. Elevated concentrations of luteinizing hormone (LH) and follicle-stimulating
hormone and low concentrations of gonadal steroids cause gonadal failure, a reason for
infertility. In the male, elevated concentrations of LH can result from hypergonadotrophic
hypogonadism (HH), which could be due to various reasons, such as primary testicular failure,
seminiferous tubule dysgenesis (Klinefelter syndrome), Sertoli cell failure, and anorchia [12].
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3.2.2. Hypogonadotrophic hypogonadism

Patients with this condition show decreased levels of gonadotrophins.

3.2.3. Erectile dysfunction

Of all males are affected by impotence or erectile dysfunction and can be emotionally and
psychologically disabling for men and their partners; 80% of erectile dysfunction cases may
be due to physical factors, such as drugs, blood flow abnormalities, nerve impulse abnormal-
ities, and hormonal abnormalities. Remaining cases may be due to psychological factors and
may be attributed to stress, performance anxiety, or misinformation about sexuality.

3.2.4. Previous scrotal or inguinal surgery

Gonorrhea and chlamydia cause acute inflammation of the scrotal contents (usually unilateral)
in young men. Painless swellings in the scrotum are common. Most of these are small, round,
epididymal cysts, or spermatoceles, and no investigation or treatment is required [13]

3.2.5. Varicocele

Varicocele, a condition of palpably distended veins of the pampiniform plexus of the spermatic
cord, is the most common identifiable cause of male subfertility [14].Varicoceles feel like a bag
of worms in the scrotum and can be associated with infertility [13]. “Subclinical varicocele”
refers to a lesion too small to be detected by physical examination.

3.2.6. Exposure to chemicals

Various chemicals have been implicated as reproductive toxicants. Air pollutants are present
in the blood, urine, and semen of exposed men and may affect sperm quality [15]. Sperm
function tests have shown that high lead levels in semen samples reduce the ability of the
sperm to bind to the egg and also to penetrate and fertilize the egg.

3.2.7. Environmental factors

Decreasing human sperm concentrations worldwide is alarming fact. Sperm morphology is
affected by occupational heat exposure, which is a significant risk factor for male infertility,
resulting in delayed conception. The male reproductive system is particularly vulnerable to
the effects of the chemical and physical environment. This may be due to dramatic events or
to endemic conditions of the environment, which involves industrial and agricultural pollu-
tion. Idiopathic male infertility may be due to exposure to environmental toxicants that alter
the reproductive hormones, spermatogenesis, or sperm function. Semen quality has been
shown to be altered on exposure to environmental ozone [16]. Environmental reproductive
hazard studies report that sperm counts have declined in certain industrialized countries.

3.2.8. Immunological factors

Because immunological factors operate at almost every step in the human reproductive
process, antibodies-induced damage to gametes is a major cause of immunological infertility.
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Lifestyle and environmental factors [17], including smoking, can affect gamete, leading to
subfertility/infertility

3.2.9. Genital infections

Acute and chronic genital tract infections are well-known causes of infertility in men. Most
diseases of the reproductive system are sexually transmitted diseases (STDs), which lead to
deterioration of spermatogenesis, impairment of sperm function, and/or obstruction of the
seminal tract. Genital tract infections and antisperm antibody formation in men can lead to
immune-mediated infertility in women [18, 19]. A strong association between inflammation
of the male reproductive system and infertility has been reported [20, 21].

3.3. Sexually transmitted infection by Chlamydia trachomatis and Mycoplasma genitalium

3.3.1. Chlamydia trachomatis

It is well studied that chronic prostatitis (CP) due to C. trachomatis (CT) infection has a
significant impact on a couple’s reproductive health [22]. Tissue culture was an early method
for the diagnosis of CT infection. In this method, bacterium was inoculated with specimen,
such as urine, grown on cell monolayers. However, cell culture was too insensitive for
noninvasive samples, such as urine and semen that were also found to be toxic to the growth
and maintenance of the monolayer [23]. Molecular methods, such as in situ hybridization (ISH)
and nucleic acid amplification testing (NAAT), were early methods used. NAATs were more
effective in detecting asymptomatic chlamydial infection on noninvasive samples, such as
urine. ISH was superseded once the NAAT become widely available. In-house, polymerase
chain reaction (PCR) is the first test used to detect C. trachomatis in clinical samples during the
development of NAAT. NAAT is more reliable because of its high sensitivity, whereas ample
variation in the results was observed with in-house PCR [26]. Molecular methods, such as
ligase chain reaction (LCR) and PCR, showed better sensitivities than nonmolecular methods,
such as enzyme immunoassay (EIA) test or direct immunofluorescence (DIF), for detection of
C. trachomatis antigen [25].

Alternatively, sperm can also be used as a sample for all molecular methods. In case of NAAT,
an important issue to be considered in selecting semen as a test specimen is there are more
NAAT inhibitors [25]. Another difficulty in using sperm as a sample is that during ejaculation,
semen may become contaminated with elementary bodies in the urethra, and also the organism
has the ability to adhere to sperm and is not always removed from sperm by density centri-
fugation prior to intrauterine insemination (IUI) or in vitro fertilization (IVF)/ICSI [25].

3.3.2. CT and male infertility

C. trachomatis can cause urethritis, epididymitis, and orchitis in men, and it is also found to
affect sperm by decreasing sperm motility, deteriorating sperm morphology and viability and
increasing proportion of sperm abnormalities. Nongonococcal urethritis (NGU) is the most
common clinical genital syndrome seen in the male. Both acute and chronic infection can cause
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partial or complete obstruction of sperm transport (oligozoospermia or azoospermia). Chronic
inflammatory changes in the seminiferous tubules in orchitis expected to disrupt the normal
process of spermatogenesis and cause alterations in sperm number and quality [24].

Inflammation may act as a co-factor of infertility. Pressure-induced rupture of the epididymal
duct will disrupt the blood-testis barrier, activate an immunological defense reaction, and
induce the production of antisperm antibodies (ASA) [26]. Kokab et al. found that men infected
with C. trachomatis had lower percent progressive sperm motility, a higher leukocyte count,
and a raised concentration of interleukin (IL)-8 in semen compared with men without infection
[26]. Mazzoli et al., 2010 [26] demonstrated that there is a correlation between C. trachomatis
infection and some important sperm parameters, such as sperm concentration and motility.
The attachment of C. trachomatis to human spermatozoa was first observed immunofluores-
cence tests and transmission electron microscopy. Sperm penetration tests revealed that
spermatozoa, while progressing forward, can carry chlamydiae attached to them [26].
Chlamydial pathology may alter male fertility since male genital organs are potential targets
for CT [28].

Numerous different causes have been observed to affect the sperm, including reactive oxygen
species (ROS) generation and the induction of sperm apoptosis. Other causes include cigarette
smoking, malignancies, elevated body mass index, insulin-dependent diabetes, drugs, and
increasing male age [26].

3.3.3. Mycoplasma genitalium

MG is a member of Mollicutes class, which is of 0.3 um in diameter and it lacks a cell wall. MG
is one of the smallest self-replicating organisms usually present in the human genital tract [25].
In 1981, MG was first isolated from the urethra of two men with NGU. MG is considered as
sexually transmitted infection (STI). Even though there is no STI symptoms associated with
MG, there is a strong association found between risky sexual behavior and MG infection. It is
also found to be strongly associated with area-level deprivation and ethnicity having high
range of sexual risk behaviors. Sonnenberg et al [29] in 2015 reported high prevalence of MG
infection in the United Kingdom at 2.1% in men aged 25-34 years, whereas in women,
prevalence peaked at 2.4% in 16-19 years old and decreased with age.

3.3.4. MG and male infertility

It is suggested that 15% of male infertility is related to genital tract infection. The prevalence
of MG in male of infertile couples found to be higher than normal. The impact of MG infection
on male infertility remains unclear.

3.4. Urinary tract infection by Streptococcus faecalis

The incidence of oligozoospermia and teratozoospermia was significantly (P<0.05) higher in
men whose semen samples contained S. faecalis [30]. Enterococcus faecalis are associated with
poorer semen quality and may warrant treatment [31].
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3.5. Hepatitis B viral infection leading to infertility

Hepatitis B virus (HBV) belongs to the class of Hepadnaviridae has a partially double-stranded
DNA. HBV is 42 nm in size, and it contains a surface antigen called hepatitis B surface antigen
(HBsAg) and the lipoprotein coat [49]. HBV found to be in the blood either in free form, which
is predominate, or a viral particle bound protein form [32].

HBV infection is one of the threatening viral infections causing liver diseases in patients.
According to Ocama et al (2005), approximately 2 billion people worldwide have been infected
with HBV, and around 400 million live with chronic infection [33]. China, with a prevalence
of 9%, has the highest rate of HBV infection in the world. The prevalence of HBV infections in
the Netherlands is 2.2% in 184 men [34]. More than 300 million people in the world are affected
with chronic HBV [35].

Hepatitis is an inflammation of the liver, initially recognized as an illness causing jaundice.
There were two types of hepatitis: infectious/epidemic hepatitis and serum hepatitis. The
HBsAg is responsible for serum hepatitis, which is an envelope protein present in HBV.
Epidemic hepatitis is caused by hepatitis A virus (HAV). There are other viruses, namely
hepatitis C virus (HCV), hepatitis delta virus (HDV), and hepatitis E virus (HDV) [36].

3.5.1. HBV and male infertility

Hepatitis viruses may cause diseases, which can be acute or chronic [37]. HBV antigens were
detected in human semen [38], and it is well established that this biological fluid is a vector
for the spread of HBV [39, 40]. There is an evidence that HBV can be transmitted via germ line
[41]. The genital tract may act as a reservoir and this infection may get transmitted sexually.

HBV infection was found to be associated with reduced sperm function [42], instability of
sperm chromosome, and impaired sperm viability and normal morphology. Recently, HBV
DNA and RNA was detected in oocytes and embryos from HBV discordant couples, confirm-
ing the possibility of vertical transmission of HBV via germ line during IVF. However, the
impact of HBV infection on pregnancy rate and live birth rate is still controversial.

3.6. Small pox, mumps, measles, and tuberculosis infections leading to infertility

Mumps is a condition caused by an RNA virus of the paramyxovirus group. In men, orchitis
is the most common complication. Orchitis develops in 5-37% of all adult patients infected
with mumps [43]. This causes testicular atrophy in 40-70% of patients with orchitis [44].
Orchitis can be unilateral or bilateral. Bilateral orchitis leads to oligospermia and testicular
atrophy in 13% of those patients [45].

4. Symptoms, diagnosis and treatment of the infection

CP due to CT infection is found to have a significant impact on young male fertility. The main
challenge in the chlamydial infection is up to 50% men have asymptomaticinfection [46]. Many



90 Genital Infections and Infertility

young people at risk for of CT infection may not seek sexual health care due to the asympto-
matic nature of the bacterial infection [47]. HBV infection symptoms include nausea, anorexia,
vomiting, flu-like complaints, fatigue, vasculitis, immune complex nephritis, and polyarteritis
nodosa. There are approximately 5 % of adults (especially men) develop chronic HBV infection,
which is often asymptomatic [32].

4.1. Diagnosis

MG can be found using real-time PCR technique or cell culture. MG culture is time consuming
and slow process, and it requires cocultivation in Vero or equivalent cells [26]. Acute HBV
infection has an incubation period of 6 weeks to several months. Most of the infected adults
will show elevations in Alanine aminotransferase (ALT). Patients with acute HBV infection
are mostly seropositive for anti-HBc-IgM antibody, and hepatitis B e antigen (HBeAg) marker
correlates with high infectivity. The presence of antibody to HBeAg (anti HBe) shows a less
infectious state and also HBV-DNA in serum or plasma indicates active HBV infection [50].

4.2. Treatment

Antibiotictherapyintheeradication of C. trachomatis infection doesnot alwaysresultinrecovery
of semen quality. Prulifloxacinisa drugused to treat patients with CP. Combination of antibiotic
drugs and phytotherapeutic agents, such as FERTIMEV, can improve the clinical efficacy of
prulifloxacin. l-arginine, I-carnitine, and acetyl-I-carnitine are found to be effective in increas-
ing semen quality, can stimulate the activity of endothelial nitric oxide (NO) synthase, and can
enhance sperm motility and function. NO synthase appears to be involved in sperm muotility,
metabolism, and capacitation. l-arginine in spermatozoa is a source of NO [29].

Based on Centers for Disease Control and Prevention and the Australasian Sexual Health
Alliance, 1 g of azithromycin is generally recommended as standard treatment for MG due to
its superior cell penetration efficiency. There is an association between MG organism load and
azithromycin treatment failure [50]. However there is also an evidence of azithromycin,
treatment failure is found due to macrolide resistance mutations. Single nucleotide polymor-
phisms (SNPs) in region V of the 235 rRNA gene of MG were found to be strongly associated
with increased MICs to azithromyecin in clinical isolates and treatment failure [28]. Moxiflox-
acin, doxycycline, gatifloxacin, and sitafloxacin are used as second-line treatment for MG [48].
However, its considerable expense and risk of serious adverse events, including hepatotoxic-
ity, make this agent unsuitable for initial treatment. Recent study shows that single-dose
azithromyecin therapy is better than doxycycline therapy in the treatment of MG [51].

Lamivudine, one of the novel antiviral agents, is a deoxycytosine analog, which inhibits HBV
DNA synthesis and suppresses serum HBV DNA levels in chronic hepatitis B (CH-B) patients.
A significant enhancement in CD4-mediated T cell response to HBV nucleocapsid antigen was
detectable after lamivudine treatment. One of the most effective treatments for CH-B is
interferon (IFN) therapy [35].

Active vaccination is highly effective in preventing HBV infection. Active prophylaxis is a
recombinant vaccine. Recombivax HB and Engerix-B are the commercial products available
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[32]. Successful vaccination strategies have led to significant decrease in HBV prevalence [36].
In case of adult patients, 90% of them recover from HBV infection. However, 90% HBV-affected
children <4 years of age develop chronic infection [32].

5. Conclusion

Microbiota refers to the microorganisms present in a particular site. Microbiota when is
disrupted can cause infection on that site. Male genital tract infections are one of the reasons
for male infertility, which can be prevented by proper sanitation. Proper precaution and
awareness should be exercised among population.
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Abstract

The implantation mechanism and process are very complex and require a precise interac-
tion between the embryo and endometrium. The failure to implant is thought to be due to
implantation environment factors or embryonic factors.

A suitable condition of the uterine cavity is essential for successful reproduction. Inflam-
mation can be a part of the normal physiologic process during implantation; however,
there are also pathologic sources of inflammation that can adversely affect the uterine
cavity and endometrial receptivity.

Chronic Endometritis is usually asymptomatic and is defined histologically by the pres-
ence of plasma cells in an endometrial biopsy. It is mostly associated with the gonorrheal
or chlamydial also non-sexually transmitted infections including E-coli, streptococcus,
staphylococcus, enterococcus faecalis, mycoplasma, urea plasma and yeast. However, of-
ten a causal organism can not be identified.

Available evidence suggests that chronic subclinical endometritis is relatively common in
women with symptomatic lower genital tract infections, including cervicitis and recur-
rent bacterial vaginosis and may not be altogether rare even in asymptomatic infertile
women.

Mucopurulent cervicitis is highly associated with chlamydial and mycoplasma infections
and both organisms, in turn, are associated with chronic endometritis, which likely plays
a role in the pathogenesis of tubal factor infertility.

There is also a growing interest in the Microbiome of the reproductive tract. The Vaginal
and Uterine Microbiome have been partially characterized and shown to be related to ob-
stetric outcomes. Given the large number of unexplained IVF failures, it is reasonable to
consider the uterine Microbiome and its impact on female fertility.

Although routine serologic testing, cervical cultures and endometrial biopsies may be dif-
ficult to justify, further evaluation and treatment are appropriate and prudent in infertile
women with clinical cervicitis, chronic or recurrent bacterial vaginosis or other symptoms
that suggest pelvic infection as well as in women with unexplained IVF failures.

Compared to culture-dependent methods, culture-independent methods are estimated to
have increased bacterial detection in the uterine cavity by about 50% and increased num-
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ber of detected species by up to fivefold. The detection of bacteria in the intrauterine cavi-
ty by PCR, in the absence of signs of infection, confirms the proposition of a non-sterile
uterus.

This chapter will focus on chronic endometritis, uterine microbiome and hydrosalpinges
and will review the diagnosis, pathophysiology and the recommended treatments of
these specific inflammatory processes that contribute to implantation failure.

Keywords: Uterine Microbiome, Chronic Endometritis, Hydrosalpinges, Implantation
Failure, Infertility

1. Introduction

1.1. Inflammation and implantation

Implantation has a complex and multistep process and mechanism, resulting in the blastocyst
being embedded in the uterine endometrium, which is often viewed as the rate-limiting step
for the in vitro fertilization (IVF) success. Implantation failure is related to either maternal
factors or embryonic causes. Maternal factors include uterine anatomic abnormalities,
thrombophilia, non-receptive endometrium and immunological factors.

Although uterine abnormalities are considered to have a relevant impact on the chances to
conceive through IVF, conventional infertility investigations, based on ultrasound and
hysterosalpingography (HSG), may miss subtle intrauterine lesions. Fatemi et al. demonstrat-
ed that the prevalence of unsuspected intrauterine abnormalities in hysteroscopy before IVF
ranges from 11 to 45% accordingly, recent reports suggest that hysteroscopy in the cycle
preceding ovarian stimulation, could be useful for patients with recurrent implantation failure
(RIF).Itis well established that the success of embryo implantation depends on embryo quality
and uterine integrity, including endometrial receptivity.

Although embryo quality is the most consistent factor for predicting implantation and
pregnancy rates in IVF patients, this cannot be evaluated independently from uterine integrity
or endometrial receptivity [1, 2].

The definition of RIF remains controversial, generally being defined as failure to conceive
following two or three embryo transfer (ET) cycles, or cumulative transfer of >10 good-quality
embryos [3].

Patients with RIF comprise a heterogeneous group that presents with diverse clinical problems,
and need a thorough evaluation.

Evaluation of a couple with RIF includes assessment of maternal and paternal karyotypes,
testing for antiphospholipid antibodies, and thorough assessment of the uterine cavity,
including sampling of the endometrial lining.
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Endometrial biopsy is one inexpensive and minimally invasive method to assess and study
the physical and hormonal endometrial environment. If abnormalities are identified and

corrected, implantation rates can be improved.

Chronic endometritis (CE) is a persistent inflammation of the endometrial lining. Histologi-
cally, the diagnosis of CE is generally based on finding plasma cells, which infiltrates in
endometrial biopsies [4]. CE is thought to be related to infertility and spontaneous abortion,
and is mostly asymptomatic and rarely suspected clinically [2, 5, 6].

Implantation is believed to be a process with physiologic inflammation, involved with
inflammatory mediators, such as leukocytes, chemokines and other pro inflammatory
mediators [7].

The great effect of inflammation on implantation was shown in mice by the localized implan-
tation defect after the blockade of the pre-implantation cellular influx into one of the two
uterine horns [8]. There is also notable histologic [9] and biochemical [10] supports on the role

of physiologic inflammation in labor at term.

The decidua in human uterus has a great number of immune cells such as macrophages [11],
natural killer (NK) cells [12, 13], T cells [14] and stromal cells [15] capable to produce soluble
factors (e.g., prostaglandins, chemokines and cytokines) involved in regulating the immune
response [16].

Wegmann et al. [17], through the classification of T cells into two subgroups by their cytokine
profile (Th-1 producing INF, interleukin (IL)-2, and Th-2 producing IL-4, IL-5), suggested that
pregnancy takes place in the content of a predominant Th-2 response, and that increase toward
Th-1 levels would decrease the chance of successful pregnancy [11].

Although the discovery of newer cytokines and complexity of the inflammatory response at
the feto-maternal interface has increased the understanding of the role of specific cellular
subtypes (e.g., dendritic cells, natural killer cells, and regulatory T cells) [16] on implantation
and pregnancy, the evidence that a Th-1 response in the human decidua may lead to sponta-
neous abortion remains substantial.

Regardless of how the micro organisms and inflammation effect the implantation, one thing
is clear: the cause, prevalence and results of subclinical infection and inflammation in the
endometrium and their effect on pregnancy failure (infertility, implantation failure, sponta-
neous abortion, preterm birth) deserve great attention as a mechanism of pathology [12].

The presence of high concentrations of endotoxins (components of gram negative Bacteria)
induces a reaction of TH1 inflammatory cells. TH1 cells may predispose a hostile endometrial
environment and thereby cause implantation failure, spontaneous abortion or even premature
labor. Endometritis is also considered to be an inflammatory reaction. In contrast to acute
endometritis, in CE, usually no causal pathogen can be identified.
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2. Chronic endometritis

CE is the continuous inflammation of the uterine endometrium. The prevalence of CE ranges
from 0.8 to 19% in the general population and 0.2 to 46% in patients with infertility, based on
the population type and the diagnostic criteria of the studies [18]. The pregnancy rate following
one cycle of IVF/ET can be as high as 60%. However, even in the very successful units, some
couples fail repeatedly. Failure could be due to many different factors, such as inappropriate
ovarian stimulation, suboptimal embryo culture conditions and faults in ET techniques. CE is
one of the pathologies, which can not be evaluated and diagnosed by HSG and ultrasound,
since it is a subtle abnormality, which is usually asymptomatic or with only mild symptoms.

Kasius et al. demonstrated the histological detection of plasma cells (Figure 1) in the endome-
trial stroma as the gold standard for the diagnosis of CE. It is good to note that even histology
can miss the diagnosis due to the normal presence of leukocytes in the endometrium, mostly
prior to menstruation.

Matteo et al. [18] showed that CE may reduce endometrial receptivity and may cause infertility
because the endometrium is characterized by an abnormal pattern of lymphocyte subsets and,
consequently, an aberrant endometrial microenvironment.

Inarecentstudy by Cicinelli et al in 2014 [29], it was demonstrated that in women with repeated
abortions, CEis a frequent finding and that women who received adequate antibiotic treatment
had a significantly higher rate of successful pregnancies compared with women who were not
treated or with persistent disease.

Moreover, in a research study by Quaas and Dokras [109], CE was identified in 30.3% of
patients with repeated implantation failure at IVF, and women diagnosed with CE had lower
implantation rates (11.5%) after an IVF cycle.

2.1. Chronic endometritis and IVF

Although CE has been related to infertility and recurrent abortion, it is usually asymptomatic,
and the diagnosisis rarely clinically suspected [13]. It has also been demonstrated that a present
or a recent inflammation of the upper genital tract can affect uterine receptivity and be
implicated in worse results in IVF and ET (IVF-ET) [19].

The uterine cavity and its receptivity, despite the constant progress in the assisted reproductive
technologies, seem somewhat left behind [20]. ET and implantation are the stages of IVF
procedures that have the highest failure rate, and it seems that endometrial abnormality is an
important causative factor in this failure. Consequently, any endometrial abnormality should
be detected and treated before an IVE-ET cycle to improve pregnancy rates [21].

Approximately, 8% of all couples seek for infertility treatment during their reproductive life.
Although the frequency of infertility etiologically depends on the population studied, pelvic
infections and their sequelae have been considered important causative factors. CE has been
related to infertility and recurrent abortion, particularly because it could affect uterine
receptivity and embryo implantation [22].
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Reproduced with the permission from Polisseni et al. [5]. Copyright © 2003. Detection of Chronic Endometritis by Diag-
nostic Hysteroscopy in Asymptomatic Infertile Patients Fernanda Polissenia Eduardo A. Bambirrab Aroldo F. Camargosa. De-
partments of Obstetrics and Gynecology, and Pathology and Legal Medicine, Faculty of Medicine, Federal University of Minas
Gerais, Belo Horizonte, Brazil.

Figure 1. A. Photomicrograph of an endometrial biopsy specimen showing a proliferative endometrium. B. Photomi-
crograph of an endometrial biopsy specimen showing plasma cell endometritis (arrow).

A specific therapy is required in these cases; so it is important to have a reliable diagnostic test
to detect the pathology. Endometritis causes specific stromal, vascular, and glandular modi-
fications that can be detected by hysteroscopy.
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Very few studies have investigated the value of diagnostic hysteroscopy in the detection of CE
in infertile patients, and they failed in analyzing the real value of this method in these cases.

In evaluating the role of diagnostic hysteroscopy (Figure 2) in the detection of asymptomatic
endometritis in infertile patients, a high negative predictive value (89.1%) is identified. This
means that when the hysteroscopy shows a negative result for endometritis, it is highly
probable that the result is correct and that the patient does not really have an endometrial
inflammation.

Reproduced with the permission from Cicinelli. Microorganisms and chronic endometritis. Fertil Steril 2008;89 (3).

Figure 2. Chronic endometritis at fluid hysteroscopy. Endometrial mucosa appears thick, edematous, hyperemic and
covered by micropolyps (less than 1 mm size), which float into the uterine cavity.

If a diagnostic hysteroscopy shows the absence of endometritis, it is possible to assert, with a
good margin of safety, that the patient does not exhibit an endometrial inflammation, which
could hinder embryo implantation.

Hysteroscopy is also found to have a low positive predictive value in the detection of endo-
metritis. This means that when the hysteroscopy shows a positive result for endometritis, it is
better to consider that this could be an incorrect result and that the patient could have anormal
endometrium.

Gump et al. [23] studied 204 infertile patients attending an infertility clinic, and all but 1 had
negative cultures for Chlamydia trachomatis in cervical and endometrial specimens. These
authors have found a significant correlation between prevalence of chlamydial antibodies and
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prior pelvic inflammatory disease (PID), as documented by HSG and/or laparoscopy. From
these data, Gump et al. [23] concluded that antecedent infection caused by C. trachomatis, as
measured by antibody prevalence, is an important factor in infertility of tubal origin, but they
could not find infections in the cervical or in the endometrial specimens.

In conclusion, data suggest that hysteroscopy is not useful in the screening for CE in asymp-
tomatic infertile women.

2.2. Chronic endometritis and recurrent miscarriage

Recurrent miscarriage (RM) is defined as three or more miscarriages before 20 weeks of
gestation and it affects 3% of couples.

Genetic abnormalities, anti-phospholipid syndrome, endocrine disorders, and uterine
abnormalities have been diagnosed in 50% of these couples. The other 50% are diagnosed as
with unexplained RM. The competence of the uterine environment is an issue of big interest
these days. The regular infertility investigations, such as HSG and ultrasounds, are unable to
detect small intrauterine pathologies, and the prevalence of unsuspected intrauterine abnor-
malities in hysteroscopy has been shown to range between 11% and 45%.

In recent years, the focus on CE, a slight and mostly asymptomatic inflammation of the
endometrial lining, is growing [24, 25].

A retrospective pilot study [26] showed a relationship between RM and chronic endometrial
inflammation, which could have several clinical implications.

First, they showed that CE is a common finding in women with RM. Second, this study showed
that mycoplasmas and the bacteria are the most frequently involved micro organisms in CE.

Third, the study demonstrated hysteroscopy as a reliable diagnostic technique for CE and that
the previously noted endometrial pathologies [26, 27] such as micropolyps, stromal edema,
and diffuse or focal hyperemia are clearly related to the inflammatory state of the endometri-
um. Moreover, results indicated an improved reproductive outcome and a normal hystero-
scopic exam after an appropriate antibiotic treatment in patients with CE.

Fourth, the results showed a restored fertility status in women with CE after appropriate
antibiotic treatment, suggesting the appropriateness of performing a hysteroscopy in women
with RM.

Fifth, the sustained signs of CE in hysteroscopy after treatment, even with negative endome-
trial cultures, were related to a worse reproductive outcome.

Their results are in concordance with those from the PID Evaluation and Clinical Health
(PEACH) study, which showed non-gonococcal, and non-chlamydial infection in approxi-
mately 60% of women with PID [28].

Considering the high prevalence of bacterial vaginosis and the fact that ascending bacteria can
colonize the uterine cavity, those data are not surprising [29]. In fact, bacterial vaginosis has
been associated with PID and, in ART, may decrease implantation rates, increase early
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miscarriages, and may also increase the risk of preterm labor [30]. This study suggested
Mycoplasma and Ureaplasma urealyticum to be responsible for CE in about 24% of the cases.

This data do not disagree with the recent opinion that the uterine cavity is normally not sterile
and that the presence of microorganisms does not mean inflammation [31-33]. Therefore, the
main issue that causes the pathology is rather the interactions between the infectious agents
and the endometrial environment than just the presence of infectious agents within the uterine
cavity [30].

Fluid mini-hysteroscopy is a minimally invasive procedure that can be performed in an office
without anesthesia [34], so the benefit in terms of evaluation, diagnosis and treatment
sufficiently overcome the cost of hysteroscopy. The improvement of the reproductive outcome
after both antibiogram-guided antibiotic therapy and the CDC guideline-based treatment
supported the value of the hysteroscopic evaluation in women with RM.

Another important finding in the mentioned study data was that in the subjects with anegative
endometrial culture, the ones with persistent CE diagnosed by hysteroscopy had a worse
reproductive outcome compared to patients without CE in hysteroscopic evaluations after
treatment. This shows that the hysteroscopic evaluation in patients with endometrial inflam-
mation has a higher sensitivity than cultures and that a normal hysteroscopic evaluation could
be more accurate in predicting of a successful pregnancy after treatment.

In conclusion, although some limitations are related to retrospective studies, in this study,
Cicinelli et al, evaluating a large number of patients, demonstrated that CE is a condition
commonly associated with RM. Mycoplasma and common bacteria were most prevalent
microorganism for CE.

In women with RM, hysteroscopy reliably detects the existence of CE. The normalization of
the hysteroscopic endometrial pattern seems to be associated with a significant improvement
in the reproductive outcome [25].

In one study by Kitaya et al [36] using immuno-histochemical analysis of the stromal plasma-
cyte marker syndecan-1, CE was identified in approximate 10% of the women with RMs. In
patients with RMs of unknown etiology, its prevalence was approximately 12-13%. It was
lower compared with the reported prevalence (approximately 30%) in repeated embryo
implantation failure after IVF-ET [35] and unexplained infertility [36]. All patients with CE
had a history of RMs in the first trimester of pregnancy. Amassment of stromal B cells was
observed in all the endometrium exhibiting CE. A flow cytometric study demonstrated that
the proportion of B cells in endometrial mononuclear cells was threefold higher in the patients
with RMs than in fertile women during the mid-secretory phase [37].

In addition, another morphometric study found that 2 of 22 patients with unexplained RMs
had more endometrial B cells than any other patient or fertile woman in the mid-secretory
phase [38].

2.3. Diagnosis

Most of the patients with CE are asymptomatic, which causes some diagnostic challenge.
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The gold standard for diagnosis of CE remains the histopathologic evaluation of the endome-
trial biopsy specimen, which is through the identification of plasma cells in the stroma of the
endometrium by immunohistochemistry [4].

This method of diagnosis is limited by
Inadequate sampling of the endometrium

Inadequate staining of the specimen

1

2

3. Dependency on the existence of plasma cells, that can be hard to localize
4. Confounding factors like fibrotic stromal cells that can mimic plasma cells
5

Unknown clinical significance of the presence of few plasma cells

Considering these limitations, physicians have studied the role of hysteroscopic evaluation of
the endometrium to diagnose CE with mixed results. The suggested hysteroscopic findings
for the diagnosis for CE have been mucosal edema, areas of hyperemia, and micropolyps [39].

A study by Yang et al in patients with RIF showed a sensitivity and specificity of 35% and 68%,
respectively, for diagnosis of CE by hysteroscopy. In addition, hysteroscopic and histological
evaluations resulted in identification of 66% and 44% of CE cases, respectively [39].

Proponents of hysteroscopy as a diagnostic tool for CE argue that hysteroscopy allows a
complete evaluation of the uterine cavity, whereas the endometrial biopsy is a random biopsy
of the uterine cavity and therefore may miss focal points of inflammation.

The isolation of infectious agents (common bacteria, Neisseria gonorrhea, Chlamydia trachoma-
tis, Mycoplasma species, Ureaplasma urealyticum and yeast) from the endometrial cavity is the
last method of diagnosis for CE. A study completed by Cicinelli et al showed that among 483
women with hysteroscopic-diagnosed CE, 73% had at least a single microorganism isolated
from endometrial cultures vs. 5% in the control group [18].

Syndecan-1 (Figure 3) is a plasma cell, cell membrane marker. It has been broadly used to
detect plasma cells in flow cytometry and is a useful marker to detect both malignant and
benign plasma cells in paraffin-embedded bone marrow biopsies [40]. Syndecan-1 is a cell
surface proteoglycan that facilitates cell to cell adhesion, cell to extracellular matrix adhesion,
cell proliferation and migration [41].

Syndecan-1 expression was evaluated in CE and dysfunctional uterine bleeding. In all subjects
with CE, plasma cells were noted by light microscopic study of both hematoxylin and eosin
(H&E) and syndecan-1 dyed slides. Immunohistochemical staining with syndecan-1 increased
the plasma cell detection. Plasma cells have characteristic “clock-face chromatin in an eccen-
trically placed nucleus with a perinuclear halo” appearance. This characteristic can be easily
visible by syndecan-1 staining. This staining also showed that some plasma cells lacking some
of the classic features, were actually plasma cells.

Identifying plasma cells in the endometrial stroma of CE can be very challenging.

Some conditions can present with the histologic findings of CE or affect the search for plasma
cells. These conditions are early proliferative endometrium or late menstrual, monocytic
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Reproduced with the permission from Ilene et al. [44]. University of Arkansas for Medical Sciences, Little Rock, Arkan-
sas. Copyright © 2001 by The United States and Canadian Academy of Pathology, Inc.

Figure 3. A. Plasma cells membrane staining with syndecan-1 in endometrial tissue showing a prominent spindle cell
stromal component in chronic endometritis. B. H&E staining of the same field showing plasma cells.

inflammatory infiltrates, ample stromal mitoses, the plasmacytoid appearance of stromal cells,
stromal cell proliferation or a marked pre-decidual reaction in a late secretory endometrium
[4, 42].

This is notable that plasmacytoid stromal cells and macrophages do not stain with syndecan-1
and plasma cells can be recognized by immunohistochemical staining with syndecan-1 even
in conditions that may interfere with their identification on H&E.

The search to localize plasma cells, in order to establish CE, does not always involve a quick
examination of the specimen. It is usually a time-consuming task. Many times there are
suspicious for CE, when plasma cells cannot be detected in H&E slides, and syndecan-1
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immunohistochemistry staining helps in identifying the plasma cells and then the diagnosis
of CE can be documented. Immunohistochemical syndecan-1 staining decreases the time
consumption looking for plasma cells in patients suspicious for having CE, and will help the
diagnosis in cases with other histological findings that can interfere with the detection of
plasma cells.

It is of importance to mention that CE should not be the diagnosis when only mere number of
plasma cells are detected, since endometrial stroma can contain limited number of plasma cells
without an inflammatory process [43]. Only in the presence of a characteristic setting of CE,
the diagnosis can be considered and the detection of plasma cells will be confirmatory.

In conclusion, syndecan-1 staining can be a great assistance and tool identifying the plasma
cells and aid in the diagnosis of CE in patient with suspected CE when plasma cells can not be
localized in H&E stained also when there are other histologic findings interfering the detection
of plasma cells [44].

2.4. Pathophysiology

Studies characterizing the distribution of leukocytes in CE have noted an abnormal pattern of
leukocytes. Not only the overall number of leukocytes rise, but also the accumulation of the
leukocytes is superficial under the endometrial surface as well as around the superficial blood
vessels and glands [4].

Plasma cells have been also identified in unusual locations, such as within the lumen of the
glands or the intraepithelial [36]. It is believed that these plasma cells provide an abnormal
local micro-environment, that decreases the endometrial receptivity.

Since plasma cells are in a minimal number in a healthy endometrial cavity, their presence in
larger numbers in CE is considered pathologic. Immature B cells only normally express IgM
immunoglobulins. Yet, when naive B cell meets a particular antigen, a class-switch DNA
recombination occurs, causing its differentiation into a plasma cell [45].

Based on the type of inflammatory response, plasmacells are able to produce a variety of
immunoglobulins. The majority of the immunoglobulins in the endometrial cavity are IgM
and IgA in the epithelial cells and IgG in the stromal cells.

The density of the Ig-bearing stromal cells, including IgM, IgA and IgG, is higher in patient
with CE compared to people with normal healthy endometrium. Specially, IgG2 cells are noted
to have an extremely higher density than other immunoglobulin subclasses in the endometrial
stroma cells of the patients with CE [46]. This special Ig subclass expression is suggested to be
a possible mechanism contributing to CE and implantation failure.

The role of matrix metalloproteinases (MMPs) is another interesting hypothesis contributing
to inflammation, CE and implantation failure. Lately, a difference in the expression profile of
several inflammatory cytokines has been demonstrated through endometrial gene expression
studies in women with CE and infertility [47]. Endometrial stromal and epithelial cells by
down-regulating the IL-11,could cause a dysregulation of trophoblast invasion. The noted
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significant decline in CCL4 in CE, may also increase the employment of NK cells and macro-
phages into the endometrial environment [48].

2.5. Treatment

Mostly due to non-standardized treatment protocols and conflicting results about pregnancy
outcomes, so far the management of CE to increase in the implantation rate has been contro-
versial.

Some authors recommend treating CE first with of doxycycline for 2 weeks, then with
persistent inflammation in a second biopsy, and ciprofloxacin and metronidazole for another
2 weeks [49]. Some others base the treatment on the identified infectious agent and the
antibiotic sensitivity profile, giving ciprofloxacin for gram-negative bacteria, amoxicillin/
clavulanate for gram-positive bacteria, and wide spectrum antibiotics (metronidazole cef-
triaxone, doxycycline) for even negative cultures [18].

In one study, a treatment of antibiotics plus steroid was used to treat women with increased
MMP activity in uterine fluid lavage [48].

The efficacy of treatment of CE to increase endometrial implantation and pregnancy rate is
unclear. In a cohort study, clinical pregnancy per embryo transferred and live birth rates
showed no change between the treated and non-treated patients with CE undergoing their
first IVF/ICSI cycles. Both groups underwent endometrial biopsy and hysteroscopy as part of
a larger RCT [18].

Another study on RIF compared treated women with a positive biopsy for CE (10) to women
with a negative biopsy (23). Even after antibiotic therapy, the implantation rates stayed lower
in women with CE (11.5 vs. 32.7%) [49]. Cicinelli et al, in a recently published retrospective
study of women with RIF, showed an improvement in pregnancy rates and live birth rates
with antibiotic treatment in patient with CE compared with the patient with persistent CE, 65
versus 33% and 60.8 versus 13.3%, respectively [18]. To date, this is the only study showing a
significant higher live birth rates after antibiotic therapy of CE. Although, it is good to note
before generalizing these results as subjects in this research had hysteroscopic evaluation as a
first diagnostic module for diagnosis of CE, which can be subjective. Also, instead of blastocyst-
stage embryos, cleavage-stage embryos, were transferred, which may not be applicable to all
practices.

2.6. Summary

Physicians mostly look for the diagnosis of CE, in cases of RIF; however, because the lack of a
universally accepted definition for RIF indirectly biases the pool of patients who are worked
up for CE. The diagnosis of CE becomes even more complex and difficult by limitations in
microbiology and immunohistopatholog, and the subjective nature of hysteroscopy. Manage-
ment of CE is also non-standardized. Taken all together, the absence of definitive evidence to
establish improved pregnancy outcomes after the treatment of CE precludes establishing a
standard of care [48].
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3. Hydrosalpinges

Hydrosalpinx is defined as a chronic inflammatory condition in which a fallopian tube is filled
with fluid as the result of distal obstruction.

PID caused by chlamydia or gonorrhea is considered as the primary cause of hydrosalpinx;
however, other conditions that may cause tubal obstruction include adhesions from previous
surgery, endometriosis, non-tubal infections (i.e., appendicitis, inflammatory bowel disease),
salpingitis isthmica nodosa and pelvic tuberculosis.

The diagnosis rate of hydrosalpinges ranges from 10 to 13% by ultrasound, and up to 30% by
laparoscopy or HSG [50]. Hydrosalpinges are documented in ultrasound as cystic elongated
masses in the adnexa that can sometimes wrap around the ovaries [51].

There is some controversy for the definition of a “clinically significant hydrosalpinx,” with
some studies proposing that the diagnosis should be only made when hydrosalpinges are
visible in ultrasound [52]. Findings of distal tubal occlusion on hysterosalpingogram would
not qualify. Studies have shown low intra-observer reliability in detecting hydrosalpinges on
HSG (kappa -0.28), when the intra-observer reliability for distal tubal obstruction was higher
(kappa -0.71) [53]. This demonstrates the fact that hydrosalpinx and distal tubal occlusion are
not synonymous conclusions.

A recent survey performed from members of the Society for Reproductive Surgeons and the
Society for Reproductive Endocrinology and Infertility has highlighted the variation in clinical
practice. The results showed that 60% of the members would make the diagnosis based on
transvaginal ultrasound and 70% would make the diagnosis upon visualization of a dilated
tube that is distally occluded on laparoscopy. However, commonly 80% of members would
diagnose a hydrosalpinx based on a dilated tube that is distally occluded on hysterosalpingo-
gram [54].

The presence of unilateral or bilateral hydrosalpinges has been shown to adversely affect
implantation or pregnancy rates for IVF in different clinical studies. There were two main meta-
analyses performed. The first meta-analysis included over 6,700 treatment cycles from 11
studies, which identified that the implantation rate and the clinical pregnancy rate were 50%
lower in patients with hydrosalpinges compared to patients without hydrosalpinges. Miscar-
riage in patients with hydrosalpinges had also a twofold higher rate [55].

3.1. Pathophysiology

There are multiple hypothesis as to how hydrosalpinges can affect and predispose to implan-
tation failure. These include a direct embryotoxic effect, [56] decrease in subendometrial and
endometrial blood flow [57] decrease in endometrial receptivity, [50] possible developmental
abnormalities of the endometrium [58] and tubal fluid, which can compromise the contact
between the embryo and the endometrial surface as mechanical effect [59].

In a retrospective case-control study, inflammation and inflammatory markers in hydrosal-
pinges were investigated. This study evaluated 21 cases of hydrosalpinges and 9 cases of
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chronic salpingitis, and it was shown that the cases with hydrosalpinx were found to have an
increase in inflammatory cells in the endometrium, including neutrophils and basophils. This
correlation was statistically significant [60]. This case-control study showed that 65% of cases
had high-intensity staining of IL-2, a marker for generalized inflammation, compared with
only 7.4% in control group.

Inflammatory markers, especially Th-1 inflammatory cytokines, have been implicated in
recurrent pregnancy loss, which is in favor of these markers playing a critical role in implan-
tation failure [61]. In the presence of hydrosalpinx, similar to LIF, the expression of avf33
integrins has been reported to be decreased [62] with an increase and return to normal levels
following salpingectomy [63]. Integrins mainly play a role in cell-cell and cell-matrix adhesion
and interaction in a variety of physiological processes, which include immune defense
mechanisms and wound healing and should not be specifically considered inflammatory
markers. Interestingly, 33 integrins are cell-cycle-specific and are mainly expressed between
cycle days 20-24, proposing the hypothesis that they might play a role during the window of
implantation [64].

Poor outcomes have been seen with hydrosalpinx and the reasons are not clearly understood.
The unfavorable effect seems to be directly related to the presence of a hydrosalpinx, rather
than an embryo or oocyte factor.

Some investigators have researched the affect of the fluid from hydrosalpinx on the embryo
and whether it has an embryotoxic effect or not and have determined that there might be an
embryotoxic affect. On the contrary, recent studies have raised doubt about this toxin-induced
effect. To further investigate this hypothesis, Strandell et al. [65] cultured human embryos in
50% hydrosalpinx fluid and realized that these embryos developed to blastocysts at the same
degree as human embryos grew in a standard culture media.

The poor IVF outcomes seen in patients with a hydrosalpinx have been hypothesized to be
related to tubal inflammation. A chronic inflammatory process can be present for multiple
reasons. It could be observed with recurrent bacterial infections, including chlamydia, as a
more common cause, or other bacteria. Acute inflammation can happen during an IVF
procedure because of bacterial seeding of the hydrosalpinx during either ET or oocyte retrieval.
As there is open communication between the tubes and the endometrium, the inflammatory
process could directly spread from the fallopian tubes to the endometrium. The outcome of
this process could then impact the development of the pre-implantation embryo and causes a
change in the endometrial environment [66].

3.2. Treatment

The American Society of Reproductive Medicine has proposed that based on the clinical
studies there is evidence that for every six women with hydrosalpinges, one more ongoing
pregnancy will be successful if salpingectomy is performed prior to initiating IVF treat-
ment [67].

A known approved alternative to salpingectomy for hydrosalpinges is laparoscopic proximal
tubal occlusion.
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A randomized control trial was performed to evaluate the efficacy of laparoscopic salpingec-
tomy and laparoscopic proximal tubal occlusion in 115 patients with bilateral or unilateral
hydrosalpinges undergoing IVF treatment. These women were randomized to three groups:
two treatment and one control. The outcome in group with laparoscopic proximal tubal
occlusion was better than control (no surgery) group and compared to the laparoscopic
salpingectomy group [68].

In a recent meta-analysis of eight RCTs evaluating the efficacy of salpingectomy versus
proximal tubal occlusion in hydrosalpinges, same results as above was achieved in which
the implantation and clinical pregnancy rates were not significantly different between the
treatments, odds ratio (OR), 0.86 (95% CI: 0.53-1.4) and OR, 1.56 (95% CI: 0.81-3.0), respective-
ly [69].

The use of hysteroscopic Essure microinsert placements to occlude hydrosalpinges has been
studied, mainly in women who have contraindications to laparoscopic procedure. The Essure
system is a spring device composed of nickel-titanium and Dacron fibers. The Food and drug
Administration (FDA) has approved the Essure system as a sterilization method. The device
is space occupying, and can induce an inflammatory response that can cause fibrosis in the
tubal lumen. To this date, the studies and literature on the use of Essure for occluding
hydrosalpinges is limited to small case series with unclear outcomes and mixed results.

The first live birth from IVF using Essure, following proximal occlusion of a hydrosalpinx, was
reported by Rosenfield et al in 2005. This was performed in a 31-year-old nulligravid woman
with a history of significant pelvicadhesions and a body mass index of 50 [70]. This unfavorable
surgical candidate delivered a dichorionic-diamniotic twins at 34 weeks of gestation after the
transfer of three cleavage-stage embryos.

In a case series of 15 patients who underwent Essure placement, 6 were reported to have
successful pregnancies. On the other hand, there are also reports of complications using the
Essure device, such as unsuccessful placement of the device, subsequent expansion of the
hydrosalpinx and PID, which could potentially require an emergency laparotomy and bilateral
adnexectomy. There also seems to be a hypothetical concern for having the Essure coils in the
uterine cavity [48]. Larger scale studies and prospective multicenter clinical trials should be
performed before recommendations regarding hysteroscopic tubal occlusion can become part
of standard of care in patients with hydrosalpinx.

Retrospective studies have shown that the larger the hydrosalpinx, the worse the outcome
after IVF, which raises the question of embryo toxic effect of the fluid.

Whatever the exact mechanism, an interruption of the communicating hydrosalpinx appears
appropriate to improve the implantation in the endometrial environment [71].

In a study performed by Hurst et al, patients with an increased quantitative serum Chlamydia
trachomatis IgG antibody titer were considered for treatment with doxycycline 100 mg twice
daily for a total of 10 days before the first IVF cycle was initiated. This group also included
75% of the patients who had hydrosalpinx. The outcome of the study, which was implantation
and pregnancy rates, was slightly lower in the group with hydrosalpinx than in the control
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group; however, this difference was not statistically significant. In summary, patients treated
with doxycycline for extended periods whom had hydrosalpinx did not have lower IVF success
rates. On the contrary, the highest implantation rate was present in the group with hydrosal-
pinx [66].

An unfavorable effect of a hydrosalpinx could be caused by a chronic or acute tubal bacterial
infection that could potentially affect the endometrium. This detrimental effect could be
suppressed and become ineffective by using extended antibiotic therapy. In addition, health-
care cost can be prevented and minimized if initiating treatment with a 2-week course of an
inexpensive antibiotic provides the same outcome comparable to surgical treatment of a
hydrosalpinx prior to IVF treatment.

4. Salpingectomy

Studies have shown that patients with hydrosalpinx visible by ultrasound, are generally the
ones that benefit from salpingectomy. As a result, this group of patients are the ones who are
recommended to perform prophylactic salpingectomy prior to IVF treatment.

The psychological impact of this surgery and the removal of the tubes in an infertile patient
are significantly important and should be emphasized. Even if a patient has a clear candidate
for salpingectomy, it is essential that she is psychologically prepared for the procedure. At
times, it has been necessary for the patient to undergo a few failed cycles before one can bring
up the discussion of surgery and salpingectomy. Obviously, the final decision to perform
salpingectomy should be based on appropriate evaluation of the tubal mucosa at laparoscopy
and therefore avoid unnecessary surgery for the patient. It is crucial that surgeons identify
carefully that whether a hydrosalpinx should be excised or is acceptable enough for a surgical
repair [71].

4.1. Tubal ligation vs. salpingectomy

There are no results from randomized trials to answer this question. The data from two
retrospective studies by Surrey/Schoolcraft [77], did not show any significant differences in
pregnancy outcome, but the number of patients has been too low to allow for any conclusion.
Today, there is no evidence that transvaginal aspiration is as effective as salpingectomy, but
it is an option for patients who will not undergo salpingectomy, and for those who develop
tubal fluid during stimulation.

Hydrosalpinges with destroyed mucosa are not suitable for reconstructive surgery. However,
patients with these also have an impaired success rate after IVF, possibly due to the leakage
of fluid into the uterus. Salpingectomy is the only method that has been properly evaluated as
a surgical approach to overcome the negative influence of the hydrosalpingeal fluid.

From the Scandinavian study, a clear conclusion was drawn: patients with hydrosalpinges
large enough to be visible on ultrasound examination can be recommended laparoscopic
salpingectomy prior to IVF in order to enhance their chance of a full-term pregnancy. Patients
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with large hydrosalpinges and without prospect of spontaneous conception should be
recommended a salpingectomy, which truly increases their chances of a successful IVF
treatment [71].

4.2. Surgical vs. medical management

Different hypothesis on medical management for hydrosalpinx have been considered. This is
not just prophylactic antibiotics to patients after the puncture of hydrosalpinx. Sharara et al.
in 1996 suggested giving prophylactic antibiotics to selected groups of patients with elevated
serum Chlamydia trachomatis IgG antibody titers or considered as a routine before oocyte
retrieval for all patients.

Nevertheless, this hypothesis of antibiotic treatment specifically in hydrosalpinx patients has
not been studied or evaluated prospectively.

Hurst et al. in 2001 in a retrospective study worked on hydrosalpinx and antibiotic treatment.
In this study, patients with hydrosalpinx who received prolonged doxycycline treatment
during an IVF cycle were compared to those who did not receive antibiotics and had other
conditions, such as (endometriosis/unexplained infertility or tubal occlusion without hydro-
salpinx/adhesions). Implantation and pregnancy rates were similar in all groups. This
concludes that antibiotic treatment could also minimize the detrimental effect of hydrosalpinx.
Even though this method is simple and safe, its benefits should be evaluated in a prospective
trial before it becomes a standard of care [71].

4.3. Salpingectomy vs. proximal tubal occlusion

One of the secondary benefits salpingectomy provides, is the removal of a mass that may
possibly be infected and could also be a source of torsion. Hydrosalpinx left in situ, can
potentially have a negative impact because it can cause an increase in the risk of infection and
decrease in access to the ovary during oocyte aspiration.

On the contrary, there are potential disadvantages to the performance of salpingectomy.
Salpingectomy is a procedure that would need expertise because it would be difficult to
perform in patients with extensive pelvic adhesions, also considered an invasive procedure
and could potentially increase the possibility of injury to the surrounding tissues and struc-
tures. In addition, transection of the tube too close to the cornua may also increase the risk of
an interstitial pregnancy after ET, a devastating complication [72].

Salpingectomy could also hypothetically result in a decrease in ovarian perfusion, as part of
the blood supply to the ovaries is provided by branches of the uterine artery and the meso-
salpingeal vascular arcade [73]. Acute reduction in ovarian blood flow may have a direct
impact on ovulatory function in the rat model [74]. In a study by Lass et al. [75], it was shown
that fewer follicles were developed and fewer oocytes were retrieved from the ipsilateral ovary
in women who had undergone unilateral salpingectomy.
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On the contrary, Dar et al. [76] reported that ovarian response in assisted reproductive
technology cycles that was performed before and after laparoscopic salpingectomy for ectopic
pregnancy was not affected by surgery [76].

Of note, proximal tubal occlusion constitutes a significantly less invasive approach that
includes minimal surgical intervention and less time allocated for the surgery, while at the
same time eliminating retrograde flow of hydrosalpingeal fluid into the endometrial cavity.
The current study demonstrated that laparoscopic proximal occlusion of the affected fallopian
tube with bipolar cautery had similar ovarian response and IVF-ET cycle outcome as that of
controls or as of those who have undergone laparoscopic salpingectomy [77].

In conclusion, prophylactic surgical management of hydrosalpinges by either proximal tubal
occlusion or laparoscopic salpingectomy demonstrated statistically similar responses to
controlled ovarian hyperstimulation and IVF-ET cycle outcomes. There is no evidence of any
compromise in ovarian response induced by either surgical procedure [77].

4.4. Spontaneous or surgical drainage of the hydrosalpinx

Studies have shown that draining hydrosalpinges surgically or with the help of ultrasound
guidance have improved pregnancy and implantation rates [78].

Even though this technique would potentially decrease the overall volume of hydrosalpingeal
fluid, drainage cannot eliminate its source or its ability to flow into the endometrial cavity even
in decreased amounts. Sowter et al. [79] have shown that surgical drainage of distended
hydrosalpinges offered no benefits in enhancing implantation or pregnancy rates over
untreated controls. In addition, Bloechle et al. [59] have demonstrated re-accumulation of
hydrosalpingeal fluid within 3 days of aspiration performed at oocyte retrieval, which would
precede the time of embryo implantation. As a result, this would hypothetically eliminate the
benefit of drainage alone.

It appears that the drainage of a hydrosalpinx might not have much benefit to implantation.
Generally, re-accumulation of fluid in the tubes can cause subsequent drainage into the uterus,
resulting in the distention of the uterine cavity, which has been reported by Mansour et al. in
1991 [110] and many others.

Failure to benefit from drainage of hydrosalpinges might not necessarily be a result of
incomplete drainage leaving some fluid to spill into the uterine cavity or from fluid re-
accumulation. There could potentially be a functional destruction to the tube which would
enhance retrograde passage of transferred embryos, both increasing the risk of ectopic
pregnancy, and also contributing by wastage of embryos to the observed decrease of intrau-
terine implantation. If, indeed, this was a notable mechanism causing decreased intrauterine
implantation, there would also be no advantage from undertaking distal salpingostomy
simply to maintain tubal drainage.

The study results highly recommend that transvaginal drainage of hydrosalpinges provides
no benefit at the time of oocyte retrieval for IVF treatment [80].
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4.5. Summary

Hydrosalpinges is a chronic inflammatory condition that could unfavorably affect the chance
of endometrial receptivity.

Several studies have shown changes in the inflammatory and immunological markers in the
endometrium of patients exposed to hydrosalpingeal fluid. Markers identified were IL-2, NK-
kB, and LIF.

Today, prior to IVF treatment, the routine approach is a surgical intervention performing
laparoscopic salpingectomy or proximal tubal occlusion.

Some studies have demonstrated the most surgical benefit in the subset of patients with
bilateral hydrosalpinges or ultrasound visible hydrosalpinges.

5. Microbiome of the reproductive tract

As more is learned about the human microbiome, it is becoming evident that it meaningfully
affects the physiologic function of virtually every organ where bacteria are present.

The human body is colonized with an order of magnitude more bacteria than human cells in
the body [81]. The majority of published medical literature focuses on the subset of the
microbiome involved in pathogenesis, and only a subset focuses on the physiologic role that
the microbiome plays.

The importance of this was recognized in 2001 at the time of the human genome published [82],
when scientists called for a “second human genome project” that would investigate the normal
microbiome colonies at various sites to understand the synergistic interactions between the
microbiome and its host [83]. Several initiatives commenced worldwide, and in the United
States the Human Microbiome Project led by the National Institutes of Health was launched
in 2007, using high throughput sequencing technologies to characterize the human micro-
biome in 250 normal healthy volunteers at multiple body sites [81].

The female reproductive tract has long been known to have an active microbiome (Figure 4).
Although the greatest focus has been on the vaginal milieu, data have been accumulating for
decades demonstrating that the remainder of the female reproductive axis is not sterile. In fact,
with more than 20 studies completed, virtually all of them have found that there is a small but
active microbiome in the uterine cavity.

Importantly, many of these studies obtained their samples at the time of surgery with the use
of transfundal collection techniques where there was no potential for contamination from
transiting the vagina or endocervical canal. The majority of these studies were done with the
use of traditional culture techniques to identify any bacteria that were present.

More recently, metagenomic techniques are confirming earlier findings and providing a more
comprehensive definition of the endometrial microbiome.
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The Microbiome in Human Reproduction

Reproduced with the permission from Franasiak et al. [100]. Copyright© 2015.

Figure 4. The human microbiome affects all facets of reproduction from gametogenesis, to fertilization and embryo mi-
gration, to implantation with implications in early pregnancy failure, to involvement in late pregnancy loss, and poor
obstetric outcomes during gestation and parturition in terms of intrauterine infection and preterm birth, among other
things. A more complete characterization of this complex symbiosis is imperative as we understand its implications in
human health and disease.

Interestingly, the microbiome extends above the endometrial cavity. Some studies have
demonstrated bacteria in the fallopian tubes of women without obvious tubal pathology.
Additional studies have demonstrated that the intra-follicular milieu may have an active
microbiome in some patients.

Finally, there are now studies showing that the microbiome of the male reproductive axis is
more complex than previously appreciated. The addition of metagenomic tools allowed
descriptions of much broader and more complex microbiome, even in men without evidence
of acute or chronic inflammation of their reproductive tract.

As the microbiome of the female and male reproductive axis has become more clearly defined,
studies evaluating the clinical impact on ART treatment have followed. Given the influence
which the microbiome has in virtually every organ systems, it is not surprising that subtle
changes in the microbiome are associated with meaningful changes in gamete quality and
ultimate clinical outcomes. In some cases, changes in the microbiome may provide insight into
previously unexplained treatment failure [82].
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5.1. Diagnosis

It is important to briefly recognize that microbiome data are procured in one of two ways:
culture-based or sequencing-based technology.

The various techniques available in metagenomics (fingerprinting, DN A microarrays, targeted
sequencing, and whole genome sequencing) supply both strengths and weaknesses depending
upon the primary purpose of the analysis.

Much of the early work describing the human microbiome comes from culture-based
approaches using the 16S rRNA analysis of highly conserved genes as a way to character-
ize the diversity of the microbiome in a given environment [84]. However, data from the
vaginal microbiome suggest that many organisms can not be identified with the use of
culture-based techniques, which results in underestimating the diversity of the ecosystem as
well as failing to identify potentially important organisms when describing their relation-
ship to health and disease [85]. Thus, culture-based data, though still informative, must be
interpreted within the limits of the technology.

Data presented more recently have relied on 165 rRNA gene sequencing, specifically the
hypervariable regions within the gene, which serves as a molecular fingerprint down to the
genus and species level [86]. Although to date, data that describe the microbiome of the
reproductive tract have not widely used this technique, metagenomics is becoming an
increasingly widespread approach to describing the microbiome [87]. Using this method, also
termed community genomics, analysis of microorganisms occurs by means of direct
extraction and cloning of DNA from a grouping of organisms. It allows analysis that extends
beyond phylogenetic descriptions and attempts to study the physiology and ecology of the
microbiome [82].

The study of the microbiome and its relationship to the efficiency of conception and early
pregnancy maintenance is just beginning. Although there have been efforts to distinguish
between normal or favorable microbiomes and those that impair or limit clinical outcomes,
early investigations are also identifying alterations in several physiologic processes. These
alterations provide insight into reproductive failure in some patients. They may also provide
the foundational information to guide the development of new therapeutic interventions that
could improve outcomes and previously recalcitrant clinical circumstances.

The association between clinically evident infection, inflammation, and altered reproductive
function is well established. Much of this inflammation involves secretion of a number of pro-
inflammatory cytokines and growth factors secreted by immune cells, which are activated in
response to the presence of apparent pathogens. In the case of small shifts in the microbiome,
the resulting subtle changes in the local milieu are typically not clinically evident but may
remain clinically meaningful; however, the exact molecular mechanisms are not well charac-
terized.

Accumulations of a particular interleukin or some other cytokine are described, but detailed
mechanisms are still lacking. It is possible that the influence of some components of the
microbiome is not via direct interaction with the local organ system.
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The microbiome of the vagina is typically dominated by Lactobacilli [88]. In fact, a normal
milieu is defined by the presence of specific subspecies of Lactobacilli that are capable of acting
as probiotics and inhibiting the overgrowth of other bacterial species. For example, Lactobacilli
species capable of producing high levels of H,O, are generally considered to be most favorable.
This demonstrates an important concept that some components of the microbiome’s principal
function may be to alter or limit some other component of the microbiome. A direct interaction
with the actual tissue may occur but is not essential.

Itis becoming increasingly evident that the aggregate microbiome is not a simple accumulation
of free-floating bacteria on the surface of a human tissue. In many cases, complex three-
dimensional lattices are formed, which may have one layer or may have an inner and an outer
layer.

A protective outer coating composed of polysaccharide, nucleic acid, and protein may develop.
At times, these biofilms may inhibit immune detection and reduce the effectiveness of
antimicrobial treatment [89]. These three-dimensional structures spread across the surfaces of
the tissues where they are located and are termed biofilms.

Biofilms are the subject of intensive investigation and may have important physiologic and
pathophysiologicroles. Biofilms are routinely present in the vagina but commonly extend into
the endometrial cavity [90] and even up into the fallopian tubes (Figure 5). Although no
definitive conclusions regarding the role of biofilms of the reproductive axis have been
established, it is important to understand that the relationship between the microbiome and
the mullerian system may be more complex than the simple presence or absence of various
species or bacteria or even their relative concentration. The interactions that lead to different
biofilms and their subsequent impact on reproduction will provide important topics for future
investigation.

The influence of the microbiome, most prevalent in the mullerian system, may extend to the
remainder of the reproductive axis and may even affect gametogenesis. Indeed, ovarian
follicles may have an active microbiome. Some investigators have found that some bacteria
may adversely influence follicular development and may even inhibit gonadotropin respon-
siveness. Similarly, the male reproductive axis may be adversely affected, with subtle changes
in the microbiome being associated with altered semen parameters [82].

Most studies characterizing the influence of the microbiome on ART and clinical outcomes are
largely association studies. Detailed mechanistic studies that could lead to new therapeutic
approaches are possible but remain to be done.

5.2. Vaginal microbiome

In contrast to the Human Microbiome Project, which investigated normal healthy volunteers,
several investigators have looked at the link between the vaginal microbiome and infertility
in patients undergoing various forms of ART [82].

One such study prospectively analyzed 152 patients undergoing IVF. Of the 152 patients, 133
(87.5%) tested positive for one or more microorganisms and 19 (12.5%) tested completely
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Reproduced with the permission from Swidsinski et al.Reproductive tract microbiome in ART. Fertil Steril. Copy-
right© 2015.

Figure 5. Polymicrobial biofilm dominated by Gardnerella attached to the endometrium. The left panel shows follicu-
lar and the right panel shows luteal endometrium.

negative for bacterial contamination. The most common microorganisms identified were
Lactobacillus species, Staphylococcus species, and Enterobacteriaceae, including Escherichia coli,
Klebsiella, and Proteus. Outcomes data showed that implantation rates were 12.4% in those
with one or more bacteria present versus 14% in those completely negative (P<0.001).

Additionally, patients testing positive for Enterobacteriaceae and Staphylococcus had lower
pregnancy rates than the negative culture group. Although this study provided some insight
into the microbiome during IVF treatment, it highlighted the limitations associated with
culture-based technology for evaluation of the microbiome. The fact that 12.5% of patients
were completely negative for bacterial contamination suggests that the culture-based techni-
que significantly underrepresents both the presence and the diversity of the microbiome at the
time of ET.

A subsequent study with the use of 165 sequencing technology took a more robust look at the
vaginal microbiome in the infertile patient undergoing IVF [90]. The investigators approached
the study design with the hypothesis that, given that the vaginal microbiome has changes
during the normal menstrual cycle with varied estrogen levels in the physiologic range [91],
controlled ovarian hyperstimulation required to achieve success in IVF would also affect the
vaginal microbiome [82].
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5.3. Uterine microbiome

Just as alterations in the microbial environment affect vaginal health, these fluctuations may
also predispose to upper genital tract infection, such as PID.

Direct culture or sequencing of samples from upper genital tract structures has been performed
less frequently than the evaluation of vaginal samples, but available data confirm that BV-
associated bacteria can be isolated from the upper genital tract [92].

In astudy of 45 women with laparoscopically confirmed acute salpingitis (cases) and 44 women
seeking bilateral tubal ligation (controls), 16S rDNA PCR detected bacteria in the fallopian
tubes of 24% of cases and none of the controls [93]. Several of the specimens contained bacteria
associated with BV, such as Atopobium vaginae, as well as Leptotrichia species and N. gonorrhoea.

The identification of causal microorganisms in upper genital infection is important for
understanding disease pathogenesis and provides insight into why some cases are resistant
to conventional treatment. The presence of certain organisms in the vagina is physiologic, and
bacteria may also exist in the upper cervix and uterus during states of health.

In a study, by performing quantitative PCR on endometrial and upper cervical swabs from 58
women undergoing hysterectomy for benign conditions, at least one bacterial species was
found in the upper genital tract of 95% of the subjects. The most frequently detected species
were Lactobacillus iners (45%), Prevotella species (33%), and Lactobacillus crispatus (33%) [94].

An important consideration is that the upper cervix and uterus were grouped together as the
“upper genital tract’”;however, these sites may contain different bacterial species or propor-
tions of bacteria. For instance, there was a statistically significant difference in the proportion
of upper genital tract bacteria based on race. African American and Hispanic women were
more likely to harbor an upper genital tract microbiome dominated by a non-Lactobacilli species
(83% and 75%, respectively) compared with Caucasian women (54%). These results mirror
those of vaginal microbiome in that non-Lactobacilli species were more common in African
American and Hispanic women, but the clinical implications of these findings are unclear.

Furthermore, there was no evidence of significant inflammation in the endometrial samples
that contained bacteria typically found in the vaginal tract. Possible explanations for the lack
of inflammation include vaginal contamination of the uterine samples or that molecular
methods detected RNA of non-living organisms that did not affect clinical status.

Alternatively, it remains a possibility that certain bacteria in the upper cervix and uterus may
serve important roles in maintaining homeostasis and may not necessarily represent
pathology [92].

5.4. Ovarian follicle microbiome

Human follicular fluids have been extensively cultured and found to have an active micro-
biome in many patients.
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Although some specimens were collected from follicular aspirate attained at the time of
transvaginal oocyte retrieval, others were collected laparoscopically [95]. It is not clearly
established whether the bacteria that were cultured represent true colonization or merely
contamination of the ovarian follicular fluid at the time of puncture for transvaginal oocyte
aspiration [96].

Studies simultaneously evaluating the vagina, endocervix, endometrium, fallopian tube,
follicular fluid, and peritoneal cavity are lacking.

Current studies looking at the microbiome of the follicle have used culture techniques. Early
culture studies have suggested that an active follicular microbiome does affect ART outcomes.
Interestingly, the impact of the microbiome is influenced by the clinical diagnosis of the female
partner.

Diminished fertilization and development rates as well as reduced transfer and implantation
rates have been noted in women with endometriosis, but not in women with ovulatory
dysfunction or male-factor infertility [97, 98]. This may suggest that a more complex mecha-
nism with an altered immune response present in women with endometriosis may produce a
different reaction to the presence of an active microbiome and then also influence the devel-
oping oocyte.

It may also be important to note that an active microbiome is not always a negative find-
ing. Pelzer et al. [99] noted that outcomes improved when Lactobacilli were present. This is
in sharp contrast to the presence of other species, such as Propionibacterium and Actinomy-
ces, among others, where impaired clinical outcomes were documented. They also ob-
served differences in the microbiome between the left and right ovaries, which were
attributed to differences in hematogenous spread. The clinical relevance of this finding
remains to be fully characterized [82].

At the present time, data are still accumulating regarding the significance of the follicular
microbiome and the need for screening. Additional studies, particularly those using metage-
nomic approaches, are needed.

5.5. ART and microbiome

Data have been gathered on the microbiome at every stage and level of human reproduction
from the ovary, follicle and oocyte to testes and semen/spermatozoa and to the fallopian tube,
uterus, cervix, and vagina. Both the male and female reproductive tracts exhibit complexity
and diversity only realized within the last decade.

Furthermore, it is not enough to simply qualitatively or even quantitatively explore the
reproductive tract microbiome using metagenomics. Understanding that these bacteria are not
simply free-floating on the surface of tissue, but form their own three-dimensional biofilms
with inner and outer layers, adds an additional complexity and could be of great importance
if they were further explored. The fact these biofilms exist from the vagina to the fallopian
tubes, allows complex and dynamic interactions between the gametes and embryo, as well as
the maternal tissue interface.

123



124 Genital Infections and Infertility

To date, the assisted reproductive technology literature describing attempts to alter the
microbiome in the reproductive tract in order to impact outcomes has been operating on a
rudimentary understanding of this complex environment at best. However, this approach,
although perhaps to blunt a tool at present, may indeed be an important key to altering both
the microbiome and subsequently the immune system as we further explore enhancement of
reproductive competence in assisted reproductive technology.

5.6. Conclusion

Knowledge regarding the interactions between the microbiome and the human reproductive
axis is growing rapidly. A deeper understanding of normal physiology, identification of
different dysbioses, and characterizing the microbiome’s impact on reproductive outcomes
promise meaningful enhancements in clinical care. While much has been learned since the
early contributions of Semmelweis, the most insightful and powerful findings may lie just
ahead [100].

6. Antimicrobials and ART

Although the reproductive tract microbiome remains relatively poorly understood in terms of
its relationship to reproductive outcomes, there is a long history of attempting to influence it
with the use of prophylactic antibiotics at the time of procedures during ART. This has been
a practice ingrained since 1978, when it was suggested that contamination during ART
procedures could negatively affect outcomes [101]. Because antiseptics, such as povidone
iodine, can have a negative impact on embryos, antibiotics were turned to as a way of
manipulating the microbiome [102].

A common time for antimicrobial prophylaxis is at the time of ET. Given the concern for
colonization of the transfer catheter tip with microbiota from the upper genital tract, antibiotics
have been proposed as a way to decrease inoculation of the uterine cavity and thereby increase
pregnancy rates. Despite this widespread practice, relatively little data exist to support or
refute antibiotic use.

A recent Cochrane review analyzed randomized controlled trials in the literature that
investigated antibiotics at ET [103]. Only four potential studies were identified, of which
three were excluded. The remaining study reported on clinical pregnancy rates as the
primary outcome. Although administration of antibiotics reduced microbial contamina-
tion as defined by culture of ET catheter tips, the clinical pregnancy rate was 36% in those
receiving antibiotics and 35.5% in those not receiving antibiotics (odds ratio 1.02, 95%
confidence interval 0.66-1.58) [104]. The reviewers concluded that more evidence is needed
with live birth as the primary outcome.
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Abstract

Chlamydia trachomatis (CT) is the most common agent of bacterial sexually transmitted in-
fections, both in developed and developing countries. It clearly constitutes a major burden
on public health. Screening programs and current research are mainly focused on decreas-
ing the high incidence of chlamydial infections as well as their associated morbidity.

The greater clinical impact of CT infections occurs in women of reproductive age. Acute CT
infections are often associated to urethritis, mucopurulent cervicitis, endometritis, salpingi-
tis, and pelvic inflammatory disease (PID). A vast proportion of CT infections are likely un-
derestimated because of their asymptomatic clinical course. This leads to repeat and
chronic infections, which have deleterious impact on the female reproductive health.
Among the complications of the CT chronic infections are PID, ectopic pregnancy, preterm
birth, tubal obstruction and female infertility, which are of great interest in the reproduc-
tion field.

Keywords: Chlamydia trachomatis, intracellular pathogens, bacterial sexually transmitted
infections, tubal obstruction, female infertility

1. Introduction

Chlamydia trachomatis (CT) is the most frequent bacterial agent causing sexually transmitted
infections (STIs) worldwide. According to the latest World Health Organization (WHO) report,
approximately 100 million new infections occur annually [1]. According to the Centre for
Disease Control (CDC), around 1.4 million new CT cases were reported in 2013, only in the
United States [2].

In this chapter, we briefly present the current knowledge about the cell biology of the bacteria,
reviewing the mechanisms of establishment of CT intracellular niche, the inducers of persistent
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infections, and the pathogen factors that may be involved in the damage of female reproductive
tract. Then, we analyze the host factors that may contribute to the development of infertility,
mainly immune response and genetic predisposition, hormonal status, and sexual behavior.
Undiagnosed and untreated infections, repeat and persistent infections, and coinfections are
likely responsible for the detrimental sequelae on woman fertility of CT pathogenesis.

This chapter specially focuses on the consequences of chronic diseases after CT infections,
mainly pelvic inflammatory disease, tubal infertility, and adverse pregnancy outcome, which
are of therapeutic interest in the reproduction field.

2. The bacteria: Intracellular life cycle, Chlamydia trachomatis serovars and
virulence factors

2.1. Chlamydial developmental cycle and intracellular niche

CT is a highly evolved pathogen that has a reduced genome, first sequenced by Stephens and
collaborators in 1998. Its chromosome consists of approximately one million base pairs and
encodes for up to 600 proteins [3]. Analysis of chlamydial genes reveals that this bacterium
heavily depends on host cell for nutrition and replication, indicating a complex evolution for
adaptation to an obligate intracellular lifestyle.

CT has tropism for genital mucosal epithelium, which promotes its own uptake into non-
phagocytic cells. Chlamydial infection and propagation rely upon a unique biphasic life cycle
that begins by contact of infectious, environmentally resistant, elementary bodies (EBs) with
the apical surface of the epithelial cell. Several mechanisms are involved in the invasion of host
cell, likely parasite-specified phagocytosis and receptor-mediated endocytosis [4]. Multiple
receptors have been proposed to mediate the interaction between the EB and the host cell,
among them, the mannose receptor, the mannose 6-phosphate receptor, and the estrogen
receptor [5]. Other host molecules such as heparan sulfate proteoglycans [6,7], and protein
disulfide isomerase also participate in EB binding to the eukaryotic cells [8]. Concomitantly,
multiple bacterial adhesins and ligands such as glycosaminoglycan [9], the major outer
membrane protein (MOMP) [10], OmcB [11], and PmpD [12] facilitate EB attachment to host
cells. Translocated actin-recruiting phosphoprotein (TARP) is a bacterial protein that nucleates
actin and promotes host cell cytoskeleton remodeling to force bacterium uptake [13-15].

The infectious EBs enter the host cell in membrane-bound vesicles that travel toward the
perinucleus and fuse to form a single vacuole termed the inclusion. Once inside this modified
phagosome, EBs differentiate into metabolically active but non-infectious reticulate bodies
(RBs) that are the replicative bacterial forms. RBs asynchronously multiply by binary fission
within the confines of the growing inclusion. After numerous rounds of replication, RBs re-
differentiate back into infectious EBs to be ready for spreading to adjacent cells [16,17]. The
ability of CT to cycle between resting and replicating organisms accounts for a drawback in
the eradication of this intracellular pathogen. Finally, the infectious bacteria are released by
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two independent mechanisms, the host cell lysis, or the extrusion of the inclusion [18]. A
scheme of chlamydial developmental life cycle is shown in Figure 1.
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Figure 1. Chlamydia trachomatis developmental cycle. Chlamydial infection begins with attachment of the infectious
bacterial form, the elementary body (EB) to uncharacterized host cell receptors. Signal transduction events are trig-
gered, and EBs entry into the host cell in small vesicles. These CT-containing vesicles are actively modified by the bac-
teria; they travel toward the perinucleus and fuse to form a single vacuole named “the inclusion”. Once internalized,
EB differentiates into the replicative bacterial form, the reticulate body (RB), which multiplies by binary fission. At the
end, RBs re-differentiate to EBs that are released by host cell lysis or extrusion of the inclusion. The whole cycle is com-
pleted in 40-72 hours. In a stressful environment, RBs enter a latent stage where it persists until more favorable grow-
ing conditions. These aberrant bacteria (AB) are present in persistent and chronic infections.

In response to stress, CT enters into a low replicative viable state that is termed “persistent or
aberrant bacterial form”, which is able to resume normal replication as soon as conditions are
again favorable. Among the inducers of the persistent bacterial state stand the sphingolipid
deprivation and tryptophan lack, the presence of interferon gamma (IFN-y), or certain
antibiotics such as penicillin. The evasion strategy has been linked to the capacity of these
bacteria to cause latent and chronic infections. Thus, the onset of the infection is generally not
detected and re-infection may occur, especially when infected couples are involved. Further-
more, the fact that CT clearance is rarely followed up, combined with the ability of this
pathogen to persist, contributes to the occurrence of long-term infections [19].

Undoubtedly, an essential issue to chlamydial growth and development is the establishment
of its intracellular niche. Early chlamydial gene expression is required to inclusion generation,
to avoid immune system surveillance, and to hijack host cell functions [20]. These bacteria
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actively modify the inclusion membrane by exclusion or recruitment of selected host proteins,
mainly Rab proteins, the master controllers of intracellular traffic [16,21]. Increasing evidence
points out that the invading bacteria subvert trafficking not only to circumvent the lysosomal
degradative route but also to facilitate the delivery of host nutrients to the growing inclusion
[17,22]. As soon as the chlamydial inclusion is formed, it dissociates from the classical phag-
ocytic pathway and barely interacts with endocytic vesicles [23]. Instead, chlamydial inclusion
intersects Golgi-derived vesicles [24-27], multivesicular bodies [28], and lipid droplets [29,30].
By this strategy, these bacteria take over the infected cell for sphingomyelin, cholesterol, and
neutral lipid acquisition like pirates [31-34]. In addition, CTs possess other mechanisms, such
as transporter molecules, finely adapted to acquire amino acids, nucleotides, and energy from
the host cell [22,35-38]. At present, the strategies developed by CTs to re-route intracellular
trafficking and to co-opt host cell functions for their benefit are being actively studied.

2.2. Bacterial genotypes and virulence factors

Different strains of CT have been described based on genome sequencing and the antigenic
properties of the major outer membrane protein (MOMP) [39]. There are more than 20 distinct
serovars (serologically variant strains) of CT currently identified, on the basis of monoclonal
antibody-based typing assays [40-42]. In general, CTs have been grouped into three main
pathobiotypes: ocular infections (serovars A to C), sexually transmitted diseases (D to K), and
lymphogranuloma venereum (L, to L;). Serovars A, B, and C have tropism for the ocular
epithelium, causing from acute conjunctivitis to trachoma, a serious eye disease endemic in
Africa and Asia that is characterized by chronic conjunctivitis and can lead to infectious
blindness. Serovars D through K have emerged as the major causing agents of sexually
transmitted diseases. They preferentially infect squamocolumnar epithelial cells of female
reproductive system and the male genitourinary tract. E and D serovars are isolated from
genital tract infections with the most frequency worldwide. Occasionally, they cause conjunc-
tivitis or pneumonia in newborns infected during labor. Serovars L1 to L3 are responsible for
asystemicillness, the ymphogranuloma venereum that is associated with genital ulcer disease
in tropical countries [43,44] (Table 1).

Chlamydia genotyping is useful to determine tissue tropism [45-47]. Several studies attempted
to directly link disease severity with CT serovars; however, they often failed because of small
number of samples and high variability in results [48]. Intensive research is conducted to
confidently associate CT serotypes to higher pathogenic potential, clinical course, or disease
outcome. Nevertheless, at present, bacterial ability to ascend and colonize female upper
reproductive tract is not clearly associated to a particular CT serovar.

On the other hand, CT gene polymorphisms determine distinct antigenic challenge to the
immune system [49]. Certain bacterial polymorphisms may induce an altered immune
response [50]. In consequence, they are able to cause immunological disorders, especially in
susceptible individuals. Chlamydial infections often precede the initiation of autoimmune
diseases, and frequently, these bacteria are found within autoimmune lesions. Bacterial
proteins similar to host self-proteins might be the underlying cause of diverse autoimmune
diseases [51,52]. This molecular mimicry may elicit an immune response to both self and
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microbial proteins. Chlamydial heat shock protein 60, DNA primase, and OmcB proteins
represent the strongest cases for molecular mimicry [53]. The most frequent autoimmune
diseases connected to chlamydial infections are intestinal inflammatory pathologies and
rheumatic or connective-tissue diseases [54,55]. Further research is required to unravel the
molecular machinery involved in the complex pathogen-host cell interaction.

Chlamydial strains and clinical diseases

Serovars Host Acute Chronic
Newborns
A-C ——  Conjunctivitis Trachoma
Both sexes
Ophthalmia )
Newborn Neonatal pneumonia
neonatorum
Proctitis
Men Urethritis
Epididymitis

Mucopurulent cervicitis
Pelvic inflammatory disease
Tubal infertility

Ectopic pregnanc
Urethritis Picpres Y
Women . Premature rupture of membranes
Cervicitis . S
Chorioamnionitis
Premature delivery
Puerperal infection

Cervical neoplasia

L Both sexes Lymphogranuloma venereum

Autoimmune diseases

Reactive arthritis
Different serovars
Collagenopathies
and bacterial Both sexes L
Reiter’s syndrome
polymorphism
Inflammatory bowel disease

Crohn's disease

Table 1. Chlamydial serovars, tissue tropism and clinical diseases. Acute and chronic pathologies occur in men,
women and newborns following CT infections. Serovars A to C have tropism for ocular epithelium, causing from acute
conjunctivitis to infectious blindness or trachoma. Serovars D to K infect epithelial cells of the genitourinary system,
generating a broad range of acute and chronic pathologies that damage reproductive tissue and may infect newborns
during labor. Serovars L, ; cause lymphogranuloma venereum. Several autoimmune diseases are associated to diverse
CT strains.

Several putative virulence factors have been postulated, including the polymorphic outer
membrane autotransporter family of proteins (pmp), type Ill secretion system (TTSS) effectors,
a large cytotoxin, and stress response proteins may contribute to increase the CT-associated
pathogenicity. Pmp proteins are strongly immunogenic and trigger pro-inflammatory
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cytokine responses [56]. Chlamydial TTSS effectors mediate the interaction with the host as
they are injected to the cytoplasm and alter host cell functioning [57-59]. Important TTSS
effectors are the inclusion (Inc) proteins that are bacterial proteins present at the inclusion
membrane. For instance, IncA promotes the fusion of individual CT-containing vesicles to
form a single inclusion [60,61]. Natural IncA bacterial mutants are associated with reduced
virulence [62]. Another TTSS effector is TARP, mentioned in the previous section, as a bacterial
protein that favors CT internalization via an actin recruiting mechanism [34,63]. Additionally,
a chlamydial cytotoxin glycosylates the eukaryotic protein Racl, and thereby induces actin
reorganization and promotes the invasion of host cell [64,65]. Chlamydial glycolipid exoanti-
gens [66] and the lipopolysaccharide [67] may constitute additional virulence factors. Other
proteins encoded by the cryptic plasmid or related to the ability of the bacteria to survive under
stressful metabolic conditions such as iron or tryptophan deprivation are thought to increase
virulence and pathogenicity [68,69]. Chlamydial stress proteins, GroEL and GroES, may
activate toll-like receptors and trigger a potent inflammatory response, injuring host repro-
ductive tissues [70-73].

In addition to CT serovars and virulence molecules, other bacterial factors may be involved in
the pathogenicity and chlamydial infection outcome, such as the pathogen load, route of
infection, bacterial ability to enter persistent state, ascension capacity and strength to colonize
genital upper tract, resistance to antibiotic treatment, and so on. Further studies are needed to
determine the contribution of each bacterial factor to the development of severe damage on
the female reproductive system.

3. The host: Immunological and genetic factors, age and hormonal status,
and sexual behavior

3.1. Immunological and genetic factors

An important issue that contributes to CT pathogenesis is its remarkable ability to avoid the
host immune system. Several strategies are displayed by these bacteria to prevent immune
degradation, such as its intracellular lifestyle, its ability to escape from phagolysosomal
pathway, its resistance to interferon gamma (IFN-y), among others lesser known bacterial
molecules. Actually, host immune response has opposite results on chlamydial infection
outcome. A low immune response generates a suitable environment for pathogen colonization,
while a strong immune response could lead to excessive inflammation and tissue damage.
Pathogens own characteristics in conjunction with host genetic susceptibility are important in
determining the severity of the illness.

At the site of invasion, an intense inflammation occurs, attracting different types of cells, such
as macrophages, neutrophils, T and B lymphocytes, natural killers, and dendritic cells. Locally,
there is an increased production of reactive oxygen species (ROS) that produces oxidative DNA
damage, lipid peroxidation, energy depletion, modulation of gene expression, and proteins
synthesis. Oxidative stress provokes pathologic changes that harm reproductive tissues. In
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addition, a broad collection of pro- and anti-inflammatory cytokines are released including
IFN-vy, tumor necrosis factor (TNF-a), interleukin (IL) IL-13, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8,
IL-10, IL-12, IL-13, IL-17, IL-22, vascular endothelial growth factor (VEGF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), and lactoferrin. These mediators trigger
cellular inflammatory responses that mediate direct damage to the tissues [74,75]. Most of them
are involved in the pathophysiology of tubal infertility, birth defects, and miscarriage [76].

In addition to the inflammatory response, CT infection evokes vigorous local and systemic
humoral and cell-mediated immune responses. Several CT-specific antibodies, IgG isotype
rather than secretory IgA, are found in circulation and in the cervicovaginal fluid of the female
genital tract. These antibodies can neutralize chlamydial antigens; nevertheless, they do not
assure resolution of the infection. Antibodies toward the bacterial MOMP protein are
prevalent in primary chlamydial infections, whereas antibodies against CT-hsp10 and hsp60
are present in recurrent or persistent infections and correlate with severe sequelae such as
tubal infertility, ectopic pregnancy, and PID [77-79]. Regarding the cell-mediated immune
response, the T-helper lymphocytes type 1 (Thl) secrete IFN-y, IL-2, and IL-12 and play a
role in the resolution of infection [80,81]. On the other hand, the T-helper lymphocytes type
2 (Th2), which support the humoral immune response, produces IL-4, IL-5, IL-6, and IL-10
and participates in the developing tubal scarring [82]. The inflammatory response occurs, at
the same extent, in both initial and repeat infections, whereas T-cell responses are predomi-
nant in the latter ones [80,83].

Actually, host immune response is considered as one of the most important determinants in
chlamydial infection outcome. A delicate balance between pro- and anti-inflammatory
cytokines is needed to clear infection, avoiding tissue injuring. At this point, host genetic
predisposition is a major player of pathology and CT-related infertility development [84].

Host genetic polymorphisms may encode aberrant or dysfunctional toll-like receptors (TLR)
and nucleotide-binding oligomerization domain proteins (NOD) that do not appropriately
recognize CT. These individuals have an impaired bacterial clearance and a high risk to
develop an aberrant immune response, favoring CT persistence [85-88]. Identifying host
genetic factors and bacterial virulence factors involved in immunoevasion and immunopa-
thology remains a major priority in research for preventing chlamydial infection and its
sequelae. Furthermore, the understanding of local innate and adaptive immune responses and
their actors along the genital tract will be crucial for designing new therapeutic approaches
and for developing a protective vaccine.

3.2. Age and hormonal status

CT preferentially targets young women at reproductive age. It has been reported that the
highest incidence occurs in women between 16 to 24 years [89]. Therefore, the impact on female
reproductive health is very important. Notwithstanding younger women are at higher risk of
contracting a chlamydial infection, the rates of developing PID increase with age, being more
frequent in the 30 to 40 decade [90]. After menopause, the frequency of chlamydial infections
decreases substantially [91].
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Accordingly, estrogen and progesterone are important for the establishment of chlamydial
infection. Furthermore, estrogen receptors have been involved in the internalization of CT
[92,93]. Sex hormones affect the clinical outcome of chlamydial infections; thus, follicle
stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2), progesterone (P4), and
prolactin (PRL) are involved not only in the establishment of chlamydial infection but also in
the development of sequelae on reproductive tissue [94,95]. Additionally, oral contraceptive
use was found to be a risk factor for CT infection. Several studies have attempted to elucidate
the relation between the hormonal status at the time of infection and its contribution to tubal
occlusion in genital chlamydial infection. Unfortunately, the role of sex steroids in infection
outcome is far from being fully understood. Sex hormones have been shown to modulate
immune responses and to have antioxidant effects in the female genital tract [96-98]. However,
the mechanisms by which sex hormones may benefit or impair the colonization of genital
tissues by pathogenic microorganisms should be further investigated.

3.3. Sexual behavior and other host factors

Sexual initiation at young age and a higher number of sexual partners are associated with
increased risk of CT infection [99]. In a similar manner, having sex without protection favors
CT contagion. This sexual behavior is also associated with higher incidence of sexually
transmitted pathogens such as Neisseria gonorrhoeae, Candida albicans, Human Immunodeficiency
Virus, among others [100-103]. Taken together, unsafe and high-risk sexual conduct is linked
to impairment of women reproductive health, and particularly to tubal infertility. As it has
been previously mentioned, some women have a genotypic predisposition to develop an
abnormal immune response and severe inflammation following CT infection. In these women,
there is a high rate of tubal obstruction and CT-related infertility, independent of sexual
behavior [84].

In general, multiple sexual partners and unsafe intercourse increase the risk of CT recurrent
infections and coinfection with other sexually transmitted pathogens. Thereby, the high chance
to suffer repeat and chronic infections that target women reproductive tissue raises the
infertility-associated pathologies.

4. Pathogen-host interplay: Establishment of latent, repeat, and persistent
infections and coinfections

CT survival and replication heavily hinge on host cells. In fact, CT has evolved in relationship
with human cells. However, little is known about the molecular basis of CT interaction with
host epithelia and immune system. An increasing number of bacterial and host factors
interplay for the establishment of chlamydial infection and determine the pathologic profile
and clinical disease outcome. A simple scheme is shown in Figure 2 summarizing the main CT
and host factors that jointly with environmental factors and the failure in diagnosis and
treatment, lead to unsolved, latent, and long-term chlamydial infections.
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Figure 2. Bacterial and host factors involved in the development of female infertility. Bacterial factors such as CT geno-
types and serovars, virulence factors, and pathogen burden, in conjunction with, host factors such as genetic predispo-
sition and immune response, age and hormonal status, and sexual behavior participate in the establishment of the
infection and pathology. Other elements that take part in the development of CT-related diseases are microbiome and
coinfections with other sexually transmitted pathogens, environmental factors, and local prevalence, and most impor-
tantly, the failure in diagnosis and treatment of chlamydial infections. Taken together, these factors sustain repeat and
persistent chlamydial infections that damage female reproductive health.

Microbiome (microbial flora present at the genital tract) and the presence of other sexually
transmitted pathogens may be important for the colonization of reproductive tissue and the
establishment of chlamydial infection. The presence of lactobacilli in the vagina confers
protection against the acquisition of chlamydial infection [104]. In contrast, indole-generating
bacteria present in the microbiome or bacterial vaginosis allow CT to synthesize tryptophan,
and consequently, to avoid the anti-chlamydial activity of IFN-vy [45,65]. Coinfections are more
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frequent in vaginosis and women with high-risk sexual behavior [100]. Clearly, coinfections
exacerbate host immune response and inflammation; therefore, they favor scarring and
sequelae on female reproductive system and increase the likelihood of tubal infertility.

The worst scenarios involve silent and latent infections that underline chronic persistent
chlamydial infection and frequent re-infections [1]. Chlamydial infections may persist in the
female upper genital tract for months in the absence of treatment. They are often asymptomatic
or alternate quiescent stages with periods of clinical manifestations [105]. Actually, chronic
chlamydial infections may be because of the reactivation of asymptomatic latently infected
deep-seated cells. The presence of aberrant bacterial forms responsible for chlamydial
persistence constitutes along-time challenge to the immune system. Host immunopathological
response can damage the fallopian tube and generate female infertility [65,92].

Reinfections, persistent infections, and treatment failure account for repeat infections that
represent a substantial proportion of the chlamydial infections detected annually [106]. Repeat
infection is not the sole determinant of severe genital tract pathology and sequelae. However,
repeat infection increases the risk of developing tubal obstruction and female infertility [76].

Increasing evidence indicates that long-term persistence of viable aberrant chlamydial
organisms within host cells is associated with inflammatory and autoimmune diseases in
extragenital tissues.

In definitive, the pathogen-host interplay and the concurrency of exogenous factors appear to
be related to CT-induced immunopathology. In spite of the substantial worldwide impact of
chlamydial disease, the bacterial and host factors that result in infertility are still not clear.
Currentefforts are focused on discovering what CT is doing to the host cells to prevent sequelae
and undesired consequences of infection.

5. Mechanisms of pathogenicity and clinical course

CT infects both sexes; however, chlamydial infections constitute primarily a female health
issue since the consequences are more damaging to the reproductive tissue in women than in
men. Inmales, CT caninfect urethra, epididymis, prostate, seminal vesicles, and testis. Usually,
chlamydial infections are symptomatic, less frequent, and more easily eradicated in men than
in women. Nevertheless, chlamydial infection in the male genitourinary tract might induce
severe damage to seminiferous tubules, spermatogenesis, and sperm cells morphology that
can result in impaired male fertility [107].

Here, we focus on chlamydial infections occurring in women. In first world countries, 3 to 5%
of women younger than 30 years old will be infected by CT at any point in time [90,108]. And,
in over 70% of the cases, CT infection of the female genitourinary tract is asymptomatic,
spoiling the prevalence or incidence rates. Consequently, it is difficult to assess the incidence
of sequelae, mainly PID, tubal obstruction, and female infertility, attributable to genital CT
infection.
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In women, CT is the major cause of mucopurulent cervicitis (MPC) and PID. Other manifes-
tations of chlamydial infections are vaginitis, urethritis, salpingitis, endometritis, tubo-ovarian
abscess, pelvic peritonitis, periappendicitis, and perihepatitis. The symptoms more frequently
reported consist of abdominal pain, dysuria, vaginal itching, and abnormal vaginal discharge.
However, the most important feature of chlamydial infection in the female genital tract is the
occurrence of asymptomatic infection that remains subclinical for long periods in a high rate
[109,110]. Asymptomatic ascending bacteria from the cervix may produce two groups of
pathologies: (i) PID-associated complications such as chronic pelvic pain, tubal obstruction,
and female infertility [111,112] and (ii) adverse pregnancy outcomes such as ectopic pregnancy,
miscarriage, premature rupture of membranes, chrioamnionitis, preterm birth, stillbirths, and
puerperal and neonatal infections [113-115].

General consensus in the medical community agrees that chlamydial PID is the most common
preventable cause of tubal infertility and adverse pregnancy outcome [1]. However, the lack
of systematic detection of the bacteria weakens these estimations, usually performed by
analysis of a reduced number of cases. Approximately 20% of women with chlamydial lower
genital tract infection will develop PID, 4% chronic pelvic pain, 3% tubal infertility, and 2%
adverse pregnancy outcome [107]. In developing countries, the incidence and prevalence of
CT infections and their harmful consequences on female reproductive tissue are not accurately
known since CT infection is not routinely screened.

There is conclusive evidence that women who have suffered PID have higher risk to develop
tubal infertility. A study demonstrated that 16.5% of women with abnormal laparoscopic
findings likely resulting of acute PID failed to conceive, in comparison to 2.7% in control
women; 10.8% developed tubal infertility, and 9.1% went through ectopic pregnancy. There-
fore, PID increases the probability of permanent damage on female reproductive system. CT
is the most common causing agent of PID; however, a drawback of this analysis is the lack of
the identification of the infectious agent underlying the PID. Several randomized controlled
trials to assess the value of CT screening found it helpful to reduce the incidence of PID among
infected women [116-118]. The chance to develop tubal infertility after a single episode of PID
is around 10% [112]. Furthermore, each episode of PID doubled the risk of tubal damage [119]
independent of whether the infection was asymptomatic or not.

One of the most serious sequelae of PID and persistent chlamydial infections is the fibrosis
and scarring obstruction of the fallopian tubes that leads to tubal infertility. However, the risk
of tubal infertility due to CT infections is lower than PID incidence [76]. The proportion of
tubal infertility among all causes of infertility varies from 40% in first-world countries to 85%
in developing countries [1]. Undiagnosed and untreated chlamydial infections usually evolve
to long-term persistent infections, in which chlamydial antigens chronically stimulate the host
immune system. Abnormal humoral and cell-mediated immune responses and severe
inflammation have been implicated in the development of immunopathological damage of
fallopian tubes. Thus, the interaction between CT and the host becomes relevant for the illness
outcome. However, the exact pathologic mechanism of CT-induced tubal damage and tubal
infertility has not been elucidated yet.
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In addition, acute and chronic maternal chlamydial infections constitute a significant risk factor
for adverse pregnancy outcomes and newborns contagion. Untreated and persistent infections
are strongly associated with ectopic pregnancy, which is the tubal development of the embryo
and constitute the main cause of maternal mortality in the first trimester of pregnancy in
developing countries. In addition, miscarriage, chrioamnionitis, low birth weight, stillbirth,
premature rupture of membranes, and preterm birth are frequent pathological consequences
of chlamydial infections [51,113,114]. Several mechanisms may contribute to the development
of these pathologies, including direct fetal infection, placental damage, and severe puerperal
maternal illness [120-124]. Nevertheless, the exact nature of chlamydial infection pathogenesis
during pregnancy remains unexplained.

CT infections can also be vertically transmitted to newborns during labor, resulting in
chlamydial conjunctivitis and/or pneumonia, which may possibly involve similar pathogen-
esis mechanisms to those occurring in the female genital tract.

Controversial reports point out CT as a risk factor for cervical carcinoma, independent of
human papillomavirus [107]. It has been shown that CT interferes with multiple proapoptotic
pathways to guarantee survival within host cells [125,126]. In addition, CT activates prosur-
vival signaling pathways for bacterial nutrient acquisition, expression of antiapoptotic factors,
and synthesis of proinflammatory cytokines [127,128]. On the other hand, CT interferes with
chromosome segregation and cytokinesis. In consequence, multinucleated cells and cells with
aberrant number of chromosomes are often observed in cell cultures infected with CT [129].
Taken together, these findings suggest that persistent chlamydial infections might play a role
in the development of cervical neoplasia. Further research is needed to shed light to this issue.

The high prevalence and incidence estimates worldwide, in conjunction to the diversity of
clinical entities and long-term consequences of chlamydial infections, propel further research
of the bacterial and host factors involved in the pathogenesis and damage to the reproductive
system.

6. Important challenges: Prevention, diagnosis, and treatment of
chlamydial infections

The widespread incidence and prevalence of sexually transmitted infections, especially among
young population, made them a priority public-health concern worldwide. Screening, control
programmes, and education in sexual behavioral aspects and contraception are fundamental
for the prevention of chlamydial infections and their long-term sequelae, mainly PID and tubal
infertility.

Routine screening allows the identification of asymptomatic carriers of CT and contributes to
the early detection of chlamydial infections. Appropriated diagnostic services are required to
obtain reliable results. The most confident tests for the detection of CT involve nucleid acid
amplification techniques that are not available in all laboratories, especially in third-world
countries. Nucleic acid amplification tests are more sensitive than culture or antigen tests.
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Improvement in molecular diagnostics will lead to improvement in treatment and prevention
of damage to reproductive tissues. It has been shown that screening is cost-effective even in
low prevalence populations, due to the high costs of treatment of complications resulting from
undiagnosed and untreated chlamydial infections [130]. The implement of additional targeted
screening of women at risk will contribute to reduce the CT-associated infertility.

Additionally, clinicians should be aware about the latest therapeutic management of chlamy-
dial cervicitis and PID. Different antibiotics such as azithromycin, doxycycline, ofloxacin,
erythromycin, and amoxicillin may be useful for treating genital chlamydial infections [131].
The antibiotic selection depends on the characteristics of the drug itself like pharmacokinetics,
half-life, and bioavailability, concentration in mucous membranes and genital tissues, devel-
opment of gastrointestinal tract side effects, safe use in pregnancy, as well as, the characteristics
of the host and the clinical course of chlamydial infection. The effectiveness of therapy relies
on timely treating sex partners and to abstain from sexual intercourse until completing the
whole antibiotic scheme.

Unceasing efforts are conducted for the development of a chlamydial vaccine. Nevertheless,
until now, no effective chlamydial vaccines are available. The knowledge of bacterial factors
involved in pathogenicity will help in addressing optimal vaccine design that prevents not
only chlamydial infection but also progression to infertility.
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Abstract

Staphylococcus sp. is not only a commensal bacterium but also a major human pathogen
that causes a wide range of clinical infections, such as skin and soft tissue infection,
pleuropulmonary and osteoarticular infection, and endocarditis as well as life-
threatening systemic infections. More evidence is currently emerging to show that
Staphylococcus, particularly Staphylococcus aureus, can colonize the reproductive
systems and affect their structure and function. Staphylococcal infection has become
one of the most common causes of infertility in both males and females. This chapter
focuses on the epidemiology, pathophysiology, clinical manifestations, and treatment

of staphylococcal infection and infertility.

Keywords: Staphylococcus, infection, infertility

1. Introduction

Bacterial infection in reproductive organs is one of the most common causes of infertility in
both male and female patients. It is also associated with sexually transmitted infections and
adverse pregnancy outcomes. Infection with different microorganisms, such as chlamydia,
mycoplasma, and certain bacteria, may lead to various clinical manifestations of human
reproductive function. Staphylococcus sp., although a commensal bacterium, is a leading cause
of skin and soft tissue infections and life-threatening systemic infections. More evidence is
currently emerging to support the vaginal colonization of Staphylococcus sp. and its involve-
ment in heterosexual transmission and infertility, but the knowledge is relatively scarce. In
this chapter, genital staphylococcal infection and its relationship with infertility are discussed
in detail.

I m EC H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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2. Overview of staphylococcal infection

2.1. The staphylococci

Bacteria in the genus Staphylococcus are referred to Gram-positive spherical bacteria that widely
affect man and other mammals. The bacteria are about 0.5-1.0 um in diameter and grow in
clusters, pairs, and occasionally in short chains. Staphylococci are divided into two groups
based on their ability to clot blood plasma. The coagulase-positive staphylococci constitute the
most pathogenic species Staphylococcus aureus. The coagulase-negative staphylococci (CNS)
comprise over 30 other species, most of which are commensals of skin without causing
infections. However, the incidence of infections of Staphylococcus epidermidisand other CNS has
currently been rising. Among the known staphylococci, S. aureus is the most important human
pathogen and causes a wide range of clinical infections [1]. It colonizes mainly the nasal
passages, but also the other anatomical locales, such as skin, oral cavity, and gastrointestinal
tract. Critically, S. aureus has been proved to be one of the most prevalent organisms in male
and female genital tract, and its implication in the pathogenesis of reproductive diseases and
infertility has attracted increasing attention [2]. In addition, the CNS stains such as S. epider-
midis and Staphylococcus haemolyticus are also listed as the bacteria that can occupy and
associated with male infertility.

2.2. The pathogenesis of Staphylococcus aureus

S. aureus is the leading cause of bacterial infections affecting an enormous population world-
wide. By invading the bloodstream, lower respiratory tract, and skin and soft tissue, S.
aureus can potentially cause some of the most severe hospital-associated and community-
acquired illnesses. S. aureus produces a myriad of virulence factors that allow the organism to
gain entry into tissues, attach to host cells, and secret exoproteins and toxins. The known
virulence factors include lipoteichioic acid (LTA), toxic shock syndrome toxin-1 (TSST-1),
staphylococcal enterotoxin A (SEA), and staphylococcal enterotoxin B. In addition, S. aureus
expresses a cohort of special factors that indirectly exert pathogenic effects through interfering
with host defense mechanisms. This category involves capsular polysaccharide, protein A, and
leukocidin. The classical Panton and Valentine (PV) leukocidin is considered as a contributing
factor for necrotizing skin infections due to its leukotoxic activity [3]. Recently, a novel strategy
was invented whereby S. aureus successfully escapes neutrophil-mediated defensive machi-
nery and establishes its invasion and infection. In this case, S. aureus secretes the nuclease and
adenosine synthase to convert neutrophil extracellular traps (NETs) to deoxyadenosine, which
triggers the caspase-3-triggered death of immune cells [4].

2.3. The host defense against staphylococcal infection

Neutrophils represent the host’s first line of defense against invasion by S. aureus and a critical
determinant in the outcome of staphylococcal infections. Following the uptake of bacteria,
neutrophils typically undergo accelerated apoptosis and are cleared by macrophages through
efferocytosis. This process results in eradication of the microbe and recovery of inflammation.
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The pathogen recognition pattern receptor, toll-like receptor (TLR2), is proved to be the
dominant receptor for S. aureus. TLR2 on the surface of innate immune cells recognizes the
components of the bacterial cell wall such as teichoic acid, LTA, and PGN-embedded lipo-
peptides [5]. TLR2 then dimerizes with either TLR1 or TLR6 and recruits the adaptor proteins,
such as TIRAP and MyD88, and the serine/threonine kinases IRAK-1 and IRAK-4 to initiate
the subsequent signaling. The signaling cascade ultimately leads to the activation of the
transcription factor nuclear factor-kappa B (NF-kB) and mitogen-activated protein kinases
(MAPKs), which promotes the production of proinflammatory cytokines such as tumor
necrosis factor (TNF)-a, interleukin (IL)-1p, IL-6, and IL-12p70 and chemokines such as (C-C
motif) ligand (CCL)2, CCL3, and CCL4. Besides TLR2, C-type lecin receptors (CLRs) can also
bind to surface sugars of S. aureus and enhance the phagocytic ability of antigen-presenting
cells (APCs) [6]. The cytokines and chemokines released by the innate immune cells and/or
the infected tissue cells have important roles in combating infection of S. aureus. They can
recruit the innate immune cells to site of infection and activate the immune cells to phagocytose
and kill the microbes. However, the extensive infiltration of inflammatory cells and the copious
secretion of proinflammatory mediators may also cause tissue damage and immunopathology
if the inflammation is unresolved.

When innate immune mechanisms are not sufficient to clear the bacterial infection, an adaptive
immunity against S. aureus, such as T helper (Th)1 and Th17, and humoral antibody responses,
might be required [7]. The production of IL-1 and IL-17A, upon activation of Th1 or Th17 cells,
is presumably conductive to the abscess formation at site of infection. Abscessification is
regarded as a hallmark of S. aureus infections and is essential for the clearance of bacteria
through phagocytosis and oxidative burst. On the other hand, Th1 response during S. aureus
infections is frequently associated with the activity of staphylococcal superantigens (SAgs).
For example, TSS has been found to activate roughly 20% of T cells and trigger massive
proliferation of T cells and production of cytokines [8]. A strong proinflammatory/Thl
response was also ascribed to the effect of SEA, which is another staphylococcal SAg.

2.4. Clinical manifestations of staphylococcal infection

Manifestations of staphylococcal infections usually depend on the type of infection, the site,
the route, and the microbial dose. Common types of infections include skin infections (e.g.
folliculitis, furuncles, impetigo, wound infections, and scalded skin syndrome), soft-tissue
infections (e.g. pyomyositis, septic bursitis, and septic arthritis), toxic shock syndrome,
purpura fulminans, endocarditis, osteomyelitis, pneumonia, food poisoning, and urinary tract
infection [1, 9]. Despite associated with such a wide spectrum of clinical manifestations, S.
aureus is still a commensal bacterium. Approximately 30% of the human population is
colonized with this microbe [10]. However, with a growing number of health care-associated
and antibiotic-resistant strain—driven infections, the pathogenic staphylococcal infection has
significantly increased during the past two decades. In particular, the dramatic rising of
antibiotic-resistant strains has become a serious threat to public health. The term MRSA refers
to methicillin-resistant S. aureus with the potential to resist all $-lactam antibiotics such as
penicillins and cephalosporins. Resistance is usually conferred by the acquisition of a non-
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native gene encoding a penicillin-binding protein (PBP2a) that has significantly lower affinity
for B-lactams [11]. In addition to MRSA, the vancomycin-intermediate/resistant S. aureus
(VISA/VRSA) strain has also been reported in staphylococcal infection, particularly in some
cases of enterococcal infection.

3. Epidemiology of genitourinary staphylococcal infection

Barring the role of a few bacteria such as Chlamydia whose impact on fertility has been well
established, the significance of other bacteria in infertility is controversial. An epidemiological
research revealed that the prevalence of bacterial vaginosis (BV) as 70.34% among infertile
women. Previously, the categories of organisms with the potential to cause bacterial infection
in female reproductive system have involved Gardnerella vaginalis, Mobiluncus sp., Bacteroide
sp., Prevotella sp., and Mycoplasma sp. [12]. In general, Gram-positive bacteria were significantly
higher in number than the Gram-negative bacteria. Series of epidemiological studies have
revealed that Staphylococcus is among the top bacterium detected from reproductive organs
and is closely related with infertility. For example, Momoh et al. [13] reported a prevalence
rate of 38.7% S. aureus from high vaginal swab and endocervical swabs and a prevalence of
75% from semen cultures of infertile couples. Another investigation identified S. aureus as the
most prevalent vaginal pathogen (57.33%) among local infertile women, followed by Escheri-
chia coli (25.33%) [14].

Parallel to the situation in females, abnormal presence of Staphylococcus sp. has been increas-
ingly evidenced in the genitourinary system of male patients with fertile problem. In a study
of a total of 140 sperm samples collected from the University of Benin Teaching Hospital, S.
aureus (28.3%) and S. saprohyticus (13.0%) were the most common pathogens found and have
negative effects on sperm motility and morphology [15]. The commonest bacteria isolated from
160 men attending infertility clinics in South-eastern Nigeria were Proteus sp., S. aureus, and
E. coli, and most of the detected strains were resistant to antibiotics assessed[16]. Besides the
S. aureus, other staphylococci are also commonly found in infertile male patients. S. epidermi-
dis was found to be one of the most common bacteria in 295 infertile males at the Hospital
Judrez de México, and the bacteria profoundly affected the sperm motility, pH, morphology,
and viscosity [17].

In healthy women of child-bearing age, the protective mucosa in the vagina is populated with
microflora typically dominated by lactobacilli, and their dominance over pathogenic anae-
robes is positively associated with vaginal health. Thanks to the biological antagonism
provided by a healthy vaginal microbiota, opportunistic microorganisms are in very low
numbers in normal vagina. It is proven that lactobacilli provide a constant acidic pH value and
maintain the appropriate concentration of hydrogen peroxide in the genital environment.
While under the condition of BV, the concentration of lactobacilli reduces but of some
pathogenic bacteria, especially anaerobes or microaerophiles, increase [18]. BV represents the
most common vaginal syndrome that affects fertile, premenopausal, and pregnant women,
with an incidence rate ranging from 20% to 50% [19, 20]. BV is not caused by one specific
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pathogenic microorganism but rather by an imbalance of vaginal microbiota. Staphylococcus
sp., as akind of amphimicrobian, has been established as one of the specific pathogenic bacteria
related to BV. BV is frequently disregarded because the symptoms are often absent or insig-
nificant. However, this vaginal disorder has already become the most common lower genital
tract disorder among women of reproductive age and the most prevalent cause of vaginal
discharge and malodour.

Genitourinary MRSA carriage and infection are not rare. A retrospective study was previously
conducted on 57 pregnant women positive for MRSA over a 4.5-year period. The data showed
that skin and soft tissue infection accounted for 96% of cases and recurrent infection occurred
in 58% of the women [21]. Vaginal colonization with S. aureus and MRSA was further valuated
by Chen et al., who reported that 507 S. aureus isolates (17.1%) were obtained from vaginal
cultures of 2963 pregnant women, of which 14 (2.8%) were MRSA [22]. In addition, MRSA has
become the predominant pathogen that causes the surgically managed infections in the
genitourinary area. S. aureus, along with E. coli, Streptococci, and Trichomonas vaginalis, forms
the abnormal vaginal flora that contributes to the onset of aerobic vaginitis. These pathogenic
bacteria substantially alter the vaginal lactate concentration and increase the levels of inflam-
matory cytokines such as IL-6, IL-1f3 and leukemia inhibitory factor (LIF) in the vaginal fluid.
Two methicillin-sensitive stains of S. aureus (MNPE and CDC587) have been documented to
induce the expression of IL-8 in human vaginal epithelial cells [23]. Alterations in vaginal
microbiology have been associated with many pathological conditions such as endometritis,
miscarriage, premature labor, and infertility [24]. Moreover, the flora and cytokines imbalance
has implicated in the pathogenesis of pelvic inflammatory disease (PID) and cervicitis and is
also a risk factor for urinary tract infection and sexually transmitted disease (STD) [25].

4. Staphylococcal infection and male infertility

Urogenital tract infections in males are one of the significant etiological factors in infertility.
The infection of bacteria such as Staphylococcus sp. has been detected at the male reproductive
tract. Staphylococcal infection in male reproductive organs and accessory glands may exert
detrimental effect on sperm activity. Previous studies indicated that staphylococci not only
affect the sperm activity but also impact the secretory capacity of the epididymis, seminal
vesicles, and prostate [26]. In fact, staphylococci have been identified as one of the most
common strains that can be detected in the male reproductive system. However, the percen-
tages of males that get infected with staphylococci vary with the different isolation methods
and procedures used in different studies. It has been demonstrated that S. aureus infection
significantly interferes with semen quality and activity. It deteriorates the volume of semen
and the concentration of sperm as well as the motility, morphology, and vitality of sperm.
Therefore, a causative relationship may exist between staphylococcal infection and male
infertility. A previous study reported a 20.6% infection of S. aureus in the semen samples from
males with fertility problems. More importantly, S. aureus infection was found to be closely
related to poor semen quality and reduced sperm motility [27]. Also, an investigation by a
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Poland group associated S. aureus infection with abnormal semen parameters or other
surogenital tract infection [28].

Besides these prospective studies, several in vitro studies also support the effect of Staphylo-
coccus on sperm activity and its relation with infertility. It was revealed that infection of the
normal human ejaculated spermatozoa with S. haemolyticus profoundly impacted the archi-
tecture and integrity of the sperm plasma membrane. Bacterial infection serves as a contribu-
ting factor for severe injury of sperm membrane stability and mitochondrial activity with
potential consequences of male fertility [29]. In addition, exposure of ejaculated spermatozoa
to S. haemolyticus was found to trigger a simultaneous decrease in the percentage of sperm with
normal AWm and an increase in the proportion of sperm with Annexin V staining, indicative
of apoptotic cells. The data suggested a determinant role of staphylococcal infection in sperm
fate [30]. Despite the above findings, the role for staphylococci in male infertility has remained
somewhat controversial. A previous study showed that, although Staphylococcus sp. was the
most common bacteria isolated in 299 asymptomatic men undergoing fertility evaluation, the
bacterial counts were not correlated with semen parameters [31].

In an effort to understand the mechanism whereby staphylococci modulate sperm activity,
investigators currently identified some of the key molecules that have profound effect on
sperm activity. Kaur and Prabha et al. firstly identified sperm agglutinating factor (SAF). Based
on the observation that S. aureus can adhere to the sperm head as well as sperm tail and
agglutinate mouse spermatozoa, the group finally isolated a protein with a molecular weight
of approximately 57 kDa from S. aureus and implicated the protein in control of sperm motility
and survival. Moreover, SAF potentially affects various sperm parameters such as Mg*-
dependent ATPase activity, acrosome status, and apoptosis. In support of this, a profound
morphological alteration occurs in the spermatozoa upon binding with SAF, as detected with
scanning electron microscopy. Also, SAF has a spermicidal effect at high concentrations and
may have the potential to function as active ingredient of a vaginal contraceptive. Further
studies indicate that the interaction of SAF with spermatozoa is receptor mediated, and the
receptor has been isolated and purified from human spermatozoa. This sperm surface receptor
component showed homology to glutamate decarboxylase and major histocompatibility
complex (MHC) class I molecule [32]. Intriguingly, the receptor was shown to be able to
counteract the detrimental effects of SAF on sperm parameters and alleviate SAF-induced
infertility in mice [33]. In addition, Prabha et al. isolated the SAF from an E. coli strain. This
kind of SAF also leads to sperm agglutination, the compromised Mg*-dependent ATPase
activity, and spermatozoa apoptosis.

In 2009, another protein with sperm regulatory effect, named sperm immobilization factor
(SIF), was identified from S. aureus. SIF is a protein with the molecular weight of approximately
20 kDa. Similar to SAF, SIF causes multiple defects in the head, midpiece, neck, and tail region
of human spermatozoa [34]. It can completely inhibit Mg> ATPase activity of spermatozoa at
the concentration of 100 pg/ml and reduce calcium ionophore-induced acrosome reaction. The
interaction between SIF and spermatozoa is also ligand-receptor dependent. The analysis by
matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) showed that the
receptor shares sequence similarity with MHC class II antigen. Interestingly, SIF has been
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found to impede motile bacteria, in addition to sperm, such as E. coli, Pseudomonas aeruginosa,
and Proteus mirabilis. The molecular mimicry of SIF receptor has been confirmed between
spermatozoa and bacteria [35].

In addition to the effector molecules mentioned above, some novel mechanisms responsible
for the staphylococcal regulation of sperm have now been discovered. A recent study on the
semen of 589 infertile males indicated that other virulence genes in S. aureus, such as hlg
(33.3%), scn (23.3%), cna (20%), hlb (20%), and clfA (18.3%), were possibly responsible for
spermatozoal immobilization [36]. Berktas et al. raised another point of view that, rather than
the direct interaction between bacteria and sperm, the alteration in genital microenvironment
or ver-consumption of energy by high dose of bacterium led to the loss of sperm motility [37].

5. Staphylococcal infection and female infertility

Bacterial infection in female reproductive system, such as staphylococcal infection, can
profoundly affect all the phases of a woman'’s life in relation to the period of pre-pregnancy,
fertilization, pregnancy, and reproduction. It has been demonstrated that BV is the most
common lower genital tract disorder among women of reproductive age. In particular,
staphylococcal infection is presumed to be a contributing factor for the adverse pregnancy
outcomes and female infertility. Staphylococcal infection causes malodorous vaginal discharge
and is causally associated with sexually transmitted infections. Also, it has been implicated in
the development of endometritis (endometriosis), another crucial factor to female infertility.

5.1. Inflammatory response and hypothalamic endocrine

An immune/inflammatory challenge is considered as an important factor that impinges the
reproduction process in animals and humans [38]. It can affect reproduction at the level of the
hypothalamus, pituitary gland, or gonads. Nonetheless, the major impact is thought to occur
within the brain or the pituitary gland [39]. Bacterial endotoxins can trigger the release of
cytokines and other immune mediators in the hypothalamus, where the luteinizing hormone
(LH)-releasing hormone and gonadotropin-releasing hormone (GnRH) neurons are located
[40]. Numerous in vitro and in vivo studies showed that the immune stress and the subsequent
action of proinflammatory cytokines have a profound impact on the secretory activity of GnRH
and LH neurons in the hypothalamus [41]. These interconnections between the immune and
the neuroendocrine systems are suggested to be based on the mutual sharing of receptors and
mediators.

As described above, staphylococcal infection either in peripheral or directly in vagina can
arouse strong immune/inflammatory reaction systematically or locally. The released cytokines
and chemokines then act on the pituitary gland and reproductive organs, which may finally
lead to menoxenia, irregular ovulation, and infertility. Evidences have shown that staphylo-
coccal infection generates a large quantity of cytokines in female reproductive system. These
mediators have an important role in the control of reproductive neuroendocrine, ovarian
physiology, fetal implantation and development, and placenta function. Previous study
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revealed a correlation between BV, elevated IL-1p and IL-8, and idiopathic infertility, sug-
gesting that abnormal vaginal flora and the vaginal inflammatory response may be responsible
for the idiopathic infertility in women undergoing in vitro fertilization [42].

5.2. Premature ovarian failure

Female mammals are born with a finite number of oocytes that gradually decreases during
prepubertal development and adult life [43]. Each oocyte is encircled by somatic granulosa
cells (GCs) to form the basic functioning unit of the ovary — the follicle. The size of the oocytes
at birth and the rate of endowment depletion dominate the ovarian functional lifespan. On the
other hand, programmed cell death (apoptosis) has been considered one of the most prevalent
mechanisms that contribute to the age-related exhaustion of oocytes. Therefore, a precise
balance has to be achieved between prosurvival and proapoptotic molecules to maintain the
final destiny of the follicle [44, 45].

It is well recognized that immune/inflammatory response participates in many aspects of
reproductive physiology, such as ovulation, menstruation, and implantation. Recent studies
suggest that the inflammatory stress caused by staphylococcal infection may also affect ovarian
reserve and cyclicity in women. Proinflammatory reaction, such as its correspondent neuro-
transmitter secretion, inflammatory gene transcription, and signaling pathway activation, was
thought to play essential roles in the process. Moreover, the production of neurotransmitter,
such as sphingolipid ceramide, further acts as a second messenger to promote age-related
apoptosis of oocytes. Evidence showed that lower ceramide levels observed in acid sphingo-
myelinase-deficient mice resulted in a larger postnatal pool of oocytes compared with their
wild-type counterparts. Conversely, Bax-null female mice exhibited to extend the ovarian
lifespan [46]. These data may provide novel perspectives on the regulation of oocyte dynamics
by bacterial infection and link the critical biological processes such as infection, inflammation,
cell survival, and female fertility.

5.3. Bacterial vaginosis and endometritis

BV is a polymicrobial syndrome mainly due to an imbalance of vaginal microbiota. Coloniza-
tion and proliferation of staphylococci is supposed to be one of the reasons for the increase in
pathogenic bacteria, anaerobic bacteria, or microaerophiles. During the pathogenesis of BV,
the overgrowth of anaerobes promotes the production of noxious substances, such as polya-
mines and other compounds. These metabolic products may further trigger the release of
proinflammatory cytokines IL-1f3 and IL-8 and thus cause tissue damage and physiological
imbalance [47]. BV can directly affect congenital formation and female fertility as an ascending
dissemination of the related bacteria species proved to cause tubal factor infertility.

Another complication accompanied by vaginal staphylococcal infection is chronic endome-
tritis (CE), a local inflammatory disease characterized by unusual plasmacytic infiltration in
the endometrial stromal areas [48]. CE frequently happens in the later stage of the infection or
under repeated infection. It tends to be neglected in gynecologic practice because of its less
apparent symptom and the requirement of time-consuming histopathologic examinations. In
most cases, the diagnosis is made based on gynecological indications, such as abnormal uterine
bleeding (AUB) and infertility [49]. In a study on 64 CE patients and 28 healthy women, the
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biochemical analysis revealed that IL-6, IL-1(3, and TNF-a levels were markedly higher in
menstrual effluents of women with CE when compared with control subjects [50]. It is
suggested that the infection and inflammation alter the endometrial cytokine profiles, which
may further impair endometrial function and lead to menstrual abnormalities and reduced
embryo receptivity [51]. Moreover, the proteomic analysis identified the key signaling
pathways involved in inflammation and oxidative stress are closely related with carcinoge-
netic processes. These studies associate the onset of CE with female infertility, obstetric and
neonatal abnormity, and complications. The altered endometrial gene expression may explain
theimpaired endometrial receptivity and endometrial hyperplasticlesions observed in women
affected by CE [52].

5.4. Abnormal fetal implantation

In rodents and humans, implantation is the first coordinated encounter between mother and
baby. The abnormal implantation and placentation may lead to various dysfunctions through-
out the pregnancy. Pre-eclampsia (PE) is a pregnancy-induced disorder characterized by
hypertension and proteinuria. It is estimated to affect about 8% of pregnancies and is thought
to be unique to humans [53]. The etiology of PE still remains poorly understood, but abnormal
placentation is proved to be a major reason for this disease. In addition, local infection and
immune responses are critically involved in the process of implantation [54]. Increased
placental secretion of proinflammatory cytokines as well as the angiogenic regulators has been
implicated in the widespread maternal endothelial dysfunction and the development of PE. It
has been shown that cytokines produced within the uterine microenvironment can alter
trophoblast action [55], impair implantation, and placenta vascularization, which may account
for the recurrent miscarriage in women [56]. Elevated circulating IL-15 levels, proportional to
severity of diseases, have been detected in the serum of PE mothers when compared with
healthy controls [57]. Also, IL-11 is also proved to be a contributing factor for the impaired
trophoblast invasion, spiral artery remodeling, and altered placental labyrinth morphology.
These functional abnormities further lead to the development of PE-like features, such as
elevated systolicblood pressure (SBP), proteinuria, and kidney glomerular pathology. Another
proinflammatory cytokine, interferon (IFN)-y, was also elevated in plasma, circulating
leukocytes, and decidua of patients with PE [58]. Besides this, decidual natural killer (dNK)
cells, the predominant immune cell, coincide with the decidualization at the maternal-fetal
interface in human and mice. All of these studies point to a critical role of immune/inflamma-
tory response during the implanting and placental development. More importantly, vaginal
Staphylococcus infection, an infectious agent frequently observed in the uterus, may participate
in the development of implantation disorder presumably by the induction of local immune
reaction.

6. Therapy

Antibiotic strategy is considered the most potential therapeutic methods against staphylococ-
cal infection and the resultant infertility. However, the emergence of antibiotic resistance has
dramatically increased in the past two decades and becomes a serious threat to the worldwide

167



168  Genital Infections and Infertility

public health. According to the National Healthcare Safety Network (NHSN) and Centers for
Disease Control and Prevention, S. aureus and Enterococcus are the two most commonly
reported pathogens, accounting for 15.6% and 13.9% of health care-associated infections,
respectively. In particular, S. aureus is notorious for its ability to acquire the resistance to any
antibiotic during the treatment of infection-associated infertility.

6.1. Methicillin

The introduction of penicillin in the early 1940s significantly reduced fatal invasive staphylo-
coccal infection. However, the resistant strains, mostly S. aureus strains, emerged rapidly.
These strains possess a plasmid-encoding enzyme, penicillinase, which can irreversibly
hydrolyze the (3-lactam, thus acquiring the drug resistance. Methicillin is a narrow-spectrum
[-lactam antibiotic of the penicillin class. It can effectively block the synthesis of bacterial cell
walls by inhibiting the peptidic cross-linkage between the linear peptidoglycan polymer
chains. Therefore, the antibiotic destroys the integrity of the cell wall and selectively kills Gram-
positive bacteria. Compared with penicillin, methicillin harbors an orthodimethoxyphenyl
group attached to the side chain of the (3-lactam, which, in turn, forms a steric effect to prevent
penicillinase from hydrolyzing the 3-lactam. Even though, the first strain of MRSA, with an
altered PBP2a to reduced affinity for the p-lactam, was reported two years later [59]. Now,
MRSA refers to any strain of S. aureus that has developed resistance to (3-lactam antibiotics
such as the penicillins (methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and the cephalospor-
ins. Resistance is generally conferred by the acquisition of the mecA gene, which encodes a
PBP2a. Due to the significantly decreased affinity for (3-lactams, MRSA strains restore the
ability of cell wall biosynthesis to continue even in the presence of typically inhibitory
concentrations of antibiotic [11].

6.2. Vancomycin

Vancomycin belongs to the glycopeptide antibiotic class and is effective in treatment of serious
infections caused by Staphylococcus. It is one of the main resources for combating infections
caused by MRSA but is not recommended to treat the disease caused by methicillin-sensitive
S. aureus (MSSA). Vancomycin is a complex compound consisting of a branched tricyclic
glycosylated peptide and is a rare example of a halo-organic natural compound containing
two covalently bonded chlorine atoms. The bactericidal activity of vancomycin is associated
with its ability to bind at the D-Ala-D-Ala dipeptide terminus of the nascent peptidoglycan in
Gram-positive bacteria and thereby to inhibit the peptidoglycan synthesis [60]. Common side
effects associated this antibiotic involve pain in the area of injection and allergic reactions, and
problems with hearing, low blood pressure, or bone marrow suppression occasionally occur.
The strain with the reduced susceptibility to vancomycin (VISA) was first described in 1996,
and the alteration of the D-Ala-D-Ala dipeptide was supposed to be the main reason under-
lying this resistance.

6.3. Linezolid

Linezolid has been used for treatment of serious infections caused by Gram-positive bacteria
that are resistant to other antibiotics such as MRSA. Its spectrum of activity is similar to that
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of vancomycin, a well-established antibiotic for MRSA infections. Either linezolid or vanco-
mycin has been recommended by the US guidelines as the first-line treatment for hospital-
acquired (nosocomial) MRSA pneumonia [61]. Mechanistically, linezolid binds to the 50s
subunit of the bacterial ribosome through interaction with the central loop of the 235 rRNA
and thus impedes the growth of bacteria by disrupting their production of proteins. Point
mutation of 23S rRNA is the most common mechanism of linezolid resistance [62]. The
common side effects of linezolid include diarrhea, headache, nausea, vomiting, rash, consti-
pation, altered taste perception, and discoloration of the tongue, although they happen
relatively rarely.

6.4. Daptomycin

Daptomycin is the first cyclic lipopeptide approved for clinical use in 2003. It is a calcium-
dependent antibiotic comprising a lipid molecule conjugated with anionic peptide. Daptomy-
cin interacts with the cytoplasmic membrane in a calcium-dependent, leading to the cell
membrane depolarization, ion loss, and cell death [63]. Many antibiotic-resistant strains, such
as MRSA and VRSA, were found to be effectively inhibited by daptomycin. Till 2008, the first
case of daptomycin resistance was reported, and the underlying mechanism is currently still
not very clear [64]. However, the mutation of the mprF gene, which encodes lysyl-phospha-
tidyl glycerol (LPG) synthetase, might be related to the occurrence of resistant strains. LPG
can catalyze the coupling of lysine to PG and transfer the lysyl-PG to the outer leaflet of the
membrane. In this way, LPG increases the positive charge and thus reduces the binding of
Ca*-bound daptomycin to bacterial membranes [65].

Besides the routinely used antibiotics mentioned above, numerous new antibiotics are
developed to serve as the alternatives in treating staphylococcal infection and the associated
infertility. For example, teicoplanin or quinupristin/dalfopristin has been widely used with
daptomycin to treat Gram-positive bacterial infection. Some of the potential antibiotics, such
as oritavancin and iclaprim, are currently in the early stages of clinical development, and other
promising candidates, such as ceftobiprole, dalbavancin, and telavancin, are still being
developed [66].
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Abstract

Human immunodeficiency virus (HIV) infection has become a chronic and manage-
able disease since the availability of combination antiretroviral therapy (cART). Per-
sons living with HIV are living longer with better quality of life. Given that
worldwide many HIV-infected individuals are in the reproductive age, fertility and
reproductive desire have emerged as clinically important issues among this popula-
tion. Biological changes caused by HIV, including systemic illnesses, stress, and
weight loss, may affect the function of reproductive organs and result in infertility.
Newly diagnosed HIV infection may cause psychological trauma and decrease in
sexual drive and sexual activity. Several HIV/acquired immune deficiency syn-
drome (AIDS)-related comorbidities have been reported to be associated with infer-
tility. These include orchitis, acute epididymitis, and pelvic inflammatory disease
caused by opportunistic pathogens and coinfections with sexually transmitted in-
fections (STIs) acquired through a similar route of transmission as HIV. The com-
mon STIs caused by Neisseria gonorrhoeae, Chlamydia trachomatis, Ureaplasma
urealyticum, Treponema pallidum, herpes simplex virus-2, and Trichomonas vaginalis
can damage the reproductive system and cause infertility. Hypogonadism especial-
ly in men with AIDS is one of the important endocrine disorders that causes infertil-
ity. Although cART provides significant benefits in reducing morbidity and
mortality among HIV-infected persons, some antiretroviral drugs, including nu-
cleoside reverse transcriptase inhibitors, are toxic to cellular mitochondria and may
affect the mitochondrial biogenesis of sperm and oocytes. HIV-infected individuals
may have limited access to reproductive care given the severity of their disease, cost
of care, stigmatization, and lack of specific HIV infection/infertility knowledge
among their providers.

In the post—cART era, reproductive care has become an important issue to be co-
managed with HIV care. Reproductive care includes not only comprehensively
managing HIV infection but also minimizing the risk of horizontal HIV transmis-
sion in serodiscordant couples, providing suitable options for unprotected timed in-
tercourse, intrauterine insemination with partner or donor sperm, in vitro
fertilization with intracytoplasmic sperm injection (IVF/ICSI), embryo donation,
and adoption. This chapter reviews potential effects of HIV infection, related oppor-
tunistic infections, and physical and psychological comorbidities on fertility; the im-
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pact of cART on fertility; and the management of reproductive issues among HIV-
infected individuals.

Keywords: HIV, AIDS, Infection, Infertility

1. Introduction

There were approximately 37 million people living with human immunodeficiency virus
(PLWHIV) globally at the end of 2014.[1] The course of HIV infection has changed from a
deadly disease to a chronic and manageable disease since the introduction of combination
antiretroviral therapy (cART) in the 1990s. The estimated life expectancy of a 20-year-old
PLWHIV has increased from 30 years during 1996-1999 to 46 years during 2006-2008 accord-
ing to the UK Collaborative HIV Cohort Study.[2] The increased life expectancy along with
improved quality of life has led to increase in reproductive desire among this population.|[3]
Fertility of PLWHIV can be affected by HIV infection and associated infections. Infections can
physically impact the anatomical structure and biological function of the reproductive system,
whereas stress and psychiatric disorders related to HIV infection may lessen sexual drive and
frequency of sexual intercourse. In addition, socioeconomic factors including limited financial
means, difficulty accessing HIV care, and stigmatization can contribute to social withdrawal
and reduced reproductive potential among PLWHIV. Management of reproductive health
along with cART has become a necessary component of comprehensive HIV care in the post-
cART era. The etiologies and epidemiology of HIV-related infertility, factors that may impact
fertility, and management options and considerations for infertility among HIV-infected
individuals are reviewed in this chapter.

2. Epidemiology of HIV-related infertility

The data on the magnitude and burden of HIV-related infertility derive mostly from studies
conducted among HIV-infected women. A previous study using data from case—control
studies and theoretical predictions from a model of the proximate determinants of fertility and
HIV incidence in African countries demonstrated the 25-40% lower rate of fertility among
HIV-infected women compared to HIV-negative women.[4] In a prospective cohort study from
the United States during 1994-2002, women with HIV were less likely to conceive than
uninfected women (pregnancy rates 7.4 vs.15.2 per 100 person-years, respectively).[5] Using
demographic and health surveys between 2003 and 2007, the Joint United Nations Program
on HIV/AIDS (UNAIDS) estimated that the global age-specific fertility ratio for HIV-infected
women in the reproductive age group of 2044 years is 0.53 to 0.76 compared to that of women
without HIV.[6] A survey study conducted at HIV fertility clinics in the United Kingdom
demonstrated a 40% prevalence of tubal factor infertility among HIV-infected women.[7]
Despite the infertility in women living with HIV, pregnancy rates among this population have
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increased steadily over the past 10 years to between 4 and 6 pregnancies per 100 person-years,
varying by region due to the advances in HIV treatment and mother-to-child transmission
prevention.[8] This may reflect an increase in reproductive desire and/or unexpected preg-
nancies and indicate the need for reproductive health care, fertility management, and family
planning along with HIV comprehensive care among PLWHIV.

3. HIV effects on fertility

There are several factors associated with HIV infection that can potentially affect fertility in
PLWHIV. These factors can be categorized into biological factors, psychological factors, and
social factors (Figure 1).

Factors associated with infertility

Biological factors

Psychological factors

Advanced age

Degree of immunosuppression
Poor adherence to cART
Systemic illnesses

Stress

Weight loss

Protracted anovulation and
amenorrhea (women)
Impairment of sperm parameters
(men)

Loss of germ cells within testes
(men)

Primary and secondary
hypogonadism
Sexually-transmitted infections
Opportunistic infections

Other genital tract infections
NRTIs toxicity

Feeling of guilt and shame
Being afraid of HIV transmission
Awareness of challenges in
pregnancy, birth and parenting in
the context of HIV infection
Concerns about personal health

and cART efficacy

Social factors

Financial problems

Limited reproductive care access
Social norms and values of
reproductive care and HIV/AIDS
HIV stigmatization

Lack of knowledge among caring
physicians

Limited availability of assisted

reproductive therapy

Note: AIDS, acquired immune deficiency syndrome; cART, combination antiretroviral therapy; HIV, human immuno-
deficiency virus; NRTIs, nucleoside reverse transcriptase inhibitors.

Figure 1. Factors associated with infertility among people living with human immunodeficiency virus
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3.1. Biological factors

Demographic characteristics that have been reported to be associated with low rates of
pregnancy among HIV-infected women include advanced age, white ethnicity (compared to
black ethnicity), having CD4 cell count of less than 100 cells/mm?, and poor adherence to cART.
[8-10] Systemic illnesses from HIV and its related comorbidities, stress, and weight loss
generally impact the reproductive potential of both sexes.[3] HIV-infected women are more
likely than non-HIV-infected women to have protracted anovulation and amenorrhea.[11-14]
The number of ovulatory cycles was found to correlate with the severity of immunosuppres-
sion and having an AIDS diagnosis. Although there have been no reports of ovarian aging or
failure,[15] HIV-infected women may have reduced ovarian reserve.[16] In HIV-infected men,
impairment of sperm parameters affecting fertility has been described. The impairment
includes lower ejaculation volume, sperm count, and progressive motility (defined as the
percent of sperm with forward motility) despite normal morphology compared to non-HIV-
infected men.[17-19] Sperm concentration levels, total count, and motility were found to
positively correlate with the height of the CD4 cell count, indicating the adverse effect of
worsening immunodeficiency on these sperm parameters.[19] Other studies demonstrated
that the semen of HIV-infected men was more viscous and contained fewer motile sperm but
more round cells.[20] In addition, a study of testicular specimens from autopsy samples (1981-
1998) revealed progressive loss of germ cells within the testes with prolonged survival with
AIDS.[21] Although recent data indicate that cART significantly decreased total sperm count
and progressive motility and increased the proportion of abnormal sperm forms,[22] these
adverse effects are balanced by the overwhelming benefits of cART for immune reconstitution,
morbidity and mortality reduction, and overall improvement of sperm characteristics associ-
ated with higher CD4 cell counts.

3.1.1. Hypogonadism and HIV/AIDS

Hypogonadism was recognized as a relatively common condition early in the HIV epidemic
and characterized by a low level of testosterone among HIV-infected men. Hypogonadism can
be categorized into primary hypogonadism, which is a disorder of the testes, and secondary
hypogonadism, which is a disorder of the pituitary or hypothalamus. Hypogonadism can be
associated with various signs and symptoms, including muscle wasting, weight loss, low bone
mineral density, and decreased libido.[23] During the early course of HIV disease, men tend
to have normal serum testosterone levels. As the disease progresses to AIDS, low serum
testosterone levels become more frequent, particularly in those with more advanced immu-
nosuppression (e.g., CD4 cell count less than 100 cells/mm?®). Early in the HIV epidemic, 30—
50% of symptomatic HIV-infected men had low total serum testosterone levels, which
significantly correlated with weight loss and CD4 cell depletion.[24-26] The prevalence of
hypogonadism in HIV-infected men has decreased with cART initiation occurring at earlier
stages of HIV infection. Effective HIV therapy can normalize testosterone levels over time.[27]
Most cases of decreased testosterone levels in HIV-infected men are related to secondary
hypogonadism.[24, 28] Other characteristics that have been reported to be associated with low
testosterone levels include older age, a detectable HIV RNA level of greater than 10,000 copies/
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mL, injection drug use, hepatitis C coinfection, high body mass index, and insulin resistance.
[28-31] In addition, several medications commonly used among HIV-infected individuals can
affect testosterone levels through varied mechanisms. Systemic glucocorticoids and megestrol
acetate can cause hypogonadism by suppressing the hypothalamic—pituitary—gonadal axis,
whereas a high dose of ketoconazole (at least 400 mg per day) directly inhibits steroidogenesis.
Psychotropic medications can cause hyperprolactinemia and testosterone deficiency, whereas

chronic use of alcohol, opiates, and marijuana can impair testosterone production.[32, 33]

Primary hypogonadism

Secondary hypogonadism

Congenital abnormalities

- Klinefelter’s syndrome

+ Other chromosomal abnormalities

(e.g., 46, XY/XO; 47, XYY)

- Mutation in the FSH and LH receptor genes

- Cryptorchidism

- Disorders of androgen biosynthesis

- Myotonic dystrophy
- Congenital anorchia

- Varicocele

Congenital abnormalities
- Congenital GnRH deficiency
- Leptin or leptin receptor mutation

- Gonadotropin subunit mutations

Acquired diseases
- Infectious orchitis

- Radiation

- Alkylating and antineoplastic agents

- Ketoconazole

- Glucocorticoids

- Dibromochloropropane

+ Trauma

- Testicular torsion

- Bilateral orchiectomy

- Autoimmune damage

- Chronic systemic diseases
- Cirrhosis

- Chronic kidney disease

- Idiopathic

Acquired diseases

- Hyperprolactinemia

- Gonadal steroids

- Glucocorticoids

- Continuous opiate administration
- Critical illness

- Chronic systemic illness

- Anorexia nervosa

- Diabetes mellitus

- Obesity

- Pituitary adenoma

- Metastatic tumor damaging pituitary gland
- Sarcoidosis

- Hemochromatosis

- Tuberculous meningitis

- Pituitary apoplexy

- Trauma

- Idiopathic

Note: FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone.

Table 1. Causes of hypogonadism in males
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HIV-infected men with symptomatic hypogonadism may present with loss of facial and body
hair, decreased muscle mass and strength, diminished libido, impotence, testicular atrophy,
gynecomastia, depression, low energy, and poor concentration.[34] Diagnosis of hypogonad-
ism is made based on a clinical suspicion and low serum testosterone levels (generally less
than 300 ng/dL). The screening test of choice is the serum total testosterone concentration (free
plus protein-bound fractions). However, in some cases, the total testosterone levels may be
normal, whereas the free levels may be low because of the higher sex hormone-binding
globulin levels among HIV-infected persons. Thus, in a patient with suspected testosterone
deficiency and serum total testosterone concentration in the lower half of the normal range
(less than 500 ng/dL), the free testosterone levels should be assessed.[34] Testosterone levels
should not be evaluated during an acute illness because of the transient decline of androgen
levels related to the acute event. To distinguish between primary and secondary hypogonad-
ism, follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels need to be
measured. The elevated FSH and LH levels suggest primary hypogonadism, whereas normal
or low levels of FSH and LH are consistent with secondary hypogonadism. Further evaluation
should be geared toward diagnosing the possible causes of primary and secondary hypogo-
nadism in HIV-infected men as detailed in Table 1.

3.1.2. Comorbid diseases and HIV/AIDS

3.1.2.1. Sexually Transmitted Infections (STls)

The impact of STIs on fertility among PLWHIV depends on the local prevalence of the STIs.
Given the common route of transmission of causative agents and immunosuppressive status
caused by HIV, STIs tend to be more prevalent, to be more severe, to take longer to resolve,
and to be more prone to treatment failure in HIV-infected persons compared to the general
population. Common causative pathogens for STIs among PLWHIV include bacteria, such as
Neisseria gonorrhoeae, Chlamydia trachomatis, Ureaplasma urealyticum, Mycoplasma hominis,
Mycoplasma genitalium, Treponema pallidum, Haemophilus ducreyi, and Klebsiella granulomatis;
viruses, such as hepatitis B and C viruses, herpes simplex virus (HSV), and human papillo-
mavirus (HPV); and protozoa, such as Trichomonas vaginalis. The underlying pathogenesis for
STI-related infertility is direct damage and subsequent anatomical and functional abnormali-
ties of the genital organs, including the testes and epididymis in men and cervix, uterus,
fallopian tubes, and ovaries in women. A previous study demonstrated that the DNA of STI
pathogens was detected in semen of 45 of 241 asymptomatic men seeking an infertility
investigation (19%) and was associated with a decrease in sperm concentration, motile sperm
concentration, total sperm count, and neutral alpha-glucosidase concentration.[35]

Gonorrhea is a STI caused by N. gonorrhea and commonly manifests as urethritis in both sexes
and pelvic inflammatory disease in women. The reported complications related to fertility of
gonorrhea include urethral strictures and subsequent impairment of testicular functions in
men.[36] Similarly, C. trachomatis can cause urethritis in both sexes and pelvic inflammatory
disease in females. Epidemiologic data suggest that C. trachomatis may be associated with tubal
obstruction and subsequent infertility in women.[37] The impact of Mycoplasma, that is, U.
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urealyticum, M. hominis, and M. genitalium, on fertility is uncertain. U. urealyticum may cause
infertility through its effects on sperm chromatin and DNA, whereas M. genitalium can attach
to spermatozoa and can be transported to the female genital tract.[38, 39] Syphilis is caused by
T. pallidum and is more prevalent among PLWHIV. Orchitis, epididymitis, and testicular mass
have been reported as manifestations of syphilis in HIV-infected men.[40, 41] Although H.
ducreyi and K. granulomatis do not directly affect the reproductive tract, they both cause ulcers
and lymphadenopathy around the genital area, which may affect reproductive potential.

Chronic viral hepatitis B and C can cause impairment in sperm concentration, motility,
morphology, and viability, whereas HPV primarily affects sperm motility.[42] The presence
of HSV DNA in semen has been associated with decreased sperm concentration and reduced
motility.[43] In HIV-infected women, chronic HPV infection increases the risk of cervical
cancer development and possibly leads to infertility. An important protozoan T. vaginalis is
the cause of vaginitis, endometritis, adnexitis, and pyosalpinx in women, which can lead to
infertility and preterm birth and low birth weight of the newborn.[44] In men, it is associated
with complications including urethritis, prostatitis, epididymitis, and infertility through
inflammatory damage or interference with sperm function.[44]

3.1.2.2. Opportunistic Infections (Ols)

HIV-infected persons are at increased risk for opportunistic infections (Ols) depending on their
degree of immunosuppression. Tuberculosis is a common OI in HIV-tuberculosis endemic
locales and its prevalence is higher among PLWHIV compared to non-HIV-infected persons,
regardless of the CD4 cell count. Genital tract infection caused by Mycobacterium tuberculosis
contributes to infertility and poorer reproductive health outcomes in both sexes.? Salmonello-
sis, toxoplasmosis, and cryptococcosis can manifest as disseminated infections involving the
genital organs. Although cytomegalovirus (CMV) can cause orchitis and epididymitis in HIV-
infected men, there are no data on its effect on sperm characteristics.[42] Candidiasis is
frequently reported among HIV-infected persons with CD4 cell counts less than 200 cells/
mm?®, Itis the cause of balanitis in men and vaginitis and cervicitis in women, which may affect
fertility.

3.1.2.3. Other infections

Other infectious causes of orchitis in both HIV-infected and non-HIV-infected men include
bacteria, such as Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus
spp., and Streptococcus spp., and viruses, such as mumps, varicella, coxsackievirus, and
echovirus.[45] These infections may also contribute to infertility.

3.1.3. Antiretroviral agents

Nucleoside reverse transcriptase inhibitors (NRTIs) remain key components of recommended
cART regimens. They inhibit HIV-1 reverse transcriptase, which reduces viral replication and
improves disease control. However, these medications also inhibit mitochondrial DNA
(mtDNA) synthesis and cause a decrease in polypeptides involved in electron transport, which
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can result in cell injury.[46] The degree of mitochondrial toxicity is specific to each NRTI.
Theoretically, an HIV-infected person’s fertility may be affected by NRTI use via the damage
to mitochondrial biogenesis of gametes.? This is supported by the mtDNA depletion observed
in sperm and oocytes of HIV-infected patients taking NRTIs and in low oocyte mtDNA in
patients with ovarian insufficiency.[47-49] Data from epidemiologic studies are conflicting
regarding the impact of cART on fertility. A prospective cohort from the United States reported
the lower likelihood of conception associated with antiretroviral therapy among HIV-infected
women,[5] whereas a more recent study from Africa demonstrated significantly higher
pregnancy rates among HIV-infected women on cART compared to those not on cART.[50]
However, these two studies were conducted in different settings and time, and specific
behavioral and biological mechanisms were not explored. Zidovudine (azidothymidine, AZT)
is the NRTI drug that has been studied the most. In animal studies, AZT has been shown to
suppress cell division in the preimplantation mouse embryo, causing reduction in inner cell
mass proliferation, greater number of resorptions, and fewer fetuses.[51, 52] A previous study
demonstrated that exposure to NRTI transplacentally caused significant fetal mitochondrial
damage in experimental monkeys.[53] Unfortunately, there have been no studies examining
fertility effect of NRTIs in humans.

3.2. Psychological factors

Decrease in sexual activity after a new diagnosis of HIV infection is usually observed and may
be accompanied by the feeling of guilt and shame and aggravated by the stigma related to HIV
infection.[54] Individuals recently diagnosed with HIV infection reported to have decreased
desire for or interest in sex relations. They also reported to use condom more consistently
during sexual intercourse to avoid transmission of HIV to their partners.[55] Previous studies
indicated that HIV-infected women often chose to avoid pregnancy.[56, 57] However, another
study revealed that high-risk behaviors, unplanned pregnancies, and pregnancy termination
remain prevalent among this population.[58] In the pre-cART era, there was a significant
increase in the pregnancy termination rate from 3.5 to 6.3 per 100 women-years following a
new HIV diagnosis in the United Kingdom and Ireland[56] and 47% of pregnancies were
voluntarily terminated following a new HIV diagnosis in an Australian study.[57] The reasons
for pregnancy termination may include challenges of pregnancy, birth and parenting in the
context of HIV infection, concerns about increased risks of complications related to pregnancy
and delivery, and risk of HIV transmission to the newborn. A previous study reported that
unplanned pregnancy, lower CD4 cell count, and having an HIV-infected current partner were
factors associated with the decision to terminate a pregnancy.[59] Following the introduction
of cART with overall improvement in health and immune status of HIV-infected women, the
rates of elective pregnancy termination after a HIV diagnosis were 22%-26% decreased from
the pre—cART period.[60, 61] With the success of cART in preventing mother-to-child HIV
transmission, HIV infection was reported to have no effect on desire for pregnancy among
young urban African Americans aged 15-24 years.[62] Reproductive desire among PLWHIV
may now be associated with personal health, cART, concern about HIV transmission, and
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social factors. Some HIV-infected persons have an increased desire for children as a way of
concealing their HIV-infected status and improving their feelings of self-worth. Others stated
that their HIV diagnosis increased their desire for children at an earlier age and some chose to
have children following advances in HIV care.[63-65]

3.3. Social factors

The HIV/AIDS epidemic has a significant impact on the economic and political stability of a
nation. Awareness of HIV/AIDS at the population level may affect the age of sexual debut,
frequency of sexual intercourse, safer sex and contraceptive practices, perceived value of
marriage, social norms, and fertility intentions and choices of PLWHIV.®> The dramatic
improvement in the life expectancy of PLWHIV and reduction in HIV transmission rates
following treatment of the infected partner have changed ethical considerations regarding
childbearing in HIV-infected individuals. Early in the HIV/AIDS epidemic, pregnancy in HIV-
infected women was considered morally problematic, whereas recently, the Ethics Committee
of the American Society for Reproductive Medicine stated that it is ethical for health care
providers to assist PLWHIV who seek pregnancy when optimal precautions to prevent HIV
transmission are utilized.[66] Despite more opportunities for access to reproductive care,
PLWHIV still face multiple obstacles. First, the severity of their disease, level of immunosup-
pression, presence of Ols, and other comorbid diseases may impair their fertility. Second, their
HIV provider may have limited knowledge to counsel them on reproductive health issues, and
infertility specialists may have limited expertise in providing care for HIV-infected persons.
Third, HIV stigmatization could potentially preclude them from establishing reproductive
care. Finally, assisted fertility therapy (AFT) is technically complicated in regard to HIV
transmission prevention and costliness and may not be available in all settings.[3]

4. Fertility management

Fertility management for PLWHIV should be comprehensive and involve cART, specific
management for factors associated with infertility, and AFT while minimizing the risk of
horizontal and vertical transmission of HIV.

4.1. Combination antiretroviral therapy

With advances in the development of antiretroviral agents, cART has become more potent and
effective, more tolerable and convenient to administer, and less toxic. Current guidelines
recommend that PLWHIV should receive cART when they are willing and able to commit to
treatment and understand the benefits and risks of therapy and the importance of adherence,
regardless of the CD4 cell count level.[67] The benefits of early cART among persons with a
CDA4 cell count above 500 cells/mm?® were demonstrated in a recent large-scale randomized
trial that showed a reduction in mortality, AIDS-related events, and non-AIDS-related events
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in those started on cART immediately versus waiting until the CD4 cell count fell below 350
cells/mm?®.[68] The currently recommended initial cCART regimens consist of a backbone of two
NRTIs and any one drug from the following drug classes: non-NRT]I, protease inhibitor with
abooster, or integrase inhibitor with or without a booster.[67, 69, 70] The initial cART regimens
recommended by different consensus guidelines are shown in Table 2. A patient-specific
regimen from these lists will be chosen based on convenience of administration, adverse
reactions, local availability, cost, and health plan coverage. The goals of cART are immunologic
response, defined as an increase in CD4 cell count, and virologic response, defined as HIV
RNA suppression below the lower limit of detection. By extending life expectancy and
improving overall health, immunity, and quality of life from cART, cART is expected to
improve fertility outcomes. Achieving a sustained virologic response is particularly important
to reduce the risk of HIV horizontal and vertical transmission during conception attempts,
pregnancy, and delivery.

DHHS 2015 EACS 2015 WHO 2013
ABC +3TC + DTG ABC +3TC + DTG TDF + FTC/3TC + EFV
TDF + FTC + DTG TDF + FTC + DTG
TDF + FTC + EVG/c or
TAF + FTC + EVG/e TDF + FTC + EVG/c
TDF + FTC + RAL TDF + FTC + RAL
TDF + FTC + DRV/r TDF + FTC + DRV/r
TDF + FTC + RPV

Note: 3TC, lamivudine; ABC, abacavir; DHHS, the U.S. Department of Health and Human Services; DRV/r, ritonavir-
boosted darunavir; DTG, dolutegravir; EACS, European AIDS Clinical Society; EFV, efavirenz; EVG/c, cobicistat-boosted
elvitegravir; FTC, emtricitabine; RAL, raltegravir; RPV, rilpivirine; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil
fumarate; WHO, World Health Organization.

Table 2. Recommended first-line combination antiretroviral therapy regimens based on consensus guidelines
4.2. Specific management for factors associated with infertility

4.2.1. Management of biological factors

Immunosuppression and wasting syndrome can be improved by cART. In addition, PLWHIV
who are taking cART with sustained immunologic and virologic responses will have reduced
incidences of Ols, such as tuberculosis, salmonellosis, toxoplasmosis, cryptococcosis, CMV
infection, and candidiasis. NRTIs selected for the backbone of a cART regimen should have
the least toxicity on mitochondria to minimize the impact on oocytes and sperm. These “safer”
NRTIs include tenofovir, abacavir, lamivudine, and emtricitabine.[67, 69, 70] Good general
health and less physical stress are associated with normal ovulation and menstrual cycles in
HIV-infected women, whereas cART improves overall sperm parameters among HIV-infected
men. STIs, Ols, and other infections should be promptly diagnosed and treated to prevent
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damage to the genital organs. It is important that sex partners of patients with STIs should be
counseled, tested, and treated accordingly.

Hypogonadism should be recognized early, correctly diagnosed, and treated in HIV-infected
men. Testosterone treatment is indicated in men with low serum concentrations of testosterone
and any of the following signs or symptoms including low libido and/or hypogonadal
symptoms, low bone mineral density, low body mass, or weight loss despite virologic response
to cART. Prior to initiation of testosterone replacement therapy, patients should be evaluated
for coexisting depression and psychosocial stressors along with baseline laboratory studies
including complete blood count, a metabolic panel, lipid panel, and a prostate-specific antigen
(PSA). Long-term effects of suppression of the hypothalamic—pituitary—gonadal axis, promot-
ing malignancy of the prostate gland and cardiovascular diseases, in those older than 60 years
should be carefully monitored. Patients with a history of prostate cancer, a palpable prostate
nodule, or an elevated PSA should not be prescribed testosterone replacement therapy.[34,
71] The routes of testosterone administration should be based on the patient’s preference and
include transdermal patch, gel, and intramuscular injection. For injections, the initial dose is
200 mg every 2 weeks or 100 mg every week. The dose can be titrated based on testosterone
levels measured midway between injections aiming for the mid-normal reference range.
Testosterone replacement therapy should continue as long as there are symptomatic benefits
and no adverse effects.

4.2.2. Management of psychological and social factors

Knowledge about HIV and its epidemiology, routes of transmission, clinical course, long-term
prognosis, and benefit of cART is critical to PLWHIV in reducing HIV transmission to their
sexual partners and improvinge their adherence and outcomes. A previous study demon-
strated that increased reproductive intention was associated with patient optimism regarding
cART efficacy.[72] To overcome the challenges in pregnancy, birth, and parenting, PLWHIV
should be informed about the recent advances in antenatal, perinatal, and postnatal care to
prevent HIV transmission to their newborns. Family planning counseling should be provided
to prepare them for child rearing and to cope with any problems they may face. Issues on
reproductive care access for PLWHIV are very new for many developing countries, because
the main goals for HIV care in these countries are currently improving access to HIV testing
and treatment. Financial burdens, medical coverage, and availability of centers that can
provide AFT need to be considered when developing and implementing local, regional, and
national policies or guidelines for the reproductive care of PLWHIV. In the meantime,
physicians who care for PLWHIV should update their knowledge to optimally assess and
manage fertility issues among persons with HIV infection. HIV stigmatization may be reduced
by campaigns and specific interventions that are appropriate and feasible for each locale.

4.3. Assisted fertility therapy

Relevant issues to be considered regarding fertility treatment in PLWHIV include risk of HIV
horizontal transmission in serodiscordant heterosexual couples and methods to reduce HIV
transmission. Generally, the rate of HIV heterosexual transmission is approximately 1 per
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500 to 1 per 1,000 episodes of unprotected sexual intercourse.[3] However, the risk of
transmission can increase significantly if there are genital tract infections from STIs or Ols,
trauma with sex, lack of male circumcision, and high plasma HIV RNA levels in seroposi-
tive persons.[73, 74] Thus, a thorough evaluation is needed before AFT. History including a
detailed history of their HIV infection and any associated complications, recent CD4 cell
counts and HIV RNA levels, past and current cART regimens, history of antiretroviral drug
resistance, ongoing HIV risk behaviors, and fertility problems should be obtained. Physical
examination should focus on signs relevant to causes of infertility, genital organs, and Pap
smear in women. An HIV-infected partner should be treated with cART until HIV RNA
suppression has been achieved prior to AFT. Partners who have STIs need to be treated to
reduce transmission risks of HIV and STI-associated pathogens. Trauma during sexual
intercourse should be avoided or minimized, and safer sex practices should be encouraged
outside the conception attempts. Proposed algorithm for fertility management among HIV-
infected couples is shown in Figure 2.

Post-exposure prophylaxis (PEP) with cART in uninfected partners may be used after the
unprotected sexual intercourse (conception attempt). Although there have not been well-
designed studies in human that assess the efficacy of this intervention, the benefits of HIV
transmission reduction have been shown in an animal study and a retrospective study of health
care workers exposing to body fluids of HIV-infected persons.[75, 76] The recommended PEP
regimens that are also safe if the pregnancy does occur are combined tenofovir, emtricitabine,
and ritonavir-boosted atazanavir, ritonavir-boosted darunavir, or raltegravir.[77] PEP should
be initiated as soon as possible after HIV exposure but within 48 hours and should be continued
for 28 days. Because of its demonstrated efficacy, tenofovir-emtricitabine (TDF/FTC) once
daily for pre-exposure prophylaxis (PrEP) administered to the seronegative partner is now the
preferred approach to reduce the risk of HIV transmission among serodiscordant couples.
Among heterosexual couples, pericoital tenofovir vaginal gel was the first PrEP intervention
that showed a 39% efficacy at reducing HIV acquisition among high-risk South African
women.[78] Several other randomized controlled trials have demonstrated the benefit of PrEP
at reducing HIV acquisition among HIV-negative at-risk individuals including 1) the iPrEx
study that demonstrated 44% reduction in the incidence of HIV among men who have sex with
men taking daily oral TDF/FTC,[79] 2) the Partners-PrEP study that demonstrated 75% and
67% reduction in the incidence of HIV among serodiscordant couples taking daily oral TDF
or TDF/FTC, respectively, in Africa,[80] and 3) the TDF2 study that demonstrated 62%
reduction in the incidence of HIV among heterosexual men and women taking daily oral TDF/
FTC in Botswana.[81] Pharmacokinetic data suggest that PrEP should begin at least 1 week
before unprotected sex for optimal benefit. The uninfected partners who choose to take PEP
and/or PrEP need to be regularly screened and monitored for HIV infection and adverse effects
of the drugs in PEP and/or PrEP regimens.[67, 77]

In regards to limiting risk of HIV vertical transmission, cART given to HIV-infected women
antenatally and avoiding breastfeeding can reduce the rate of transmission from 25-40% to
less than 1%.[67] Invasive procedures, such as amniocentesis, chorionic villus sampling, and
use of fetal scalp electrodes, should be avoided in HIV-infected women because these can
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HIV-infected couples seeking reproductive care

Obtain history
+ Detailed HIV treatment history
+ Detailed history of HIV-related
complications
+  Ongoing risk behaviors
+ Fertility issues
v

Physical examination focusing on

+  Causes of infertility
+ Genital organs

I Screening and treatment of STis and Ols

HIV comprehensive care and cART to achieve sustained HIV RNA suppression

)

General strategies to reduce HIV horizontal transmission
+ Avoiding trauma during sexual intercourse
+ Always practising safer sex outside conception attempts

*  Homaologous spem +  Timed sexual intercourse plus = cART with HIV RMA
Insemination PEP andior PrEP sUppression prior o
»  Timed sexual intercourse *  Sperm washing and testing conceplion altempls
= PEP plus I
- PiEP +  Sperm washing and testing
plus IVF and ICSI
) 2 v 2

General strategies to reduce HIV vertical transmission
* Avoid invasive procedures
+ Cesarean section if HIV RNA of the infected women is not suppressed near term (34—36 weeks gestation)
*  Antiretroviral prophylaxis in newborns
* Avoid breastfeeding

Note: cART, combination antiretroviral therapy; HIV, human immunodeficiency virus; ICSI, intracytoplasmic sperm
injection; IUI, intrauterine insemination; IVF, in vitro fertilization; Ols, opportunistic infections; PEP, post-exposure
prophylaxis; PrEP, pre-exposure prophylaxis; RNA, ribonucleic acid; STIs, sexually transmitted infections.

Figure 2. Proposed algorithm of fertility management in HIV-infected couples

increase the risk of fetal/infant exposure to maternal body fluids. Cesarean section instead of
normal vaginal delivery can further reduce the risk of maternal-infant transmission in HIV-
infected pregnant women whose HIV RNA has not been suppressed following cART. United
States guidelines use a HIV RNA level of >1,000 copies/mL at 34-36 weeks gestation as a
threshold for recommending Cesarean section, whereas European guidelines recommend a
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threshold of >50 copies/mL.[67, 69] Women who achieve virologic suppression near term can
proceed with vaginal delivery without increased transmission risk. Antiretroviral prophylactic
regimens for newborns of HIV-infected mothers should be prescribed based on the risk of
transmission. In general, AZT is recommended for the first 4-6 weeks of life with additional
medications added if the mother did not achieve viral suppression. HIV-infected mothers
should not breastfeed their babies due to the risk of transmission via breast milk.

4.3.1. AFT when only the female partner is infected

If a woman is HIV infected and her male partner is uninfected, HIV transmission can be
avoided by using homologous insemination with the male partner’s sperm. However, if this
option is not feasible, such as the desire to become pregnant naturally, couples should limit
unprotected sexual intercourse to the time of ovulation (timed intercourse) using ovulation
kits or basal body temperature monitoring to predict ovulation. These measures allow couples
to limit the number of unprotected sexual encounters. In addition, the HIV-infected women
should be on cART with a suppressed viral load. The male partner may choose to take PEP
and/or PrEP to reduce the risk of HIV transmission; however, these options are not as safe as
homologous insemination.[82]

4.3.2. AFT when only the male partner is infected

Conception between an HIV-infected man and his HIV-uninfected female partner is more
complicated. The risk of HIV transmission can be reduced by using timed intercourse when
the HIV-infected man’s plasma HIV RNA is undetectable on cART. However, the HIV
transmission of timed intercourse in this setting has been reported to be associated with
inconsistent condom use outside the conception attempt.[83] Thus, the practice of timed
intercourse alone to prevent HIV transmission to the female partner is not generally
recommended in this setting.[82] Additional PEP and/or PrEP may be used to reduce HIV
transmission. A study of serodiscordant couples, in which the woman was treated with oral
tenofovir taken shortly before and after each unprotected sexual encounter, showed that none
of the women became infected with HIV and pregnancy rates reached 75% after 12 attempts.
[84] Based on available data, once-daily TDF/FTC for the women would generally be
recommended throughout the conception period in countries where resources are available
for PrEP.

Sperm preparation and testing prior to intrauterine insemination (IUI) have been described as
methods to reduce the chance of HIV transmission to the uninfected female partner. The sperm
preparation involves a three-step process.[3, 82] First, the liquefied semen is filtered through
a Percoll gradient. Next, the isolated spermatozoa are washed to eliminate seminal plasma and
hyperosmotic gradient media. Finally, a modified swim-up method recovers highly motile
spermatozoa from leukocytes. After this process, the final sperm specimen is tested by
polymerase chain reaction assays for the presence of HIV. If this final specimen tests negative,
itis used for insemination. In men with severe dyspermia, the final swim-up step that removes
infected leukocytes cannot be performed and thus the semen should be tested for HIV DNA.
Utilizing this process, 1,600 inseminations were performed in 513 HIV-uninfected women and
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resulted in 228 pregnancies. At 1-year follow-up, none of the children older than 3 months of
age and none of the mothers became HIV infected.[85] In addition, studies reviewing world-
wide data in 2004 and data from several centers demonstrated no HIV transmission to the
uninfected female partners who were inseminated using sperm washing and IUIL[86, 87]

There have been recent data supporting the use of IVF/ICSI to reduce HIV transmission to
uninfected women. A 10-year retrospective study of 181 serodiscordant couples undergoing
IVF/ICS], in which sperm was prepared using a modified density-gradient centrifugation and
the swim-up method, revealed no HIV infection among the uninfected women and their 170
children.[88] Another study from the Center for Reproductive Assisted Techniques for HIV in
Europe reported no evidence of seroconversion in any uninfected partners or children on
follow-up.[86] Unfortunately, these techniques are generally prohibitively expensive. Al-
though the data on efficacy and safety of the AFT techniques are encouraging, the potential
risk of HIV transmission is not completely eliminated and more studies are required. Until
then, serodiscordant couples should also be counseled about other safer options, including
using donor sperm, donor embryo, adoption, or not having children.[82] If couples want to
have their own biological children, they should be informed about available risk reduction
techniques and the availability of centers that can provide effective methods of sperm
preparation and testing. Fertility centers should use approved study protocols with informed
consent and provide appropriate follow-up of sexual partners and their children.

4.3.3. AFT when both partners are infected

While HIV seroconcordant couples do not have the same concerns about HIV transmission as
do HIV serodiscordant couples, the risk of transmission of different strains of HIV between
each other or superinfection exists. HIV superinfection in seroconcordant couples has been
reported to increase the risk of HIV RNA rebound and decrease in CD4 cell count following
immune reactivation.[89] The best way to minimize the risk of superinfection and optimize
reproductive outcomes for couples and their offspring is to use cART to achieve HIV RNA
suppression in both partners prior to conception attempts.

4.4. Healthcare workers and cross-contamination risks

Healthcare workers are at risk of exposure to blood-borne pathogens, including HIV through
patient care. However, if standard universal precautions to prevent the transmission of
infectious diseases are followed, the risk of acquiring these pathogens is very small and is not
sufficient to deny reproductive services to PLWHIV. To date, there have been no reports of
occupational HIV transmission to health care workers performing AFT, suggesting that the
risk of transmission is extremely low. Theoretical concerns about contaminating other gametes
and embryos stored in the same laboratory from cross-contamination have been raised. To
date, no such event has been reported. To avoid this risk, it is recommended that samples from
HIV-infected persons be processed in a separate laboratory or designated space within the
main laboratory and to use a dedicated storage tank.[82]
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5. Conclusions

Reproductive issues have become more relevant among PLWHIV who are living longer and
are staying healthier on cART. Fertility outcomes of PLWHIV have been improving for the
past decade, although they remain inferior to those of the general population. HIV can impact
fertility in many ways that involve biological, psychological, and social factors. Assessing and
managing fertility issues in HIV-infected individuals and couples involve the use of cART,
diagnosing and correcting causes of infertility, and AFT, which has become more effective and
safer. Further studies are needed to address the efficacy and safety of AFT techniques as well
as the complex social and ethical challenges of fertility issues of HIV-infected persons.
Healthcare workers caring for PLWHIV should be knowledgeable in both HIV infection and
reproductive health because they may now be legally and ethically obligated to provide
reproductive care and assistance to this population.
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Abstract

The ICL1 gene, which encodes the glyoxylate cycle enzyme isocitrate lyase (Icll), is re-
quired for the growth of Candida albicans on non-fermentable carbon sources and for this
yeast to be virulent. The aim of this study is to test the stability of the Icll enzyme in re-
sponse to glucose. Glucose was found to trigger the degradation of the ICLI1 but the
Calcll was not destabilized by glucose. When Calcll was expressed in Saccharomycess cer-
evisiae, it was not degraded in response to glucose, suggesting that Calcll has lost the mo-
lecular signal that triggers destabilization in response to glucose. However, when Sclcll
was expressed in C. albicans it was rapidly degraded in response to glucose indicating
that C. albicans has retained the molecular apparatus for glucose-accelerated degradation
of target proteins. Sclcll degradation was slowed in Caubi4/ubi4 in which ubiquitin-medi-
ated protein turnover is reduced. Furthermore, the addition of putative ubiquitination
site to the carboxyl-terminus of Calcll led to the glucose-accelerated degradation of this
protein. C. albicans has retained the apparatus for ubiquitin-mediated degradation of tar-
get protein in response to glucose. However, Calcll has lost the Ubi-site that mediate glu-
cose accelerated protein degradation, thereby allowing C. albicans to simultaneously
assimilate alternative carbon sources and glucose.

Keywords: Glyoxylate cycle, isocitrate lyase (Icll), metabolic adaptation, virulence, path-
ogenicity

1. Introduction

Candida albicans is a major fungal pathogen of humans causes superficial and deep-seated
candidiasis infections [1, 2]. C. albicans is an opportunistic pathogen residing as a commensal
in the oral cavity and gastrointestinal and urogenital tracts of many individuals [3, 4]. The
severity of candidiasis ranges from superficial mucosal infections to systemic or disseminated
infections. In healthy individuals, C. albicans is relatively harmless. However, immunocom-
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promised patients can get disseminated candidiasis in deep tissues that are difficult to
diagnose and can result in death [5, 6].Treatment involves the use of antifungals such as
fluconazole, amphotericin B and caspofungin [7, 8]. However, these treatments are not always
successful [9].

This chapter addresses the metabolic adaptation of isocitrate lyase (ICL1) of this fungal
pathogen in humans. This topic is important for studying the pathogenicity of C. albicans
because this medically important fungus must grow to cause infections, and to grow it must
assimilate carbon. C. albicans can occupy various diverse niches in humans, and many of these
niches contain a range of different carbon sources. The question arises whether this pathogen
is able to exploit this range of carbon sources if glucose happens to be present. This would not
be the case in the model yeast Saccharomycess cerevisine because various forms of glucose
regulation inhibit the assimilation of alternative carbon sources in this model yeast [10 - 13].
Therefore, this first compares the impact of glucose on the assimilation of alternative carbon
sources in these two yeasts and then examines whether molecular mechanisms exist in C.
albicans to promote the rapid turnover of target proteins in response to glucose. Hence, this
section focusses on commensalism, C. albicans infections, and antifungal therapies.

Candida infections have been reported for virtually every tissue of the human body, and they
can be classified according to different criteria [14]. Superficial infections affect the skin and
mucous membranes [15]. In contrast, invasive candidiases include candidemia, acute or
chronic haematogenously disseminated candidiasis (infections of the bloodstream), and deep-
seated infections of the internal organs [16].

C. albicans has evolved to become an effective commensal organism [17]. In the state of
commensalism, Candida species live as relatively harmless members of the microflora of
healthy individuals causing no discernible disease. Candida species are “carried” in the oral
cavity, the GI tract, the anus and groin of healthy individuals, and also in the vaginal canal
and vulva of healthy women [14, 18]. Candida is carried by the most of healthy individuals and
can attain surprisingly high densities without symptoms of disease [19]. C. albicans is found in
stools of about 50% healthy people in addition to the many bacteria that usually inhabit the
Gl tract [20]. The proliferation of pathogenic microorganisms such as Candida is inhibited partly
by the growth of harmless bacteria in these niches [21]. The symbiosis of these microorganisms
depends on the amount of mucus, the peristaltic behaviour of the bowel and the presence of
specific host antibodies and on the capacity of these microbes to adhere to epithelial cells [20].

C. albicans is the most virulent Candida species; among the Candida species, C. albicans is the
most commonly isolated yeasts from susceptible hosts [22 - 24]. Multiple risk factors play a
role in increasing likelihood of C. albicans undergoing the transition from harmless commensal
to a virulent pathogen. These risk factors include injuries or traumatic surgery; the presence
of indwelling devices, such as catheters or prosthetic devices; antibiotic treatment, which
reduces the competitiveness of bacterial species in host niches; and age, with new born babies
or aged individuals displaying increased risk of infection [14, 24, 25].

Candidemia is defined as the isolation of Candida from at least one blood culture specimen.
This type of infection is mainly acquired as the result of neutropenia, injuries caused by recent
surgery or the presence of indwelling devices. Also the use of broad-spectrum antibiotics
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represents another significant risk factor [16]. Candida not only often infects the livers of
patients during systemic candidiasis but can also thrive in their spleen, brain or kidney [26].

C. albicans skin infections mostly occur in warm and moist niches such as the armpit, the
perineum and skin folds. Similarly, Candida is a common cause of nappy (diaper) rash in
infants, and it particularly affects obese and elderly adults, as well as the inframammary region
of women. Itching and burning are the common symptoms of these types of infections [15].
Most women suffer from oral and vaginal infections (thrush) at least once in their life time [27].
Also, HIV and AIDS -patients suffered from oral thrush before the advent of the highly active
anti-retroviral treatment (HAART), which includes a protease inhibitor that also inhibits an
important virulence attribute of C. albicans- secreted aspartyl protease [28].

There are three main classes of clinically useful antifungal drugs: the polyenes, the azoles and
the echinocandins. Amphotericin B is the main drug in the polyene family. It is thought to
perturb the functionality of the fungal plasma membrane via interactions with ergosterol [29].
Unfortunately, the clinical utility of Amphotericin B is limited because it can cause nephro-
toxicity in patients.

The azoles are an expanding family of compounds, as exemplified by the classic drug flucoa-
zole. They target ergosterol synthesis, and hence the fungal plasma membrane [29]. Additional
antifungal agents are being developed. These include triazoles such as posaconazole, ravuco-
nazole and voriconazole. This strengthens the choice of azoles, which is the most successful
antifungal class in the clinic since the late 1960s. Voriconazole is a broad spectrum drug that
is fungicidal against some isolates of filamentous species [30]. Posaconazole also inhibits a
broad spectrum of fungi, and has shown promising effects against Coccidioides in preclinical
studies [31]. Meanwhile, ravuconazole has a long plasma half-life in humans that might
improve its efficacy [32].

Echinocandins such as caspofungin, anidulafungin and micafungin target cell wall 3-1 3-
glucan synthesis [29]. The development of echinocandins represented a major advance in
antifungal drug development because they targeted a new area of fungal cell biology -the cell
wall [29]. C. albicans cells can become tolerant to echinocandin treatment via activation of the
cell wall rescue pathway leading to elevated chitin synthesis [33].

2. Effect of glucose on alternative carbon sources in Candida albicans

The assimilation of carbon sources is fundamentally important for the growth of C. albicans
and for the establishment of infections in the human host. As described earlier, to grow, a
microbe must be able to assimilate carbon [34]. For most yeasts, glucose is generally a preferred
carbon source and for S. cerevisiae the chosen mode of metabolism is often fermentative in the
presence of excess glucose. This uses the Embden-Meyerhof or glycolytic pathway, resulting
in the formation of ethanol. In the absence of glucose, S. cerevisine adapts to utilise the alter-
native carbon sources that are available and switching to non-fermentable carbon metabolism.
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Likewise, C. albicans alters the expression of its metabolic functions to facilitate cell survival
[35]. C. albicans adjusts its metabolism to growth in biofilms by up-regulating amino acid
biosynthesis genes [36]. When exposed to human neutrophils or cultured macrophages, C.
albicans also up-regulates amino acid biosynthesis genes and displays a shift from fermentative
to non-fermentative metabolism [35, 37, 38]. Importantly, the utilisation of non-fermentable
carbon sources requires gluconeogenesis and the glyoxylate cycle [39]. Furthermore, the
glyoxylate cycle is required for fungal virulence [40]. These examples illustrate the metabolic
flexibility of this pathogen and the relevance of metabolic adaptation pathogenicity [41].

Our understanding of the physiology of C. albicans has been largely based on presumptions
that the central carbon metabolism in S. cerevisiae and C. albicans is similar. In these fungi, the
pathways of central carbon metabolism, including glycolysis, gluconeogenesis, the pentose
phosphate pathway, the tricarboxylic acid (TCA) cycle and glyoxylate cycle, are highly
conserved [14, 42]. However, metabolic differences do exist between C. albicans and S.
cerevisiae, the most obvious of which relates to their patterns of sugar utilisation [41]. For
example, S. cerevisiae belongs to the group that is called Crabtree-positive yeasts which have
the ability to produce ethanol even in the presence of oxygen. In contrast, C. albicans is
designated as a Crabtree-negative yeast [43] because it retains respiratory capacity in the
presence of excess glucose [44].

As described earlier, pathways of alternative carbon assimilation in S. cerevisiae are subject of
glucose repression study. The genetics of glucose repression have been studied, and the
regulatory elements that drive this regulation have been described in S. cerevisiae [10, 12, 45,
46, 47]. These include co-regulatory mechanisms that act on common elements within the
promoter sequences of gluconeogenic and glyoxylate cycle genes. The carbon source regulator
elements (CSRE) in the promoters of the S. cerevisine PCK1, FBP1, MLS1 and ACR1 are required
for their transcriptional induction in the absence of glucose [48 - 52]. In addition the promoters
of the S. cerevisine ICL1, MLS1 and FBP1 genes contain binding sites for the transcription
repressor Mig1 [53]. Mig1 represses the transcription of these genes in the presence of glucose,
and the activity of Mig1 is being regulated by Snfl (AMP kinase) signalling.

Transcript profiling of glucose responses in C. albicans and S. cerevisiae has shown that both
yeasts are sensitive to very low levels of glucose [54, 55]. In S. cerevisiae and C. albicans, glycolytic
genes were up-regulated and gluconeogenic and TCA cycle genes were down-regulated even
when only 0.01% glucose was added to the growth medium. Yin et al. [54] also showed that
S. cerevisiae ribosomal protein genes also respond to glucose but that they were less sensitive
to glucose than the metabolic genes mentioned above. In S. cerevisiae, ribosomal protein gene
expression was up-regulated following glucose addition at concentrations above 0.1% [54, 56].

Therefore addition of glucose to S. cerevisiae cells growing on alternative carbon sources causes
a rapid shift from non-fermentative to fermentative metabolism, in part through tight regula-
tion of gene transcription. Glucose also regulates metabolic activity in S. cerevisiae at post-
transcriptional levels. Glucose triggers the accelerated decay of gluconeogenic mRNA (PCK1,
FBP1) [54]. Furthermore, glucose triggers the catabolite inactivation and degradation of
gluconeogenic and glyoxylate cycle enzymes in S. cerevisize. Fructose-1,6-bisphophatase
(FBPase) is expressed when yeast cells are grown on non-fermentable carbon sources. When
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the cells are then transferred to a glucose-containing medium, the cells rapidly degrade FBPase
to inactivate gluconeogenic activity. This was shown by immunoprecipitation and Western
blotting [57]. These authors found that the ubiquitin-conjugating enzyme Ubc8p contributes
to glucose-induced ubiquitination of FBPase and that this ubiquitination proceeds the
catabolite degradation of the enzyme via the proteasome [58], three other gluconeogenic and
glyoxylate cycle enzymes were identified as additional targets of the catabolite inactivation
machinery [59]. In addition, it was discovered that an amino-terminal proline residue is
essential for the rapid degradation of FBPase in response to glucose. FBPase phosphorylation
was not necessary for degradation to occur [59]. This amino-terminal ubiquitination target site
on FBPase essentially functions as an autonomous, primary degradation signal.

We reasoned that glucose responses might have diverged significantly between C. albicans and
S. cerevisige. Our rationale was that the relaxation of glucose repression would confer an
evolutionary advantage upon a yeast such as C. albicans by allowing this pathogen to continue
to assimilate alternative carbon sources even when small amounts of glucose are present in
vivo. This section describes the testing of this working hypothesis through comparison of the
effects of glucose upon gluconeogenic and glyoxylate cycle gene expression in C. albicans and
S. cerevisiae.

To understand carbon assimilation in C. albicans, growth on selected alternative carbon sources
was first defined. Therefore analogous growth experiments were carried out for both S.
cerevisiae and C. albicans in media containing glucose or alternative carbon sources. Lactic acid
was chosen as one alternative carbon source because it is a three-carbon molecule of physio-
logical relevance found in various host niches and in the bloodstream after exercise [60]. Also
Aberdeen Fungal Group Laboratory has generated a considerable body of data on cells grown
on lactate [54, 55].

Yeast cells were grown overnight in media containing 2% lactate or 2% (2% each or 1% + 1%)
both glucose and lactate. These cells were then harvested and used to inoculate fresh media
of the same composition and grown for 10 hours. Glucose and ethanol levels and growth
absorbance (at OD,,;) were measured.

As expected, both yeasts grew better on media containing glucose plus lactate, than on lactate
alone. C. albicans grew faster than S. cerevisiae on both media under these conditions. However,
both yeasts displayed similar rates of glucose consumption and different ethanol accumulation
under these conditions. Glucose was utilised rapidly by both S. cerevisine and C. albicans.
Ethanol levels in glucose plus lactate cultures significantly increased in S. cerevisiae, but they
remained similar during glucose assimilation by C. albicans. This indicated that most glucose
was not fermented to ethanol under the experimental conditions examined in C. albicans
(minimal medium; 30°C; 200 rpm).

The fatty acid i.e. oleic acid was chosen as the second alternative carbon source for analysis. A
fatty acid was chosen because lipids represent a rich source of carbon in the host, C. albicans is
known to secrete lipases [61], and C. albicans is known to induce fatty acid 3-oxidation genes
following phagocytosis by macrophages [62].
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Once again, analogous growth experiments were carried out for both S. cerevisize and C.
albicans in media containing oleic acid or glucose plus oleic acid. Yeasts cells were grown
overnight in media containing 0.2% oleic acid or 2% glucose plus oleic acid, and these cells
were used to inoculate fresh media containing the same amount of carbon sources. Growth
was monitored for 10 hours. Once again, glucose and ethanol levels and absorbance (OD,,,)
were measured.

Both yeasts grew on oleic acid or on oleic acid plus glucose. As expected more growth was
observed for both yeasts on the glucose containing medium compared with the medium
containing oleic acid alone. C. albicans grew more efficiently than S. cerevisiae on both media.
Once again, the rates of glucose consumption and ethanol production were different for both
yeasts. Both yeasts consumed glucose rapidly, but ethanol levels were accumulated signifi-
cantly throughout the experiment in S. cerevisiae. This suggested that most glucose was not
fermented to ethanol under these conditions in C. albicans. Less ethanol was generated during
growth on oleic acid (about 2 mg/ml or 0.02%) compared to during growth on lactic acid (about
4 mg/ml or 0.04%).

Previous work by Yin et al. [54] using Northern blotting and transcriptomic analyses showed
that transcripts encoding the gluconeogenic enzymes (FBP1 and PCK1) are repressed by
glucose in S. cerevisiae. To reconfirm this report and to compare it with the glucose responses
of C. albicans more directly in this study, we first examined the responses of S. cerevisiae
glyoxylate cycle (ScICL1) and gluconeogenic mRNAs (ScPCK1) using the following experi-
mental approach.

S. cerevisiae cells were grown to mid-exponential phase in a minimal medium containing lactate
or oleic acid as the sole carbon source and lactate + glucose and oleic acid + glucose. The levels
of the S. cerevisine ICL1 and PCK1 mRNAs were measured relative to the housekeeping B-actin
gene (ScACT1), following the addition of glucose to a final concentration of 2%. Samples were
collected and frozen immediately in liquid nitrogen for RNA extraction. S. cerevisiae ICL1,
PCK1 and ACT1 primers [63] were then designed, and the expression of these genes was
quantified using Syber green quantitative real-time polymerase chain reaction (QRT-PCR).

ScICL1 mRNA levels showed a dramatic decrease within 30 minutes of glucose addition to
cells growing on lactate or oleic acid. Similarly, ScPCKI1 mRNA levels declined after glucose
addition to cells growing on lactate or oleic acid media. This strong repression occurred 30
minutes after glucose addition. These results confirmed thatin S. cerevisiae, the ICL1 and PCK1
transcripts are strongly repressed by glucose [54]. At least for the PCK1 mRNA, this repression
is mediated by transcriptional repression and accelerated mRNA degradation [54].

Aberdeen Fungal Group Laboratory has also described the global transcriptional responses of
C. albicans to low (0.01%), medium (0.1%) and high (1%) glucose concentrations by microarray
analysis [55]. The data indicated that a total of 347 C. albicans genes were up-regulated, and
344 genes were down-regulated in response to at least one of the glucose concentrations
examined. There arel70 of these genes that were up-regulated and 180 genes that were down-
regulated by 0.01% glucose, indicating that about half of glucose-regulated genes are respon-
sive to low glucose levels. Therefore, the authors concluded that like S. cerevisiae, C. albicans is
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exquisitely sensitive to glucose, responding to concentrations as low as 0.01%. Hence, at the
start of this study, an aim was to confirm the impact of glucose on specific mRNAs that encode
enzymes required for the assimilation of alternative carbon sources. The transcripts encoding
the glyoxylate cycle enzyme isocitrate lyase (CaICL1) and the gluconeogenic enzyme phos-
phoenolpyruvate carboxykinase (CaPCK1) were the main focus here.

C. albicans cells were grown to mid-exponential phase in media containing lactate or oleic acid
as the sole carbon source using the same procedures described for S. cerevisiae by Yin et al. [54].
Glucose was then added to a final concentration of 2%; samples were taken for RNA analysis
at various times thereafter; the levels of the CalCL1, CaPCK1 and CaACT1 mRNAs were
measured by qRT-PCR. The relative expression of CaICL1 (compared with the internal CaACT1
control) was high in lactate- and oleic acid-grown cells compared with the cells that were
exposed to glucose. The CalCL1 mRNA was strongly down-regulated within 60 minutes after
glucose addition under both of these growth conditions. The CaPCKI mRNA was expressed
at relatively high levels in lactate- and oleic acid-grown cells, and was also strongly down-
regulated within 60 minutes of glucose addition. These results confirmed that in both S.
cerevisiae and C. albicans, the ICL1 and PCK1 genes are strongly repressed by glucose [63].

The next step is to test the effects of glucose on the expression levels of the Calcll and CaPck1
proteins in C. albicans and to compare this response with the corresponding situation S.
cerevisiae. In S. cerevisiae, the effects of glucose on fructose-1,6-bisphosphatase (FBPase) have
been intensively studied and it was reported that the FBPase protein (ScFbpl) is rapidly
degraded upon the addition of glucose [58]. Also it has been reported that the levels of cytosolic
malate dehydrogenase, fructose-1,6-bisphosphatase, isocitrate lyase and phosphoenolpyru-
vate carboxykinase are all low in S. cerevisiae after glucose addition [59]. Therefore, as a starting
point, we tested for ourselves whether Icll and Pckl decline in S. cerevisiae upon glucose
addition.

To achieve this, the S. cerevisiae ICL1 coding region was tagged at its 3"-end with Myc, and the
PCK1 coding region was tagged with HA6. Control Western blots with these tagged strains
and their untagged parental strains demonstrated that Sclcl1-Myc, and ScPck1-HA6 were
expressed during growth on non-fermentable carbon sources [63].

After confirming the validity of the Sclcl1-Myc, and ScPck1-HAG6 tagging, the next step is to
examine the effects of glucose upon the stability of these proteins following glucose addition
to S. cerevisiae cells. Therefore, the epitope-tagged S. cerevisiae strains were grown on lactate or
oleic acid, and then glucose was added to a final concentration of 2%. All experiments were
performed on exponentially growing cells. Samples were prepared at various times thereafter,
and the levels of the Sclcl1-Myc, and ScPck1-HAG6 proteins were measured by Western blotting.
Clearly, glucose addition led to the degradation of Sclcll and ScPck1. These results confirmed
that in S. cerevisiae Icll and Pckl are degraded in response to glucose. Interestingly, the
degradation of ScPckl appears to start about 2 hours after glucose addition, whereas Sclcll
degradation starts earlier. This might reflect differences in the mechanisms of glucose-
activated degradation of these proteins, via ubiquitin-mediated or vacuole-mediated path-
ways, as described by Regelmann et al. [64].
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Having confirmed that glucose addition to cells growing on non-fermentable carbon sources
leads to the degradation of Icll and Pckl in S. cerevisiae, the next step is to test the effects of
glucose upon the corresponding enzymes in C. albicans.

C. albicans strains expressing Myc;-tagged Icll or Myc;-tagged Pckl were then used in an
analogous experimental design to our previous S. cerevisiae protein analysis. C. albicans cells
were grown in media containing non-fermentable carbon sources (lactate or oleic acid) as sole
carbon sources, and then 2% glucose was added while cells were in the exponential growth
phase. Cells were then harvested at various time periods, and their proteins were extracted
for Western blotting. Proteins were loaded in equal amounts onto the SDS/PAGE gels, and
expression of the Myc;-tagged Calcll and CaPckl proteins was detected with anti-Myc
antibodies and the images quantified using a phosphorimager.

The C. albicans Icll protein was expressed during growth on lactate or oleic acid. Interestingly,
Calcll was not destabilised by the addition of 2% glucose. Indeed, Calcll protein levels were
not significantly different from the control even after 4 hours. Likewise, CaPckl expression
levels were relatively high during growth on lactate or oleic acid, and CaPckl was also not
destabilised by glucose addition. These data suggested that glucose does not affect the stability
of the Calcll and CaPck1 proteins. This behaviour of C. albicans was in direct contrast to that
observed in S. cerevisiae, in which the Icll and Pck1 proteins were destabilised by glucose [63].

Carbon assimilation is essential for the generation of new biomass (i.e. growth). Therefore, the
growth of C. albicans in the immunocompromised host depends upon the assimilation of
available carbon sources in vivo, and the fungus must adjust its metabolism to the microen-
vironments it occupies in the host [41].

Previous reports have suggested that S. cerevisize might provide a reasonable metabolic
paradigm for C. albicans as reviewed by Brown [41]. Certainly, many of the pathways of central
metabolism are conserved in fungi, including the glycolytic, gluconeogenic and pentose
phosphate pathways and the TCA and glyoxylate cycles [14, 42]. Pathways for the generation
of storage and cell wall carbohydrates are also conserved. Furthermore, the pathways of amino
acid, lipid and nucleotide catabolism and anabolism appear to be conserved. However,
significant metabolic differences do exist between C. albicans and S. cerevisiae, as revealed by
their different patterns of sugar utilisation. In fact, differences in the patterns of carbohydrate
assimilation are used routinely to distinguish C. albicans from other microbes in the clinic [65,
66]. Also, significant differences in the regulation of carbon metabolism are emerging for C.
albicans and S. cerevisiae [67, 68]. Based on these observations, we tested whether there are
metabolic differences in carbon assimilation between these fungi. The approach here was to
measure the effects of glucose upon the assimilation by S. cerevisiae and C. albicans of radiola-
belled lactic or oleic acid into large molecular weight compounds.

To achieve this, S. cerevisiae cells were grown to exponential phase on media containing lactate
or oleic acid as sole carbon source. These cells were then harvested and resuspended in
equivalent media containing radiolabelled lactic or oleic acid. Glucose (2%) was added to test
samples, and no glucose was added to control samples. The assimilation of '“C-lactic acid or
SH-oleic acid by S. cerevisiae cells into large molecular weight TCA-precipitable material was
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then measured. In S. cerevisiae, both lactate and oleic acid assimilation were rapidly repressed
by glucose. Therefore the S. cerevisiae cells stopped the assimilation of these secondary carbon
sources and apparently switched quickly to glucose assimilation. This confirmed the generally
held view that S. cerevisine does not assimilate both glucose and secondary carbon sources at
the same time.

The next step is to investigate the effects of glucose on carbon assimilation in C. albicans. Once
again, the approach was to test the assimilation of radiolabelled carbon sources by the cell. The
same procedures were followed as for S. cerevisine, with C. albicans cells being grown on lactate
or oleic acid and then the assimilation of *C-lactic acid or *H-oleic acid into TCA-precipitable
material was measured after glucose addition [63].

Unlike S. cerevisiae, C. albicans was still able to assimilate both lactate and oleic acid for some
hours after addition of glucose. Lactate metabolism appeared to continue relatively normal
because only minor effects were observed in the lactate uptake following glucose addition.
Tests with the other secondary carbon source (oleic acid) showed similar results. Therefore,
C. albicans is able to assimilate lactate and glucose at the same time. Similarly, both oleic acid
and glucose can be assimilated by C. albicans at the same time. This suggests that glucose has
aminimal immediate impact on the ability of C. albicans to assimilate secondary carbon sources
at least over the timescales examined [63].

Therefore, there are significant differences between C. albicans and S. cerevisiae with respect to
the regulation of their assimilation of alternative carbon sources. Apparently in S. cerevisiae,
glucose and secondary carbon sources are not assimilated at the same time. In contrast, in C.
albicans, the continued stability of gluconeogenic and glyoxylate cycle enzymes after glucose
exposure correlates with the ability of C. albicans cells to continue to assimilate alternative
carbon sources, even after glucose addition. Hence, the hypothesis that significant metabolic
differences exist between C. albicans and S. cerevisiae was confirmed [63].

3. Glucose-accelerated protein degradation in Candida albicans

The previous section examined the impact of glucose on Pckl and Icll expression and the
assimilation of alternative carbon sources such as lactic and oleic acid in C. albicans. So far, the
author’s data confirmed that transcript profiling results were described by Yin et al. [54] and
Rodaki et al. [55]. Numerous S. cerevisiae transcripts, including those encoding gluconeogenic
enzymes (FBP1 and PCK1), are repressed by glucose [54]. Similarly, 180 genes in C. albicans,
including gluconeogenic and glyoxylate cycle enzymes were, down-regulated, even in
response to very low concentrations of glucose (0.01%) [55]. The results presented in the
previous section confirmed that the ScICL1 and ScPCK1 genes in S. cerevisine and the CalCL1
and CaPCK1 genes in C. albicans are exquisitely sensitive to glucose.

While S. cerevisiae and C. albicans displayed similar responses at the transcriptional level, they
diverged significantly at the post-transcriptional and metabolic levels. The C. albicans Icll and
Pck1 enzymes were expressed during growth on lactate and oleic acid and were not destabi-
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lised by the addition of 2% glucose. In contrast, their orthologues in S. cerevisiae were rapidly
destabilised by glucose. Consequently, this appeared to affect carbon assimilation, allowing
C. albicans to continue to assimilate alternative carbon sources even after exposure to glucose.
In contrast, following glucose addition to S. cerevisiae cells, Icll and Pck1 were degraded and
the cells stopped assimilating lactic acid or oleic acid. These new findings showed that there
are fundamental differences in the regulation of carbon assimilation in C. albicans compared
to S. cerevisiae [63]. The next step is to examine the basis for these differences and in particular,
possible differences in glucose-accelerated protein degradation between C. albicans and S.
cerevisiae. The focus of these studies was on Icl1.

Entian and Schiiller [46] reported the genetic characterisation of C. albicans gluconeogenic and
glyoxylate cycle genes. The C. albicans FBP1, PCK1, MLS1 and ICL1 genes were all isolated by
functional complementation of the corresponding S. cerevisiae deletion mutants. Remarkably,
the regulation of the heterologously expressed C. albicans gluconeogenic and glyoxylate cycle
genes in S. cerevisize was similar to that of their S. cerevisine orthologues. Therefore, in this
project we expressed C. albicans ICL1 in S. cerevisiae and tested whether Calcll is destabilised
by glucose in S. cerevisiae. The other aims of this section are to test whether C. albicans has
retained the ability to destabilise target proteins in response to glucose and to examine the
signals and mechanisms that trigger glucose-mediated destabilisation of target proteins in C.
albicans.

To test whether C. albicans is able to degrade proteins in response to glucose, the S. cerevisiae
ICL1 gene was expressed in C. albicans. To achieve this, one C. albicans ICL1 allele was replaced
with a tagged S. cerevisine ICL1 ORF. The ScICL1 locus in S. cerevisiae was first tagged using
primers with Myc;-URAS3, and the genomic DNA from this tagged was PCR amplified using
primers to create the CalCL1p-ScICL1-MYC;-URA3 cassette [63]. This cassette was transformed
into the CalCL1 locus in C. albicans ICL1/ICL1. Before going further, it was necessary to test
whether the ScICL1-MYC,-URA3 sequence was integrated accurately into the CaICL1 genomic
locus. Three primer pairs were designed to amplify overlapping fragments of the CalCL1p-
ScICL1-MYC;-URA3 locus based on the in silico sequence [63]. PCR amplification using these
primers yielded the desired bands, establishing that the newly created strain ScICL1-MYC;-
URA3 sequence had integrated correctly into the CalCL1 locus in the C. albicans genome [63].

Then Western blots were performed to test whether the Sclcl1-Myc; protein was detectable in
these C. albicans transformants. The two positive clones were grown to stationary phase
overnight on an alternative carbon source in the absence of glucose. Controls were included
to confirm expression of the tagged Sclcll in C. albicans. In both new strains, an Icll band of
the predicted size (62 kDa) was observed, which was the right size compared to the controls.

To further ensure the correct replacement of the C. albicans ICL1 ORF with the tagged S.
cerevisiae ICL1 ORF, the functionality of this ScICL1 ORF was tested in C. albicans. The ScICL1-
MYC;-URAS3 cassette was amplified from genomic DNA and transformed into C. albicans ICL1/
icl1 cells selecting heterozygote for uridine prototrophs. Once again, correct insertion of the
ScICL1-MYC;-URA3 sequence was confirmed by diagnostic PCR using the three primer pairs
as before and also tested by another three primer pairs to confirm the construction of the C.
albicans ScICL1-MYC;-URA3/icl1 strain [63].
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Western blots were performed to confirm the expression of the Myc-tagged ScICL1 ORF S.
cerevisiae in C. albicans ScICL1-MYC;-URA3/icl1 background. Two positive clones were grown
to stationary phase on lactate-containing medium and protein subjected to Western blotting.
This showed the expression of the tagged Sclcll of about 62 kDa in C. albicans. As expected the
Sclcll protein was not expressed during growth on glucose because it was expressed from the
endogenous CalCL1 promoter that is glucose repressed [63].

The phenotype of this C. albicans ScICL1-MYC;-URA3/icl1 mutant was then tested by growing
in different carbon sources: glucose, fructose, lactate, oleic acid, pyruvate and acetate. The
mutants were compared with control C. albicans ICL1/ICL1, ICI1/icl1 and icl1/icl1 strains. The
presence of the ScICL1 gene in a C. albicans icll background was sufficient to restore growth
on lactate, oleic acid, pyruvate and acetate. This growth was comparable to the positive ICL1/
ICL1 control strain and contrasted with the negative icl1/icl1 control, which was only able to
grow on glucose and fructose. This indicated that the tagged ScICL1 was functional in C.
albicans [63].

Having confirmed the genotype, expression and functionality of the ScICL1 ORF in C.
albicans, the next step was to test the effects of glucose on the levels of the Sclcll protein when
expressed in C. albicans. The C. albicans ScICL1-MYC;-URA3//icll strain was first grown on
alternative carbon sources (lactate or oleic acid), and then glucose was added to a final
concentration of 2%. Samples were then taken at regular intervals, proteins extracted, and
Sclcl1-Myc; levels examined by Western blotting. Control cultures to which no glucose was
added, were also examined. This showed that Sclcll levels remained high in C. albicans cells
grown on the alternative carbon sources. However, following the addition of 2% glucose to C.
albicans cells, Sclcll was degraded. This indicates that C. albicans has retained the capacity to
destabilise target proteins in response to glucose [63].

C. albicans is clearly capable of degrading target proteins following exposure to glucose.
Therefore, why is Calcll not degraded following glucose addition? Has Calcl1 lost the specific
signal that would target it for glucose-accelerated degradation? To test this, the Calcll protein
was expressed in S. cerevisiae.

To achieve this, the S. cerevisiae ICL1 ORF was replaced with a Myc;-tagged C. albicans ICL1
OREF. The C. albicans ICL1-MYC;-URA3 was PCR amplified using the primers and transformed
into S. cerevisiae strain (Ura,, Leu’) selecting for uracil prototrophs. Correct integration of the
CalCL1-MYC;-URA3 cassette into the ScICL1 locus was confirmed by diagnostic PCR using
three primer pairs. In this way, a new S. cerevisiae strain was constructed containing a ScICL1p-
CalCL1-MYC;-URA3 mutation [63].

Western blots were performed to test whether the Calcl1-Myc; protein of the predicted 61 kDa
size was expressed in S. cerevisige. Cells were grown on alternative carbon sources in the
absence of glucose and compared to positive and negative controls. These Western blots
confirmed that Calcll 61 kDa was expressed in S. cerevisine during growth on lactate or oleic
acid and that Calcl1-Myc; was in the correct size compared to the positive control in which
Calcll-Myc; was expressed in C. albicans. Interestingly, Calcll-Myc; was expressed in S.
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cerevisiae cells grown on lactate or oleic acid, but not in cells grown on glucose. This was to be
expected when the CalCL1-MYC; ORF was expressed from the ScICL1 promoter [63].

Having confirmed the genotype of the S. cerevisine mutant expressing the C. albicans ICL1 OREF,
the next step was to test the effects of glucose on the Calcl1-Myc;, protein levels in S. cerevi-
siae. The S. cerevisiae strain was grown on lactate or oleic acid, and then glucose was added to
a final concentration of 2%. Cells were harvested at various time periods thereafter, protein
extracts prepared, and Calcll-Myc; protein levels measured by Western blotting. The results
showed that Calcll-Myc; remained at high levels in S. cerevisine during growth on the alter-
native carbon sources. Even upon the addition of 2% glucose, the levels of Calcll-Myc;
remained high in S. cerevisiae. Minimal decay of the Calcl1-Myc; protein was observed even 4
hours after glucose addition. These data suggest that the C. albicans Icll protein has lost the
signals that trigger destabilisation in response to glucose [63].

The above work suggested that C. albicans has retained the ability to degrade target proteins
in response to glucose, but that Calcll has lost the specific signal(s) that trigger this glucose-
accelerated protein degradation. What is the nature of this degradation signal that has been
lost by Calcl1?

Ubiquitination is known to play a role in the glucose-accelerated degradation of gluconeogenic
enzymes in S. cerevisiae [57]. Previously, Entian and Barnett [45] demonstrated that Ubc8
functions in the catabolite degradation of fructose-1,6-bisphosphatase in S. cerevisiae. Earlier,
Johnson et al. [69] showed that ubiquitin acts as a degradation signal in S. cerevisiae. Therefore,
consensus ubiquitination target sites were examined in Calcll and Sclcll using Ubpred
(Predictor of protein ubiquitination site, from htt/www.ubpred.org/index.html) [70 - 73].

Based on this bioinformatic comparison, the Sclcll sequence contains strong consensus
ubiquitination sites at amino acids 158 and 551, but there is a lack of high confidence ubiqui-
tination targets in Calcll. This prediction was based on high level of confidence which is
described in Ubpred system containing score range 0.84 < s < 1.00, 0.197 for sensitivity and
0.989 for specificity. These included the hydrophobic nature of the ubiquitination target site
for the high confidence prediction (TEDQFKENGVKK), which is contrast to the low- and
medium- confidence sites that contain acidic and basic residues in the putative ubiquitination
site (NGVKK; FNWPKAMSVD) [70 - 73]. Therefore, the presence of consensus ubiquitination
sites in these proteins correlated with glucose-accelerated degradation.

Hence, the next step is to test whether Sclcll decay rates in C. albicans are affected by inacti-
vation of polyubiquitin (UBI4).

To achieve this, the experimental goal was to introduce the Mycs-tagged S. cerevisiae ICL1 ORF
into a C. albicans ubi4/ubi4 mutant [74]. The ScICLI-MYC;-URA3 cassette was PCR amplified
using primers and transformed into C. albicans ubi4/ubi4 cells selecting for uridine prototrophs.
The correct insertion of the ScICL1-MYC;-URA3 into the CalCL1 locus was confirmed by
diagnostic PCR with the same primer pairs as before. These amplified the conjoined sequence
of the CaICL1 promoter and the ScICL1 ORF. The successful and accurate insertion of the
ScICL1-MYC;-URA3 cassette into C. albicans ubi4/ubi4 mutant was confirmed in this way.
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Western blotting was then performed to test whether a Sclcl1-Myc; protein of the predicted
size was expected in the ubi4/ubi4 cells. Cells were grown overnight on the alternative carbon
sources (lactate and oleic acid) in the absence of glucose. A new Myc,-containing protein of 62
kD was observed indicating that the Sclcl1-Myc, protein was expressed on YPL and was the
right size [63].

Having confirmed the genotype and the expression of the ScICL1 ORF in C. albicans ubi4/
ubi4 cells, the next step was to test the effects of glucose on Sclcl1-Myc; protein levels. The ubi4/
ubi4 cells were grown on lactate or oleic acid and then glucose was added to a final concen-
tration of 2%. Interestingly, Sclcl1-Myc; cells were more stable in C. albicans ubi4/ubi4 cells than
in wild type C. albicans cells after addition of 2% glucose. However, the inactivation of the UBI4
(polyubiquitination) locus did not completely inhibit the degradation of the Sclcll-Myc,
protein such that it became as stable as Sclcl1-Myc; in wild type C. albicans cells in the absence
of glucose. This might be because residual ubiquitination remains in ubi4/ubi4 cells thanks to
the presence of a second ubiquitin-encoding locus in C. albicans (UBI3) [74]. Nevertheless, it
was concluded that the inactivation of UBI4 (polyubiquitin) inhibits the glucose-accelerated
degradation of Sclcll in C. albicans. Ubiquitination plays a role in glucose-accelerated protein
decay in this fungus.

As stated above, Sclcll contains two high confidence putative ubiquitination sites located at
residues 551 and 158, whereas Calcll contains no such sites. Therefore, we reasoned that if
ubiquitination plays a role in glucose-accelerated protein decay in C. albicans, then the addition
of a ubiquitination site to Calcll would confer glucose-accelerated degradation upon this
protein. Therefore, the next experimental objective is to introduce the carboxyl-terminal
ubiquitin site from Sclcll (TEDQFKENGVKK) into Calcll, together with the Myc; tag into wild
type polyubiquitin containing C. albicans cells [63].

To achieve this, a ScUBI-site-MYC;-URA3 cassette was PCR amplified from S. cerevisiae
genomic DNA and transformed into C. albicans ICL1/ICL1 cells. To confirm the correct
integration of this cassette at the 3’-end of the CaICL1 OREF in these cells, uridine prototrophic
transformants were subjected to diagnostic PCR using the same primer pairs as before and
new primer pairs. This PCR amplification yielded the desired bands, establishing that the
ScUBI-MYC;-URA3 was correctly integrated at the C. albicans ICL1 locus [63].

Having established the genotype of the new strain (C. albicans ICL1-ScUBI-site-MYC;-URA3),
the next step is to confirm the expression of the Calcll protein carrying the carboxyl-terminal
ubiquitination site and the Myc; tag. Therefore, Western blots were performed to test the
presence and size of the tagged protein. Five positive C. albicans clones were grown on an
alternative carbon source (lactate) in the absence of glucose, protein extracts were made, and
Western blots were performed, probing for the Myc epitope. A new Icl1-Myc; band of about
61 kD was observed, confirming that the Icll protein was expressed on YPL and that it had a
similar size to the positive control Sclcll-Myc; [63].

Having confirmed the genotype of the new strain and the expression of the Calcll protein with
the carboxyl-terminal ubiquitination site in C. albicans cells, the next step is to test the effects
of glucose on the stability of this protein. The new strain was grown on lactic or oleic acid and
glucose was added to a final concentration of 2%. Cells were harvested at various time periods
thereafter; protein was extracted and these were subjected to Western blotting. Interestingly
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the Calcl1-Ubi-Myc; protein was rapidly degraded following glucose addition to cells grown
on lactate or oleic acid. In conclusion, the addition of a ubiquitination site to Calcll accelerates
its degradation in response to glucose in C. albicans [63].

The above observations strongly suggest that specific proteins can be targeted for degradation
in C. albicans following exposure to glucose, and these proteins are degraded via ubiquitina-
tion. If this is the case, it should be theoretically possible to detect ubiquitinated forms of these
proteins. Hence immuno-precipitation experiments were then performed in an attempt to
demonstrate ubiquitinated forms of the Calcll-Myc; protein in C. albicans. Proteins were
extracted from C. albicans ICL1-UBI-site-MYC;-URA3 cells 20, 40 and 120 minutes after glucose
addition. Analogous control extracts were also prepared from S. cerevisiae and C. albicans cells
expressing Sclcll+Myc; Calcll+Myc; and untagged parental strains grown on lactate plus
glucose and lactate alone. These extracts were immunoprecipitated with an anti-Myc antibody
that was predicted to precipitate Icll proteins having carboxyl-terminal Myc, tags. These
immunoprecipitates were then subjected to Western blotting with an anti-ubiquitin antibody
to test whether any of these Myc;-tagged Icl1 proteins carry ubiquitin sequences. The Western
blots were also probed with the anti-Myc antibody to confirm that Myc-tagged Icll proteins
had been immunoprecipitated. This was the case. Interestingly, a weak ubiquitin-containing
band of a length consistent with Icl1-Myc; proteins was detected. Such bands were observed
in three replicate experiments. These weak bands were observed for the Sclcl1-Myc,; Calcl1-
Ubi-Myc; proteins following glucose addition (both proteins carry ubiquitination sites).
However, no ubiquitination of these proteins was observed in the absence of glucose, or for
the Calcl1-Myc; protein (which lacks a strong ubiquitination site) or for the untagged control
cells [63].

These data suggest that when S.cerevisiae Icl1 or an artificial C. albicans Icl1 carrying a ubiquiti-
nation signal is expressed in C. albicans, it becomes ubiquitinated and destabilised in response
to glucose. However, the native C. albicans Icll protein is not destabilised by glucose. There-
fore, in response to glucose, target proteins became ubiquitinated and then degraded in C.
albicans [63].

What natural C. albicans proteins might be subjected to ubiquitin-mediated, glucose-acceler-
ated protein degradation? To address this, bioinformatic tools were used to predict possible
ubiquitination sites in glycolytic, gluconeogenic and glyoxylate cycle enzymes in S. cerevisiae
and C. albicans. Five enzymes were selected for analysis: Fbp1, Pck1l, Mdh1, Enol and Mls1.
Based on this analysis, S. cerevisize Fbp1, Pck1l and Enol appear to carry strong ubiquitination
sites, while only Enol C. albicans appears to have a high confidence ubiquitination site. In
conclusion, while these central metabolic pathways are highly conserved between S. cerevi-
siae and C. albicans, these organisms appear to display significant differences in the presence
of ubiquitination sites in the orthologous enzymes [63].

4. Overview of Metabolic Adaptation in Candida albicans

A previous study suggested that C. albicans might be capable of using more than one carbon
source at the same time during growth in specific niches in the host [34]. This study was based
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on the analysis of specific promoter-green fluorescent protein (GFP) fusions during systemic
candidiasis. Almost all C. albicans cells infecting the kidney expressed GFP fusions with
glycolytic promoters (PYK1, PFK2). Meanwhile one third to one-half of cells infecting the
kidney also expressed ICL1- and PCKI-GFP fusions, suggesting that anabolic and catabolic
pathways might be expressed at the same time. If this is the case, in principle, this would allow
this pathogenic yeast to better utilise the complex mixture of available carbon sources in host
niches. This working hypothesis would be consistent with earlier studies, suggesting that C.
albicans is a glucose Crabtree-negative yeast. In other words, this pathogen retains respiratory
activity even following exposure to glucose [44]. During growth on glucose, ADHI mRNA
levels rise to maximum levels during late exponential growth phase and then decline to low
levels in stationary phase [75]. The ADHI mRNA is relatively abundant during growth on
galactose, glycerol, pyruvate, lactate or succinate, and less abundant during growth on glucose
or ethanol. However, alcohol dehydrogenase levels do not correlate closely with ADHI mRNA
levels. This locus may be controlled at both transcriptional and post-transcriptional levels, or
other differentially regulated ADH loci may exist in C. albicans [75].

Interestingly, a significantly smaller proportion of glucose is fermented to ethanol by C.
albicans than by S. cerevisiae [75]. This is consistent with the low amounts of ethanol produced
by C. albicans observed in this study.

S. cerevisiae is not able to assimilate both non-fermentable carbon sources and glucose at the
same time because of glucose repression. Hence, we predicted that these yeasts have evolved
different responses to glucose. Therefore, in this study, I analysed the regulation of carbon
assimilation in C. albicans focussing on genes/enzymes involved in gluconeogenesis and the
glyoxylate cycle. I tested ICL1 and PCK1 gene expression, Icll and Pckl protein stability and
the impact of glucose on the assimilation of non-fermentable carbon sources. The author
compared their C. albicans responses to those of S. cerevisize under equivalent conditions. The
following conclusions can be drawn from these findings.

First, gluconeogenic and glyoxylate cycle mRNAs are sensitive to glucose in both C. albicans
and S. cerevisiae. This reconfirmed previous findings from Aberdeen Fungal Group Laboratory
[54, 55] and other laboratories [76]. Dramatic decreases in ICL1 and PCK1 mRNA levels were
observed in C. albicans cells after exposure to 2% glucose. This glucose concentration is higher
than the levels of glucose homeostatically maintained in human blood (about 0.1%). However,
it is already known that C. albicans responds to lower glucose concentrations within the
physiological range of blood glucose [54, 55]. Therefore, C. albicans is able to respond to blood
glucose levels during disseminated haematological infections. Interestingly, patients with
diabetes who often have elevated blood glucose levels, have a higher risk of systemic Candida
infections [14], and dietary glucose enhances C. albicans colonisation and invasion [77].

The second main observation was that the Icll and Pckl proteins are stable in C. albicans
following glucose exposure. The addition of 2% glucose to C. albicans cells growing on lactate
or oleic acid did not trigger the degradation of the Icll and Pck1 proteins, at least within the 4
hours examined. This is in contrast to the situation in S. cerevisiae, where the addition of 2%
glucose triggered the rapid degradation of the Icl1 and Pck1 proteins. The estimated half-lives
for these proteins in S. cerevisiae are more than 20 hours [78] indicating that these proteins are
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very stable. This probably represents a significant difference in the physiological responses of
these pathogenic and benign yeasts to glucose. C. albicans is able to establish infections in
complex niches, many of which contain a rich mixture of alternative carbon sources [34]. The
stability of the Icll and Pck1 proteins in C. albicans, even in the presence of glucose, provided
the first clue that this pathogen might be able to assimilate alternative carbon sources at the
same time as glucose in these carbon-rich niches.

The third conclusion was that C. albicans is able to assimilate both glucose and alternative
carbon sources at the same time. It was shown that glucose addition has no major impact on
the assimilation of the alternative carbon sources (lactate and oleic acid). The maintenance of
gluconeogenic and glyoxylate cycle enzymes, therefore, appears to allow C. albicans to continue
to assimilate alternative carbon sources, even following glucose addition. Therefore, during a
transient exposure to glucose in the bloodstream, for example, C. albicans would be able to
maintain anabolic metabolism. Also, after phagocytosis, when the genes of glyoxylate cycle
and gluconeogenesis have been induced [34], these pathways probably remain active some
time afterwards because of the stability of their enzymes. It was reported that the glyoxylate
cycle helps to protect C. albicans against host anti-microbial defences by facilitating anabolic
metabolism in the absence of fermentable carbon sources [79]. Barelle et al. [34] indicated that
the pathogen C. albicans regulates central carbon metabolism in a niche-specific manner during
disease establishment and progression. These authors reported two stages C. albicans activate
the glyoxylate cycle and gluconeogenesis in response to phagocytosis during the early stage
of infection and this is followed by glycolytic metabolism when the fungus colonises tissue.
This metabolic flexibility is thought to increase the biological fitness of this pathogen within
its host. It is conceivable that the prolonged activity of the anabolic pathways might further
increase the fitness of this pathogen.

In conclusion, the regulation of central carbon metabolism in S. cerevisiae and C. albicans seems
to have evolved in ways that reflect their different biological niches. S. cerevisiae has adapted
to grow rapidly when high concentrations of sugars become available from fruit (from feasts to
famine) [10], whereas C. albicans appears to have adapted to utilise the complex mixtures of
carbon sources that are available in the GI tract or the bloodstream for example. The next step
in this study is to test whether C. albicans has retained the ability to target accelerated protein
degradation in response to glucose.

Next, the reverse cloning was done by replacing the S. cerevisiae ICL1 ORF in S. cerevisiae with
a Mycs-tagged C. albicans ICL1 ORF. The aim was to test whether the Calcll protein was
destabilised by glucose when expressed in S. cerevisiae. This revealed that the Calcll protein
was not destabilised in response to glucose when expressed in S. cerevisiae. This indicated that
the C. albicans Icl1 protein has lost the signal that triggers destabilisation in response to glucose.

The S. cerevisine Fbp1 protein is destabilised by glucose via ubiquitination [64]. Therefore, we
reasoned that the Calcll protein might have lost ubiquitination signals, which could account
for the stability of the Calcll protein in S. cerevisiae following glucose addition. Indeed, a
bioinformatic analysis revealed that while Sclcll carries ubiquitination sites, Calcll does not.

To test whether ubiquitination might play a role in glucose-accelerated protein degradation
in C. albicans, the impact of UBI4 inactivation upon Sclcll degradation was tested. Interestingly,
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inactivation of the polyubiquitin gene slowed Sclcll degradation in C. albicans in response to
glucose. This was consistent with the idea that ubiquitination contributes to glucose-acceler-
ated protein degradation in C. albicans.

If this was the case, the addition of a ubiquitination signal should confer glucose-accelerated
degradation upon the stable Calcll protein. This was tested, showing that a carboxyl-terminal
Sclcll ubiquitination signal was sufficient to trigger the rapid degradation of Calcl1 following
glucose addition to C. albicans cells [63].

Finally, direct biochemical evidence for the involvement of ubiquitination in glucose-acceler-
ated protein degradation in C. albicans was obtained by showing that ubiquitin co-immuno-
precipitated with the Sclcll and Calcl1-Ubi proteins in C. albicans, but only when cells were
exposed to glucose [63].

In conclusion, C. albicans is capable of destabilising target proteins in response to glucose, and
this destabilisation is mediated by ubiquitination. The lack of ubiquitination sites on the C.
albicans Icll and Pck1 proteins probably accounts for the observation that these glyoxylate cycle
and gluconeogenic enzymes are not destabilised by glucose in C. albicans.

5. Conclusion and Future Perspectives

Overall, the topic was to explore the impact of glucose on the assimilation of alternative carbon
sources and catabolite inactivation in C. albicans. To achieve this, the effects of glucose on the
transcriptional and post-transcriptional regulation of key genes and enzymes were studied,
and the molecular mechanisms that trigger protein destabilisation in response to glucose were
examined. These effects were then compared with glucose responses in S. cerevisiae.

Gene expression in both C. albicans and S. cerevisiae is sensitive to glucose. In both yeasts, ICL1
and PCK1 mRNA expression levels were down-regulated in response to glucose. This
confirmed the previous microarray studies in S. cerevisiae [54] and in C. albicans [55].

ICL1 and PCK1 are involved in the utilisation of alternative carbon sources such as organic and
fatty acids, and these genes are repressed by glucose in S. cerevisiae. Indeed gluconeogenic and
glyoxylate cycle genes have been shown to be repressed by glucose concentrations as low as
0.01% in S. cerevisiae [54]. Similarly, C. albicans genes involved in central carbon metabolism
respond rapidly to the addition of glucose. Indeed the PCK1 and ICL1 genes have been shown
to be repressed by glucose at levels as low as 0.1% [55]. These observations imply that the
utilisation of alternative carbon sources could be repressed by glucose in C. albicans. Given that
if C. albicans genesinvolved in the utilisation of alternative carbon sources are glucose- regulated
in a similar fashion to those in S. cerevisiae, then it might be expected that these genes would be
repressed during systemic infections. However, during phagocytosis by macrophages, C.
albicans cells appear to up-regulate the glyoxylate cycle, as the expression of the isocitrate lyase
(ICL1) and malate synthase (MLS1) genes is induced [80]. The same applies to the gluconeogen-
ic gene, PCK1 [34]. Furthermore both ICL1 and PCK1 appear to be expressed in some C. albicans

217



218 Genital Infections and Infertility

cells during systemic kidney infections [34]. Various studies have shown that genes involved
in gluconeogenic and glyoxylate cycle contribute to fungal virulence [34, 62, 79].

C. albicans often occupies niches that contain complex mixtures of carbon sources. Our initial
working hypothesis, therefore, was that C. albicans might exploit many of these diverse carbon
sources rather than focussing on glucose alone. Therefore, the tight glucose repression of the
PCK1 and ICL1 genes seemed somewhat surprising [54, 55, 76] because this was inconsistent
with our working hypothesis. Our subsequent discovery that the Pck1 and Icll enzymes were
not destabilised by glucose was more consistent with this working hypothesis. Catabolite
inactivation — the rapid degradation of specific enzymes following glucose exposure —is a well-
defined phenomenon in S. cerevisige. In the yeast, the gluconeogenic enzyme Fbpl is rapidly
degraded when cells are shifted from media with poor carbon sources to rich media containing
glucose [59]. Consistent with this, in this project it was found that both the Icll and Pckl
proteins were rapidly degraded in S. cerevisiae in response to glucose. This was the case when
cells were pre-grown on lactic acid or oleic acid. In contrast, the C. albicans Icll and Pckl
proteins were not destabilised in response to glucose when cells were exposed to glucose. The
stability of the Calcll and CaPckl enzymes in the presence of glucose suggested that C.
albicans might be capable of continuing to utilise alternative carbon sources even when glucose
became available. This suggestion was more consistent with our working hypothesis that C.
albicans has evolved to utilise carbon sources simultaneously in complex niches.

To examine this, the impact of glucose on the ability of C. albicans to assimilate radiolabelled
lactic acid or oleic acid was tested and compared with that of S. cerevisiae. These incorporation
studies confirmed the divergent behaviour of these yeasts with respect to their patterns of
carbon assimilation. In S. cerevisiae, the assimilation of lactic and oleic acid was repressed by
glucose and subsequent growth was reliant on glucose. In contrast, in C. albicans, the utilisation
of lacticand oleic acid was not repressed by glucose. Hence, the utilisation of alternative carbon
sources by C. albicans was not repressed by glucose, and thus the subsequent growth of this
pathogen was supported by assimilating both glucose and alternative carbon sources [63].

In summary, both C. albicans and S. cerevisiae displayed similar responses to glucose at the
transcriptional level, but their responses at post-transcriptional and metabolic levels differed
significantly. Therefore, C. albicans can assimilate both glucose and alternative carbon sources
at the same time, whereas S. cerevisiae is not able to do so (Fig. 1). This is predicted to play a
significant role in the growth of this fungus during infection in the human host [41]. This could
be tested by reprogramming the Icll and Pckl enzymes to be glucose- sensitive in C. albi-
cans. The prediction is that this engineered C. albicans strain would grow less well on mixed
carbon sources containing glucose, and hence would display attenuated virulence. Additional
experiments that could be carried should test the impact of carbon sources other than glucose,
(such as lactose, galactose or fructose) [Ting and Sandai, unpublished] on the stability of
gluconeogenic and glyoxylate cycle enzymes in C. albicans. Fructose, lactose and galactose are
commonly found in the diet, and significant differences are thought to exist between C.
albicans and S. cerevisiae with regard to the regulation of galactose utilisation [81, 82].

Another additional experiment could involve the broad screening of central metabolic
enzymes in C. albicans for consensus ubiquitination target sites, beyond the preliminary screen
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performed here. This would help to extend the predicted impact of glucose on central
metabolic pathways. This preliminary bioinformatic screen of gluconeogenic and glyoxylate
cycle enzymes has indicated that the S. cerevisiae Icl1, Fbp1, Enol and Pck1 proteins carry high
confidence ubiquitination sites (Fig. 2). Previous studies have shown that ScFbp1 is catabolite
inactivated in a glucose-dependent manner via ubiqutination and proteasomal degradation
[59]. In contrast, in C. albicans, only Enol carries a high confidence ubiquitination site. This
bioinformatic analysis is consistent with the suggestion that gluconeogenesis and the glyoxy-
late cycle are insensitive to glucose or at least glucose stimulated, ubiquitin-mediated protein
degradation in C. albicans [63].

The next main step in this project involved testing whether C. albicans has retained the
molecular capability of destabilising target proteins in response to glucose. Examinations of
Icll proteinlevelsinboth S. cerevisiae and C. albicans revealed that while Icl1 is rapidly degraded
in response to glucose in S. cerevisiae, Icl1 remains stable in C. albicans. To test whether the C.
albicans Icll protein has lost the signal that triggers destabilisation in response to glucose, the
C. albicans ICL1 ORF was expressed in S. cerevisiae. Interestingly, the C. albicans Icll protein was
not destabilised in response to glucose when it was expressed in S. cerevisize. This was
consistent with the idea that the C. albicans Icll protein has lost the signal required to trigger
glucose-accelerated degradation [66].

The next step is to test whether C. albicans has retained the ability to degrade target proteins
in response to glucose. To investigate this, the tagged S. cerevisiae Icll protein was expressed
in C. albicans. This tagged S. cerevisiae Icll protein was rapidly degraded when the C. albicans
cells were exposed to glucose. This indicated that C. albicans has retained the molecular
apparatus that mediates glucose-accelerated protein decay (or “catabolite inactivation”).

What apparatus mediates this glucose-accelerated degradation? In S. cerevisiae, ubiquitination
plays an important role in the rapid proteasome-mediated degradation of Fbp1 in response to
glucose [57]. Therefore, the amino acid sequences of Sclcll and Calcll were screened for
consensus ubiquitination sites. This revealed that while the Sclcll sequence has strong
ubiquitination sites, the Calcll sequence does not (Fig. 3). Therefore, to examine whether
ubiquitination plays a role in glucose-accelerated protein degradation in C. albicans, the impact
of a polyubiquitin (ubi4/ubi4) null mutation [74] on the degradation of Sclcll in C. albicans was
tested. The tagged ScICL1 ORF was expressed in this C. albicans ubi4/ubi4 mutant and its decay
rate was measured in the presence and absence of glucose. Compared to the controls, the
degradation of Sclcll was relatively slow in the C. albicans ubi4/ubi4 mutant. This suggested
that ubiquitination plays a role in glucose-accelerated protein degradation in C. albicans.

To test this further, we investigated the effects of introducing a S. cerevisiae ubiquitination site
on to the carboxyl-terminus of the stable Calcll protein. This Calcl1-Ubi protein was destabi-
lised in response to glucose in C. albicans (Fig. 3). This confirmed that ubiquitination plays a
key role in glucose-accelerated protein degradation in C. albicans. It is also confirmed that C.
albicans has retained the molecular apparatus that destabilises target proteins in response to
glucose. In summary, C. albicans cells have retained the molecular apparatus that degrades
target proteins in response to glucose, but Calcll has lost the signal that triggers this destabi-
lisation. As a result, the stability of Calcll enzyme in the presence of glucose allows C.
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albicans cells to continue to use alternative carbon sources such as lactic and oleic acid rather
than switching to glycolysis.

What is the apparatus required to trigger glucose accelerated decay? Ubiquitin- mediated
protein degradation occurs via the proteasome [83]. This is a conserved molecular machine
comprised of numerous protein subunits. Proteins are targeted to the proteasome via ubiqui-
tination, which involves several steps (Fig. 4). Ubiquitin is activated in a two-step process
involving the E1 and E2 enzymes and the hydrolysis of ATP. The primed ubiquitin molecule,
once attached to an E2 enzyme via a thioester linkage, is then ligated to the target protein via
an E3 ligase which provides the substrate specificity. A previous PhD student in the Aberdeen
Fungal Group Laboratory [84] has already shown that proteasomal subunits are highly
conserved across the fungal kingdom and are conserved in C. albicans (Fig. 4). Furthermore,
E1, E2 and E3 enzymes are conserved in C. albicans (Fig 4) [85], which are consistent with the
ubiquitination apparatus being retained in this pathogen. Presumably, the inactivation of
components of this system could block glucose-accelerated protein degradation in C. albicans.

In S. cerevisiae, Ubc8 appears to be the ubiquitin-conjugating enzyme involved in glucose-
accelerated protein degradation. Ubc8 has been described as a ubiquitin-conjugating enzyme
that negatively regulates gluconeogenesis by mediating the glucose-induced ubiquitination of
Fbp1 [57, 64, 85, 86]. Interestingly the Ubc8 protein appears to be conserved in C. albicans [87].
Additional ubiquitin-conjugating enzymes exist in C. albicans, such as Ubc4 and Ubc6, and
these might also be involved. However, all these UBC genes remain uncharacterised in C.
albicans, and therefore itis not yet known whether these genes play a role in glucose-accelerated
protein degradation. Interestingly however, UBCS8 is the only ubiquitin-related gene that is
up-regulated at the transcriptional level following glucose exposure in C. albicans (Table 1).
Therefore, Ubc8 is an excellent candidate for the ubiquitin-conjugating enzyme that mediates
glucose-accelerated protein degradation in C. albicans. Clearly, a future experiment that could
be carried out would be to create a C. albicans ubc8/ubc8 mutant and to test whether this
mutation blocks glucose-accelerated protein degradation in C. albicans. Other UBC genes might
also be inactivated to test the possibility that they are not involved in glucose-accelerated
protein degradation [63].

These findings are relevant to our understanding of C. albicans growth and survival in the host,
and hence to C. albicans pathogenicity. C. albicans persists as commensal during colonisation
in the healthy human GI tract where monosaccharides (such as glucose, fructose and galactose)
and disaccharides (such as sucrose and lactose) can be abundant [88]. These sugars probably
help to sustain the fungus, for example, during the first 6 months of a host’s life when new
born infants consume milk and hence lactose [89]. Both disaccharides and monosaccharides
may supply a carbon-rich environment for microbes such as C. albicans, and they are also
absorbed into the bloodstream [82]. However, during systemic infections C. albicans cells
invade the bloodstream and often internal organs such as kidney. Glucose is present in the
bloodstream but appears to become limited in systemic microenvironments that are colonised
during infection of organs. At this point, the fungal cells probably switch to gluconeogenesis
and glyoxylate cycle metabolism to utilise the available alternative carbon sources [34]. Also,
during phagocytosis, by macrophages and neutrophils, C. albicans cells switch to the assimi-
lation of alternative carbon sources, activating genes such as ICL1 [34, 62, 79, 89] that are
required for full pathogenicity [34, 79]. It would appear from the findings in this chapter, that
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C. albicans has evolved in such a manner that this fungus can continue to assimilate these
alternative carbon sources, even after exposure to glucose. The presumption is that this ability
to use several of carbon sources in these complex and carbon-rich microenvironments
contributes to the growth and pathogenicity of C. albicans in these microenvironments. Possibly
the greatest challenge for the future is to elucidate exactly what carbon sources individual C.
albicans cells assimilate in vivo during commensalism, mucosal infection and systemic candi-
diasis and to elucidate the contribution of transcriptional and post-transcriptional control
mechanisms to this regulation.

This carbon metabolism of C. albicans might be investigated further by examining the ability
of mutant C. albicans cells that carry the ICLI-ubi allele to grow and assimilate carbon in vivo.
These C. albicans cells express Icll that is destabilised by glucose because of the addition of the
carboxyl-terminal ubiquitination site. In principle, Icl1 would be degraded and cells no longer
able to metabolise via the glyoxylate cycle following glucose addition. As a result, those cells
would presumably be less able to course infections and would be less able to compete for
available nutrients against other microorganisms such as endogenous bacteria in the GI tract
compared to their wild type. It is likely to show less successful colonisation, virulence and
fitness due to this defect in its ability to assimilate both glucose and alternative carbon sources
at the same time [63].
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Figure 1. Proposed model of the impact of glucose on the assimilation of alternative carbon sources by S. cerevisiae and
C. albicans. In C. albicans and S. cerevisiae transcription of both ICL1 and PCK1 are repressed by glucose. However, their
regulation at post-transcriptional levels and metabolism diverge significantly. The S. cerevisiae Icll and Pckl proteins
are rapidly destabilised in response to glucose and the assimilation of alternative carbon sources is repressed by glu-
cose. In contrast, in C. albicans the Icll and Pckl proteins decay slowly in response to glucose and continue to assimi-
late both glucose and alternative carbon sources at the same time.
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In addition, it would be interesting to conduct further investigations of the impact of other
carbon sources such as galactose, fructose, sucrose, fatty acid and amino acid on carbon
assimilation in C. albicans. For example galactose might also trigger glucose-like repression in
C. albicans [82]. The behaviour of C. albicans towards other carbon sources differs from S.
cerevisiae. It would be interesting to define the effects of these carbon sources on the levels and
activities of glycolytic, gluconeogenic, glyoxylate cycle and fatty acid (3-oxidation enzymes.
Which other carbon sources trigger the ubiquitination-mediated degradation of these proteins
in C. albicans? How do these mechanisms affect the ability of C. albicans to assimilate lipid,
carbohydrate, protein and other organic acids in their human host during commensalism and
infection? Such studies will provide a more complete physiological understanding of C.
albicans for the future research.
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Figure 2. Bioinformatic prediction of ubiquitination sites in glycolytic, gluconeogenic and glyoxylate cycle enzymes
from S. cerevisiae and C. albicans. Icll, Pckl, Enol and Fbp1 were examined. Those carrying high confidence ubiquitina-
tion sites are highlighted in red.
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Figure 3. Role of ubiquitin-mediated protein degradation in enzyme destabilisation in C. albicans in response to
glucose. Bioinformatics comparison of Calcll and Sclcl1 reveals a lack of putative ubiquitination target in Calcll. Intro-
duction of carboxyl-terminal ScUbi-site in Calcll plus Myc-tagging protein and testing the impact of glucose on the
turnover of Calcll with C-terminal ScUbi-site. Adding back a Ubi-site accelerates degradation in response to glucose.

Candida dataset Expression Saccharomyces dataset ~ Expression Description
Candida gene Ratio glucose S. cerevisiae Ratio glucose
Systematic orfl19Number Concentration (%)  gene homology Concentration (%)
common 0.00.010.11.0 Systematic common  0.00.010.11.0
Ubiquitin-
CA5729  orf19.7438  UBAI -121.0-12-1.1 YKL210W  UBAI  1.0-14-1.1-12 activating enzyme
(by homology)
Ubiquitin-
activating -like
CA3898 orfl9.5074  UBA2 -13-1.0-12-1.2  YDR390C  UBA2 1.0-121.11.0
enzyme
(by homology)
Ubiquitin-like
CA2926 orf19.4209  UBA3 11-1.01.0-1.1 YPRO66W  UBA3 1.0-1.11314  protein activating
enzyme
Ubiquitin-
CA0531  orf19.8686  UBC1 121.01412 YDR177W  UBC1 10-12111.1 conjugating
enzyme (by
homology)
CA5977  orfl9.7571  UBC4.3 13111111 YBR082C  UBC4 10111717 E2 ubiquitin-

conjugating
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Candida datas
Candida gene

Systematic orfl19Number

common

et

Expression
Ratio glucose
Concentration (%)

0.00.010.11.0

Saccharomyces dataset
S. cerevisiae
gene homology

Systematic common

Expression

Ratio glucose

Concentration (%)

0.00.010.11.0

Description

enzyme, 3-prime

end

CA5648

orf19.7347

UBCé6

-1.01.01.1-1.0

YER100W  UBC6

1.01.01.21.6

E2 ubiquitin-
conjugating
enzyme (by
homology)

CA4199

orf19.4540

UBCS8

1.3213.625

YELOI2W  UBCS8

1.01.1-1.0-1.1

Ubiquitin-
conjugating
enzyme (by
homology)

CA5109

orf19.6424

UBC9

1.012111.0

YDL064W  UBC9

1.1131.2-1.1

E2 ubiquitin-
conjugating
enzyme

(by homology)

CA5769

orf19.5411

UBC12

-111.0-111.1

YLR306W  UBC12

1.0-1.6-1.3-15

E2 ubiquitin-
conjugating
enzyme (by
homology)

CA0417

orf19.2225

UBC13

12111111

YDR092W  UBC13

11-14-13-12

E2 ubiquitin-
conjugating
enzyme (by
homology)

CA3263

orf19.2697

UBR12

-121.0-1.1-1.1

YLR024C UBR2

1.0-1.6-1.7-1.6

Ubiquitin-protein
ligase (by
homology)

CA3262

orf19.2695

UBR11.3

-111.0-1.1-1.1

YGR184C  UBR1

1.0-14-14-13

Ubiquitin-protein
ligase, 3" end
( by homology)

CA1279

orf19.3628

RSP5

-1.01.11.21.2

YER125W  RSP5

1.01.11.0-1.1

Ubiquitin-protein
ligase (by
homology)

CA5435

orf19.3237

UFD4

-1.1131314

YKL010C  UFD4

1.0-14-14-13

Ubiquitin fusion
degradation
protein (by
homology)
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Candida dataset Expression Saccharomyces dataset ~ Expression Description
Candida gene Ratio glucose S. cerevisiae Ratio glucose
Systematic orflI9Number Concentration (%)  gene homology Concentration (%)
common 0.00.010.11.0 Systematic common  0.00.010.11.0
Ubiquitin-protein
CA2803 orfl9.5776 IPF11711 11131313 YDR457W  TOM1 10121111 ligase (by
homology)
similar to
Saccharomyces

cerevisiae Huldp
CA6150  orf19.5892 IPF1857 -131.4-111.1 YJR036C ~ HUL4 1.0-1.8-1.9-29  hect domain E3
ubiquitin-protein
ligase (by
homology)

Table 1. Expression of C. albicans and S. cerevisine homologues involved in protein ubiquitination [55].
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Figure 4. Protein conservation in the proteasome. Each protein is colour-coded according to its mean distance to
ScREF scores (scale bottom right: high ScREF scores represent low sequence conservation). Each subunit of the actual
machine (20S core particle and 195 cap) has been colour -coded based on the mean of the mean distance to ScREF val-
ues for the proteins that form it in all species. Rpn13 (ScREF distance = 82) is not included in the picture. Ubiquitin-
related enzymes have been reviewed by Hochstrasser (1996), and protein component of the machine was identified
based on the review by Sharon and co-workers (2006). In the ubiquitin-ligating enzymes, except for the Ubrl and Ubr2
enzymes, all the others are hect-domain proteins [84].
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Abstract

Infection is a multifactorial process, which can be induced by a virus, bacterium, or para-
site. It may cause many diseases, including obesity, cancer, and infertility. In this chapter,
we focus our attention on the association of infection and fertility alteration. Numerous
studies have suggested that genetic polymorphisms influencing infection are associated
with infertility. So we also review the genetic influence on infection and risk of infertility.

Keywords: infection, infertility, virus, bacterium, parasite, polymorphism, genetics

1. Introduction

The search for source of infection and infertility has been an active area of study for many
years. Because the source of infection is complex, we divided the source of infection into three
groups: virus, such as mumps virus, hepatitis B virus, human papillomavirus, herpes simplex
virus, and human immunodeficiency virus; bacteria, such as Chlamydia trachomatis and
Helicobacter pylori; and parasite, such as Toxoplasma gondii. First, we review the association of
these infections and infertility. Because genetic influence may play important roles in regu-
lating the infection in fertility, we also discuss the genetic effects on infertility, mainly the gene
polymorphisms influencing infection and infertility in the following sections.

2. Infection and fertility alteration

2.1. Mumps virus infection and fertility

Even though Hippocrates described mumps many years ago and its vaccine has been available
forlong time, the disease continues to spread in the world. Mumps, a disease of droplet contact,

I m EC H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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is transmitted to the population via the respiratory tract. The viruses multiply in upper
respiratory tract mucosa and are carried to the affinity organs, such as the inner ear, pancreas
and mammary glands, testis, and ovaries. [1]

Mumps virus is an RNA virus, which causes inflammatory reactions. Infections of mumps
virus cause a variable clinical symptom. At the very beginning of infection, the virus attacks
the testes, destroying the testicular parenchyma and reducing androgen production. [2] Most
commonly they lead to fever and parotitis, and about 30% of male adolescents with mumps
will develop orchitis. [3] Because orchitis is the most common complication in men, the disease
sometimes develops in adult patients.

Previous studies consisting of about 300 patients with mumps orchitis were carried out
between 1951 and 1970. Following mumps orchitis, cytogenic deterioration, with regard to
sperm morphology, is a long-lasting effect. Spermiogenesis was greatly disrupted in half of
the patients. In many patients whose testes were not atrophied, poor fertility was found
persistently. According to the observations, sperm morphology was the most influenced, of
the characteristics that were studied, and sperm count might be the least affected. [4] In
conclusion, mumps virus infection is a risk factor for male infertility.

2.2. Hepatitis B virus infection and infertility

Hepatitis B virus (HBV) is a double-stranded DNA virus, which is one of the most common
viruses threatening health of human beings. [5] HBV infection has been a very serious public
health problem worldwide, especially in Asia. HBV infection was found to be related to
decreased instability of sperm chromosome, sperm function, [5] and impaired sperm viability
and normal morphology. [6] Recent work has confirmed that sperm is possibly a vector for
vertical transmission of HBV. [7] However, little is known about the influence of HBV infection
on sperm functions, which is vital for the fertility of those HBV carriers.

In 1985, it was discovered that HBV DNA was in spermatozoa and proposed that HBV may
be a cause of male infertility by damaging spermatozoa. [8] But the mechanisms of the HBV
impacting on human sperm remain unclear. Therefore, the studies of the influences of viral
proteins on sperm function and the explanation of the pathways involved are critically
important for male reproduction. HBs is the main component of HBV envelope proteins, so
its effects on sperm functions, such as motility, fertilizing ability of sperm, and the according
pathways require full studies. [5] Other studies indicate that HBV infection induces adverse
influence on sperm chromosomes. Fluorescence in situ hybridization technique can visualize
HBV DNA sequences that integrate into sperm chromosomes. Consequently, HBV enters germ
line of male and integrates into the genome. [8]

Results of some studies indicated that HBs were able to reduce the human sperm fertilizing
ability by inducing loss of sperm mitochondrial membrane, which potentially leads to the
decrease of sperm fertilizing ability. [9] With increased concentrations of HBs, sperm were
found to lose mitochondrial membrane potential and have decreased sperm motility and
sperm fertilizing ability was affected. However, the molecular mechanism of HB-induced
reproduction dysfunction needs to be explored in the future.
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HBV can be transmitted vertically to the offspring through the male germ line because HBV
may do harm to sperm function. [8] Some observations concerning the viral infection indicate
that woman carriers of HBV may have reduced fertility potential, but further work is needed
to explore the field and understand the effect of chronic viral infection on the reproduction.
[10] So more attention should be immediately paid to the patients with HBV infection in the
aspect of reproductive health.

2.3. Chlamydia trachomatis infection and infertility

Chlamydia trachomatis is an intracellular bacterium and needs living cells to multiply. Its
chromosome includes about 1 million base pairs. Identified serotypes of C. trachomatis are
eighteen. This kind of bacterium’s cell cycle is quite different from that of others. [11]

C. trachomatis infections are considered to be the most common sexually transmitted bacterial
infections all over the world. [12] The infection cycle starts with the entry of an infectious particle
into an epithelial cell. Chlamydia infections cause great medical, economic, and even social
problems. To diagnose C. trachomatis infection, nucleic acid amplification tests are done. [13]

Many studies have studied the link between chlamydial infection and semen quality. Some in
vitro and in vivo studies tried to study the relationship between chlamydial infection and
markers in spermatozoa. The establishment of a causal relationship between chlamydia and
male infertility would have important effects on public health. [12] However, C. trachomatis
infections are more harmful to the reproductive health of women than to men.

C. trachomatis is one of the major causes of mucopurulent cervicitis, which leads to about three
kinds of complications and pelvic inflammatory disease in female. [14] Chlamydial pelvic
inflammatory disease (PID) is a significant preventable cause of infertility and bad pregnancy
outcome. According to a study about chlamydial infection and women, significantly higher
prevalences of IgA and IgG antibodies were found among individuals suffering from infertil-
ity. The results of polymerase chain reaction (PCR) testing indicated that the women with
positive IgA and IgG antibodies might possibly have been infected with C. trachomatis before.
However, this study had some limitations, such as many bias and small sample size. [15]

Consequently, additional studies are necessary to get more epidemiologic data about C.
trachomatis infection and to formulate useful prevention and intervention actions such as health
education among adolescents. When talking about the treatment of this infection, the use of
azithromycin should be considered during pregnancy. Treatment of sex partners is vital for
reducing the risk of re-test after treatment.

2.4, Toxoplasma gondii infection and infertility

Toxoplasma gondii is a very common protozoan parasite infecting warm-blooded animals,
including both mice and humans. About one-third of the human population has been ex-
posed toit. [16] Approximately 50% of the humans are infected and developed a disease named
toxoplasmosis, which is one of the most common parasitic zoonoses throughout the world. In
different regions within any country and among different population groups based on various
social, culturallifestyle, and environmental factors, the prevalence of T. gondii always varies. [17]
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Some studies indicate that low socioeconomic status has contributed to T. gondii exposure. [18]
Another risk factor of the exposure might be the consumption of raw fruits and vegetables that
were contaminated with T. gondii oocysts. Globally, very limited amount of studies of the
agricultural population about the prevalence of T. gondii infection are conducted by research-
ers. The goal of a study was to investigate the prevalence and possible risk factors of toxo-
plasmosis among female farmworkers in a region of Turkey. [17]

In adults, T. gondii does not cause serious diseases, but in women infected with T.gondii, life-
threatening complications such as congenital disease or even abortion occurs in the developing
fetus. [19] However, there were some relations between infection of Toxoplasma and the sperm
quality in human population. Zhou et al. [20] found that Toxoplasma infection in infertile human
couples was higher than that in fertile ones. It may be related to the antisperm antibodies that
were higher in infected human couples. A recent research of T. gondii infection in men with
sterility indicated that among the cases of man’s sterility, some of them were serologically
Toxoplasma-IgG, IgM, and CAg positive. It was concluded that T. gondii infection may influence
men’s fertility. [21] Lu et al. concluded that acute infection of T. gondii can cause male infertility,
and Sun et al. [22] concluded that acute T. gondii infection can devastate the reproductive
function of infected male mice experimentally. Researchers used rats to study the effect of
toxoplasmosis on male reproduction and found that in the Toxoplasma-infected group, sperm
motility was decreased significantly. However, in median sperm concentration, they did not
find any significant difference in infected animals and controls. Results indicate that there is
possibly a correlation between toxoplasmosis and disturbed reproduction in male rats. [23]

Furthermore, a large-scale experiment with greater amount of animals and generations will
be required to study the significant effect statistically. [24] Based on current researches, control
programs of Toxoplasma infection in many countries should be implemented. Faster and
reliable diagnostic tests should also be developed for male and female. [17]

2.5. Human papillomavirus infection and infertility

It was estimated that the prevalence of human papillomavirus was at about 12% globally in
2012, [25, 26] despite licensure of HPV vaccines in over 50% of the countries. Recent data
indicate that in the United States more than 10 million people are newly infected every year
and 79 million people are currently affected. [27] Inconsistent vaccination rates may contribute
to continuing prevalence of this virus. [28, 29] Furthermore, in 2010, the whole cost of pre-
venting and treating HPV-associated disease was said to be $8.0 billion. [30] Consequently,
more attention has to be paid to the HPV infection.

Over 100 HPV types could spread by skin-to-skin contact, including sex, oral sex, sexual
intercourse, and other contacts, involving the skin surfaces and genitals. People are commonly
susceptible to this virus distributing in the skin and mucous membranes. It has been estimated
that more than 50% sexually active populations will acquire the HPV infection during their
whole lifetime, [31] and the risk of infection increases with the lack of condom use, the number
of sexual partners, and smoking. [32, 33] Majority of sexually active adults may possibly
acquire HPV during their lifetime. Generally, with the increasing amount of lifetime sexual
partners, the risk of developing illness caused by HPV increases. [30] The human papilloma-
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virus is considered to be one of the most common sexually transmitted viruses affecting
fertility.

HPV is a kind of pathogen that induces chronic infections without any specific symptoms. It
is generally accepted that sexually transmitted viruses can cause some changes in infertility.
According to a summary of findings, there are some effects of HPV on sperm parameters. For
example, HPV infections can alter sperm motility. On the other hand, HPV may increase sperm
DNA fragmentation and change semen pH. In general, studies indicate that HPV infection is
a factor adversely affecting male fertility or even resulting in infertility.

The studies that report on the differences in sperm quality between uninfected and infected
men are discordant. In vitro studies have demonstrated that after incubation with specific HR-
HPV DNA, higher motility of normal spermatozoa was found. [34] Additionally, there have
been quite different influences of seminal HPV infection on some sperm parameters; a few
studies have demonstrated that in HPV-infected men, sperm motility decreased, but they do
not provide significant information on which sperm parameter could indicate HPV infection.

However, there was no significant difference in sperm quality between HPV-infected men and
the uninfected. A study suggests that the presence of HPV may not affect sperm quality. In
another recent study, about 300 semen samples of male partners of couples treated by IVF were
screened for the HR-HPV DNA infection. [34] Between infected and uninfected men, the HPV
DNA infection did not differ significantly. That is to say, sperm quality does not be impaired
by the presence of HPV.

It was interesting that HPV-infected couples with the help of assisted reproduction technique
might have an increased risk of pregnancy loss compared with the controls, according to a
study. [35] However, additional larger studies are necessary to demonstrate the findings before
clinical application and support the possibility of reducing the risk of the infection by assisted
reproductive technology (ART). [36] Surely, including HPV infection, there are a great amount
of other factors that cause infertility. [37] Small sample sizes and limited range of HPV types
tested may possibly explain the discrepancies. In conclusion, studies of diverse results will
promote more discussions about the influences of HPV infection on infertility.

2.6. Herpes simplex virus (HSV) infection and infertility

The Herpesviridae family consists of over 200 species infecting birds, mammals, fish, and so
on. [38] In accordance with the World Health Organization (WHO), about 90% of the Earth’s
population is infected by viruses of the Herpesviridae family. HSV can be categorized into two
types: HSV-1 and HSV-2. Through direct contact with sites of viral shedding or with muco-
cutaneous fluids carrying the virus, individuals can contract HSV-1. HSV-1, the most prevalent
virus among herpes viruses, is transmitted through oral secretions or sores, causing ocular and
oral manifestations. Diseases caused by the virus are pharyngitis, tonsillitis, and gingivosto-
matitis, causing inflammation of the pharynx and tonsils and swelling of the gums. [39] During
sexual contact with people having a genital HSV-2 infection, someone can get HSV-2 infection.
Additionally, HSV-2 may possibly enhance the risk of acquiring HIV. Generally, someone
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infected with it does not know the infection is present in his/her body. When it induces
symptoms, it is extremely painful.

Some studies have established the association between HSV infection and male infertility. By
semen analysis, researchers compare mean sperm count and morphology of samples. Using
real-time PCR method, researchers find a prevalence of HSV DNA in semen. [40] According
to a study of 279 infertile women attending an in vitro fertilization and embryo transfer
program, the positivity rate for HSV was about 6.30%. [41] In order to investigate the preva-
lence of HSV in the infertile men, a study used serologic testing and PCR to test semen and
blood samples. The PCR results indicated that the prevalence of HSV in semen was about 12%.
[39] However, more researches should be conducted to correctly compare infertile individuals
with and without HSV.

HSV targets the reproductive system, and the infection among males and females leads to
infertility problems, but the mechanism seems different in the two populations. As shown in
transgenic mice and in some experiments, it seems to affect the semen in males. [42] Interest-
ingly, there have been no specific semen parameter associated with the HSV infection so far.
[43] In women, HSV infection is a risk factor for infertility. The causal relationship between
the infection and infertility in males and females would be established through further
researches.

2.7. Helicobacter pylori infection and infertility

Helicobacter pylori is a spiral-shaped, microaerophilic organism, a member of the genus
Helicobacter, and infects humans, especially at the gastroduodenal tract level. [44] Its genome
is as small as 1667 kb, its niche is restricted, and the genome expresses a small amount of
metabolic events. However, due to specific virulence determinants, H. pylori has been able to
establish an adaptive evolutionary machinery. [45]

H. pylori infection is not limited in the gastroduodenal tract; H.pylori infection causes other
digestive illness too. In the 1990s, some epidemiological studies indicated that H. pylori
infection might be related to extra-digestive diseases affecting the heart and the blood vessels;
then further studies showed that the disorders associated with this infection also affect the
oropharynx, skin, and various other systems, such as the respiratory, endocrine, immune,
hemopoietic, and central nervous systems. [46, 47]

Recently, more and more evidence in the literature indicates that H. pylori infection seems to
negatively influence the reproductive function. Moretti et al. first investigated the association
of H. pylori infection and female infertility. They reported an increased prevalence of H.
pylori infection in female patients with fertility disorders compared to controls. [48] Several
years later, a Japanese retrospective survey including almost 200 female patients supported
the observation. [49] Figura et al. reported that the anti-H. pylori antibody levels in serum
samples were higher in individuals with reproductive disorders than in controls and suggested
that the risk of infertility may be increased by H. pylori infection. [48] Furthermore, Moretti et
al. [50] found that the prevalence of H. pylori infection was higher in male patients with fertility
problems than in controls.
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Through various mechanisms, such as the release of molecular mimicry, inflammatory
mediators, and systemic immune response, H. pylori infection can directly or indirectly impair
reproductive functions. [51] Before considering reproductive disorders as another manifesta-
tion of extra-digestive diseases related to H. pylori infection, it is significant to carry out further
studies about the prevalence of H. pylori infection in patients and controls, and particularly to
perform study evaluating reproductive potential after H. pylori infection. [50] Furthermore,
biologic researches to explain the relationship between H. pylori infection and infertility are
required.

2.8. Bacterial semen infection and infertility

Almost 15% of cases of male infertility can be explained by infections about genitourinary tract.
[52] Both infections and inflammation in the male reproductive system may impair the sperm
cell, function, and the overall spermatogenetic process, [53 — 55] altering qualitative and
quantitative sperm.

The bacteria, viruses, and fungi that contribute to semen infection may be sexually transmitted
or come from the urinary tract; their effect on impairing male fertility has already been
discussed. [56]

The sperm bacterial contamination is very normal and might contribute to the impairment of
semen quality in infertile patients. Some studies have investigated the effect of bacterial semen
infection in male fertility, but the putative influence of bacteria on semen quality is still
inconsistent. [57]

Bacteria can affect the male reproductive function directly, by reducing the acrosome reaction,
causing the agglutination of motile sperm, and changing cell morphology, and indirectly, by
producing reactive oxygen species caused by the inflammatory response to bacterial infection.
[58] The negative effect of bacteria on sperm motility is known to all. [55, 59] The findings of
Moretti et al. [60] show that in all groups except for in two, sperm motility was reduced
significantly. Moretti et al. suggested that the existence of bacteria would possibly alter the
sperm quality. In the positive group, the mean sperm concentration for bacteria was signifi-
cantly less than that in controls, whereas the value was always considered normal for WHO.
Findings reported by other researchers [53, 57] indicate that Escherichia coli, Enterococcus
faecalis, and Ureaplasma urealyticum have negative influence on semen quality of infertile
patients. Alterations frequently observed in spermatozoa attributed to bacteria in both in
vitro and in vivo conditions are reduced sperm concentration, sperm morphological alterations,
loss of motility, and impaired acrosome reactions.

However, there is no absolute agreement on the detrimental effect of bacteria in the semen. A
research reported that the bacteria isolated from the genitourinary tracts of men do not have
any influence on semen quality; however, bacteria always impaired the antioxidant ability of
sperm in infertile patients with pathological semen parameters. [55]

The exact molecular mechanism that the male fertility is affected by bacteria infection is not
only multifactorial but also complex, and it is still a puzzle. [60] More studies based on the
molecular approach should be applied to this problem to provide new explanation to the
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microorganisms contacting with sperm and eventually monitoring the health of male genito-
urinary organs. In fact, re-evaluating sperm characteristics of patients treated would help to
confirm the role of bacterial presence of the observed sperm abnormalities.

2.9. Human immunodeficiency virus infection and infertility

Initially, in the 1980s, human immunodeficiency virus (HIV) was found in the mononuclear
cell fraction of the semen of one HIV-1-seropositive man and two men developing acquired
immunodeficiency syndrome. [61] In the early period of the epidemic, those individuals
diagnosed as HIV positive were not estimated to live a long life. [62] Since the HIV and AIDS
were identified, in the management and long-term prognosis for infected people, vital
advances have been made.

According to the WHO, about 75 million people have been infected with the HIV and more
than 30 million humans have died of it. During the past 20 years, it has been extensively
researched on the field of HIV infection, which invades the human immune system. In Sub-
Saharan Africa remaining severely influenced, about 1 in 20 adults is infected by HIV and the
number accounts for 71% of the infected people globally. [63]

With the appearance and especially the development of the immunodeficiency syndrome
pandemic, attention of the sexual transmission of viruses in human population and its health
effects has peaked accordingly. [61] HIV that causes AIDS is the most enormously studied
virus among the sexually transmitted viruses. Some studies assessed the influence of HIV
infection on sperm parameters in HIV-positive men. Researchers analyzed the association
between markers of HIV infection and characteristics of semen. For example, a significant
correlation between sperm count and CD4 cell count was demonstrated. Compared with fertile
men, HIV-positive men’s semen volume, sperm motility, and total sperm count were impaired.
Dulioust et al. [64] investigated almost 200 HIV-infected men free from AIDS symptoms on
the semen characteristics. Standardized methodology was used to analyze the semen samples
collected. However, they did not observe any relation between HIV infection and semen
characteristics. In the study of HIV-infected men, the semen changes may be not remarkable
enough to affect fecundity greatly. The perfect study design of larger patient size is a longitu-
dinal cohort study, which describes semen parameters during the development of an HIV
infection. [65]

Studies showed that fertility was lower in HIV-1-infected women than the controls in Sub-
Saharan Africa. It was the first time to suggest that HIV/AIDS was related to the fertility defects.
[66] Recently, more studies indicate that fertility rates in HIV-infected women have decreased
in the United States. [67] Among HIV-1-infected women, subfertility may be explained by
biological alterations in reproductive physiology. Based on a reproductive endocrinology,
HIV-infected women are more likely to have amenorrhea and protracted anovulation com-
pared to the uninfected women. [68, 69] Many studies have linked HIV infection with prema-
ture ovarian failure. Additionally, pregnancy-related problems will continue after conception.
In several clinical studies, it is more common that HIV-infected women may have pregnancy
loss. [66] The correlation between HIV infection and infertility is a significant area for further
research and investigation. The observations of those studies demonstrate that access to
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investigating infertility and treating HIV-positive individuals is very limited in many coun-
tries. Healthcare professionals who care for these patients must pay more attention to conduct
effective strategies to change the situation. [62] Researchers should design more treatments to
minimize the risk of HIV transmission and to better understand the influences HIV and its
treatments have on reproductive competence and fertility. [66]

3. Genetics influence on infection and risk of infertility

About7% of men fromthe general populationareinfertileand 11.3% of married womensuffering
from infertility. [70, 71] Genetic inheritance could influence risk of many diseases like infertili-
ty. Over the last two decades, the genes responsible for many rare reproductive disorders have
been identified by genetic linkage mapping with multiple affected individuals. [72] In male
infertility, a cause for infertility cannot be identified in almost half cases. Severe spermatogen-
esis impairment is likely a genetic condition in many male infertility cases. [73] In female
infertility, genetic factors also contribute to risk of many diseases, such as uterine fibroids,
endometriosis, and tubal damage. Common genetic variants in complex diseases are simpler
to detect by population studies (case—control study). Genome-wide association study (GWAS)
is a developed method to study the genetic variants in population-based studies. GWAS
methods could provide a powerful approach for mapping disease gene. [74] Single nucleo-
tide polymorphisms (SNP) array and next-generation sequencing (NGS) could provide critical
new date on rare variants. More than 30 million SNPs that segregate in human population have
been identified. Gene discoveries from GWAS may not provide results that translated immedi-
ately into the clinic. They are the starting point to understand disease biology and already
provided novel insights into biological pathways and novel biomarkers. [74]

In previous part, we have reviewed the association of infection and infertility, since gene
polymorphism could influence infertility and infection status could also been influenced by
gene polymorphism; therefore, we summarize the literatures reporting genetics influence on
infection and risk of infertility below, because male and female infertility have different causes
and subgroups; here we discussed them in two aspects.

3.1. Gene polymorphism influence infection and risk of male infertility

Even though many articles have been reported the association of gene polymorphism with
male infertility, the association between gene polymorphism influencing infection and male
infertility is limited to only two reports. [75, 76] As we know, unique immune environment of
the testis is very important for spermatogenesis. Cytokines play critical roles in the mainte-
nance of immune environment of the testis. Members of the interleukin-1 (IL-1) family are
pleiotropic cytokines involved in the regulation of junction dynamics during spermatogenesis
and further increase on infection. Recently, the polymorphism of the human IL-1B gene (C+
3953T) has been reported to associate with male infertility in asthenozoospermic patients from
an Indian population. [75] In that study, the author found that the genotype frequencies of the
IL-1B Taq C/T polymorphism were significantly higher in asthenozoospermic patients
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(OR=10.4; CI, 2.50-43.96). Meanwhile, the author also found the association of variable number
tandem repeat (VNTR) polymorphism of the interleukin (IL)-1 receptor antagonist gene
(ILRN) with male infertility before. [76] The study indicated that risk of ILIRN2 polymorphism
with male infertility (OR=1.43; CI, 1.1546-1.7804). In these two articles, we can find that the
polymorphisms of IL-1 were both studied in these articles. One reason might be that these two
studies carried by one research group and another reason might be that IL-1 plays important
roles in testicular microenvironment. However, the total numbers of male subjects recruited
in these two studies were limited to 452-689. So, it may lack sufficient statistical data to show
the real association. Besides, the males in these studies were all Indians; therefore, further
confirmation of the association in other ethnic population are needed. In addition, interactions
of gene-gene and gene—environment factors were not considered. Environmental exposure of
some chemicals or habits and customs of subjects such as smoking or drinking could influence
the association of gene polymorphism and infertility. [77, 78] So we have reason to believe that
the infection status could also impact the association of polymorphism and risk of infertility.
Subjects with the same polymorphisms but different infection status may have different risk
of infertility. Similarly, subjects with the same infection status but different polymorphisms
may also have different risks. Thus, more complete researches are needed to determine the
association of genetic polymorphism influencing infection and risk of male infertility in
different subgroups and different infection status.

The associations between gene polymorphism and male infertility have been relatively widely
investigated. However, the associations of gene polymorphism influencing infection and risk
of male infertility were rarely confirmed. This may be the reason that researchers often focus
on the polymorphism of genes playing roles in spermatogenesis. Since infection could increase
the risk of infertility, more gene polymorphisms influencing infection are needed to be
confirmed to be associated with male infertility in the future.

3.2. Gene polymorphisms influence infection and risk of female infertility

Tubal factor infertility (TFI) is one of the most common female infertility, and chronic inflam-
mation induced by C. trachomatis can lead to TFIL. The immune response is linked to cytokine
secretion pattern, which is influenced by the host genetic background. So the associations
between polymorphism of cytokine and TFI have caused researchers’ concern. The HLA
systems control immune responses by representing antigenic epitopes to immune T cells. By
analyzing HLA class II alleles (DQA1 and DQB1) and CHSP60-specific lymphoproliferative
responses in TFI patients and healthy controls, Kinnunen et al. [79] found that DAQ1*0102 and
DQB1*0602 alleles together with IL-10-1082AA genotype were more significantly frequently
in the TFI patients. Cohen et al. [80] also found that HLA-DR1*1503 and DRB5*0101 alleles
were more commonly in C. trachomatis microimmunofluorescence seronegative women with
infertility, and these alleles may lead to an immunologically mediated mechanism of protection
against C. trachomatis infection-induced TFI. In 2015, Jansen et al. [81] analyzed the association
of HLA-A rs1655900: G>A and susceptibility of C. trachomatis infection in a STD cohort and
found that the carriage of HLA-A rs1655900 has no effect on susceptibility but might be
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protective to the development of late complications, especially tubal pathology could be
relevant.

As one of the most important cytokines, the associations between IL polymorphisms and C.
trachomatis—related female infertility also have been widely studied. To investigate the genetic
basis of Chlamydia-associated infertility and various manifestations of tubal damage, Ohman
etal. [82] studied polymorphisms in cytokine genes, including IL-10, interferon (IFN)-gamma,
tumor necrosis factor (TNF)-alpha, transforming growth factor (TGF)-betal, and IL-6, by a
case—control study. The results suggested that IL-10 AA genotype and the TNF-alpha A-allele
could increase the risk of severe tubal damage in women with C. trachomatis —related TFI.
Meanwhile, in an in vitro study, to study the relationship between IL-10 promoter polymor-
phism and cell-mediated immune response, the researcher analyzed lymphocyte proliferation
and cytokine, including IL-10, IFN-gamma, TNF-alpha, IL-2, IL-4, and IL-5, in subjects with
different IL-10 genotypes. Results indicated that impaired cell-mediated response to C.
trachomatis is associated with IL-10 genotype in subjects with high IL-10-producing capacity.
[83] Unlike mentioned in male infertility, IL-B and IL-1RN gene polymorphisms are not
associated with C. trachomatis —related TFIL [84] A polymorphism of NALP3 (gene symbol
CIAS1) has been associated with decreased IL-1 levels and increased occurrence of vaginal
Candida infection. Witkin et al. [85] selected women undergoing in vitro fertilization and tested
polymorphism in intron 2 of the gene coding for NALP3 from their DNA. Researcher con-
cluded that the CIAS1 7 unit repeat polymorphism could increase the likelihood of mycoplas-
ma infection-associated female infertility.

Mannose-binding lectin (MBL) could activate the complement, modifies inflammation, and is
involved in apoptotic cell clearance. [86] To study the role of MBL in tubal damage and female
fertility, in 2010, Laisk et al. [87] performed a case-control study and found that MBL2 low-
producing genotypes were associated with an increased incidence of pathogens associated
with genital tract infections, hyper-producing MBL2 genotype HYA/HYA and low-producing
MBL2 genotypes were associated with susceptibility to TFI, high-producing genotype
HYA/LYA has a protective effect. In 2011, Laisk et al. [88] also compared four polymorphisms
in MBL2 by a case—control study and found that the low-producing MBL2 genotypes were
associated with susceptibility to TFI. Besides, the low-producing genotypes showed associa-
tion of early pregnancy loss in IVF treatment.

Besides the most studied genetic polymorphisms, major histocompatibility complex class I
chain-related A (MICA) gene is a potential host genetic candidate for C. trachomatis infections.
To study the effect of MICA on the susceptibility to C. trachomatis infection and its association
with tubal pathology, researcher selected 214 infertile women and found that women with
tubal infertility more often had antibodies to C. trachomatis. Results suggested that the MICA
locus might modify host susceptibility to C. frachomatis infection. [89]

From the literatures mentioned above, we can see that most of them are mainly in the study
of TFI induced by C. trachomatis, the reason may be that C. trachomatis is the most common
bacterial cause of sexually transmitted infections. [90] The numbers of subjects recruited in
above studies are also limited (from 113 [79] to 811 [81]), and most of them were below 300
subjects. The mechanism of the genetic polymorphism is also limited. Besides, the interactions
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of these genetic polymorphisms were not carried in these studies. Thus, further study,
including more detail mechanism and more subjects from different countries or race, is needed.

In conclusion, genetic inheritance influences the risk of many reproductive disorders; genetic
polymorphism could also increase the risk of infertility. The studies demonstrating the
polymorphisms influencing infection and infertility were relatively rare. To date, studies on
reproductive and genetic inheritance have used relatively small samples. More and more
cohorts have been established or in preparation, so further genetic maker studies in larger
samples with detail phenotypes and clinical information should be considered into disease
risk classification. Along with detail environment and gene information, gene-gene and gene—
environment interactions also shall be added in further studies. Since GWAS method has been
widely improved to study other diseases, we can carry out infection and infertility researches
by GWAS, so more and more genetic polymorphisms influencing infection and risk of
infertility can be found out in the future. The system researches can provide theoretical and
experimental support for clinical diagnosis and treatment guide.
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Abstract

In cyclic mares, the uterine environment can easily disturbed due to inflammatory proc-
esses that occur secondary to microbial invasion. Different aerobic and anaerobic bacteria
can enter the uterus during natural mating, artificial insemination, reproductive examina-
tion or parturition. The postpartum period is a critical phase since due to relaxation of the
uterus and cervix may favor recurrent infections air intake (pneumovagina) or urine col-
lection in mares with poor perineal conformation. Infections are mainly caused by oppor-
tunistic or commensal microorganisms, such as Streptococcus zooepidemicus, hemolytic
Escherichia coli and Staphylococcus aureus. Other microorganisms like Taylorella equigenita-
lis, Klebsiella pneumoniae and Pseudomona aeruginosa are transmitted through venereal
route. Regarding to the fungal endometritis, the most common fungi include Candida and
Aspergillus. These microorganisms cause infertility as a result of repeated inseminations
during the breeding season and proliferate when the natural immune system is weak-
ened in mares with advanced age and multiparous, or after repeated use of antibiotics.
Indeed, in susceptible mare to endometritis, uterine defense mechanisms involving phag-
ocytosis and opsonization by neutrophils, local synthesis of antibodies, mucociliary activ-
ity, vascular and myoelectric activity permeability are compromised, leading to fluid
accumulation in response to inflammation and infertility.

Keywords: cycling mare, infectious diseases, reproduction

1. Introduction

The ability to maintain a uterine environment compatible with embryonic and fetal life is
essential for reproductive efficiency in horses. However, the uterine environment is easily
disturbed by an inflammatory process following aerobic and anaerobic bacterial invasion,
which can occur during natural breeding, artificial insemination (Al), reproductive examina-
tion, parturition, postnatal infection (pneumovaginal infections), and mostly during a delayed
postnatal cleaning of the uterus as a result of poor conformation [1].

I m EC H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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These bacterial uterine infections cause conception and embryo survival failures despite many
repeated breeding during the season. In the horse industry, endometritis due to uterine
infectious of bacterial origin brings about 25-60% economic losses, leading to infertility. In
pregnant mares, these infectious diseases can appear as failure to conceive, early fetal losses,
mid-gestational abortion, placentitis, birth of a septic neonate, postpartum metritis, or delays
in rebreeding and can be related with other systemic pathologies of viral, bacterial, and fungal
origin [2]. Besides in nonpregnant mares, these infections are most often caused by opportun-
istic or commensal and venereal microorganisms, with a large variety of species have been
isolated.

The healthy mare has three functional genital seals forming a barrier between the external
environment and the uterine lumen [3, 4].

* Lips of vulva: examination of vulvar and perineal conformation should be included in all
prebreeding examinations or evaluations for infertility. The vulva should be a vertical
position aligned with the anal opening. The labia should be tight, with most of length below
the tuber ischii. The vulvar lips may become parted as a consequence of malformation
caused by previous traumatic injuries. In older multiparous mares, there is a tendency for
extreme relaxation of the vulvar lips, particularly during estrus, as well as tilting of the
dorsal aspect of the vulva becomes horizontal as it is pulled cranially over the tuber ischii.
These anatomic changes predispose the mare to pneumavagina (windsucking) and pneu-
mouterus, ultimately causing urine to pool in the cranial vagina producing ascending
infection and contaminate the uterus when the cervix is open. Pneumovagina may lead to
an urovagina (urine pooling within the vagina) when the vestibule and urethral opening
are displaced cranially. In this situation, contamination with fecal material adds to the
increased risk of infection.

* Vulvovaginal constriction: immediately in front of the external urethral opening is the
vulvovaginal constriction or vestibular seal. In genitally healthy mares, this forms the
second line of defense against aspirated air and fecal material. In a normal mare, the
vestibulovaginal area remains sealed even when the vulvar labia are parted. Compromised
vestibulovaginal sphincter function is suspected when air is sucked into the vagina of
compromised secondary to rectovaginal tears and other foaling injuries.

¢ Cervix: forms the important third (and last) protective physical barrier to protect the uterus
from the external environment. The cervix must also relax during estrus to allow intrauter-
ine ejaculation or insemination of semen and drainage of uterine fluid, late pregnancy, and
the immediate postpartum period. An inflammation of the cervix is usually associated with
endometritis and/or vaginitis.

If the closure of the vulva is compromised, it results in the development of a pneumovagina
with consequent aspiration of bacteria and other contaminated products [5]. The initial
development of vaginitis can result in cervicitis and acute endometritis and therefore can lead
subfertility. Usually, in mares, contamination of the caudal reproductive tract with bacteria
during pregnancy can result in embryonic death. In late pregnancy, it can result in the
development of placentitis and abortion [4, 6].
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The more severe conformational abnormalities result in failure of the vulval closing, increasing
fecal contamination since the vulva forms a platform in which feces can collect. In these cases,
the vulval lips are angled at 25° for even 50° to the vertical. According to Bradecamp [6],
defective vulval conformation can be:

* Congenital, rare to find.

* Acquired, which is due to vulval enlarging resulting for the repeated foaling, injury to
perineal tissue and poor body condition (old, thin mares). Older and pluriparous mares are
frequently affected with pneumovagina. However, in cases of young mares that are in work
and have little body fat and/or poor vulval conformation, it can develop these pathology.

Pneumovagina might occur during estrus when the perineal tissues are more relaxed. Some
mares make a noise while walking; however, the diagnosis of other mares may be difficult by
the absence of noises. The pathognomonic sign is the presence of hyperemia and a frothy
exudate in the anterior vagina, on examination with a speculum. Poor cervical dilation may
reduce uterine clearance, while cervical damage or incompetence may predispose to infection.
Finally, susceptible mares may accumulate more fluid within their uterus than normal mares
because of a greater production of glandular secretions secondary to inflammation. The
consequence of decreased physical clearance is that bacteria, inflammatory by-products and
fluid remain in the uterine lumen, inducing more inflammation, mucosal cell damage, and
fibrosis. The persistent inflammation may result in premature luteolysis. Ultimately, chronic
inflammation results in degenerative changes within the endometrium and reduced fertility
[5-7].

Real-time ultrasound examination of the uterus may reveal the presence of air or urine as
hyperechoic or hypoechoic foci seen at the opposed luminal surfaces, respectively. Cytological
and histological examination of the endometrium may demonstrate significant numbers of
neutrophils indicative of an endometritis [6]. The clinical presentation of acute or chronic
reproductive tract infections in the mare is salpingitis, cervicitis, and vaginitis [2, 5].

2. Vulvitis, vaginitis, and cervicitis

Vulvitis (inflammation of the vulva), vaginitis (inflammation of the vagina), and cervicitis
(inflammation of the cervix) can develop due to different reasons such as difficult labor, chronic
contamination of the reproductive tract due to poor conformation, sexually transmitted
diseases, or mating. Bruises and hematomas (a pool of blood under the surface of the skin) of
the vagina may be found in mares following delivery of a foal. Severe inflammation of the
vulva and vagina, including local tissue death, may also occur [8]. Infectious vaginitis and
cervicitis may occur as part of the uterine infection process or as a result of local irritation or
laceration. Vaginal injuries secondary to breeding or parturition may lead to abscess formation
and adhesions [9].

The sinus and fossa clitoral (the folded lining near the clitoris) should always be considered
as a location of bacterial growth. The clitoral swabs are taken from the clitoral fossa and the
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clitoral sinuses to rule out acquired Pseudomonas aeruginosa, Klebsiella pneumoniae, and Taylorella
equigenitalis. The signs of severe inflammation can include an arched back, elevated tail, poor
appetite, straining, swelling of the vulva, and a foul smelling, watery discharge. Signs begin
1-4 days after birth and last for 2-4 weeks. In most cases, supportive care and treatment with
antibiotics are sufficient [10].

Among causes that produce infectious vulvitis and vaginitis include contamination by P.
aeruginosa and K. pneumoniae or venereal transmission produced by equine coital exanthema,
contagious equine metritis (CEM), and dourine. Although the primary route of transmission
is venereal, outbreaks have been documented in which transmission occurred through
contaminated supplies and instruments or by the use of a single glove for rectal examination
of many mares [11].

P. aeruginosa and K. pneumoniae cervicitis can be spread between horses by venereal transmis-
sion. Bacteriological studies should be routinely performed on recently introduced mares and
stallions to prevent such infections. Culture is also indicated if there is an increased incidence
of endometritis on a stud farm. Pre- and post-ejaculation urethral swabs and semen obtained
from stallions should be cultured. Routine washing of the stallion penis with antiseptic solution
before and after breeding is contraindicated because it may disturb the normal bacterial flora
of the penile surface and promote growth of these pathogenic bacteria [1, 12]. Mares infected
with P. aeruginosa and K. pneumoniae discharge greenish-tinged pus with a sweet “grape-like”
odor by endometritis.

Equine coital exanthema is a benign venereal disease caused by equine herpesvirus type-3
(EHV-3). EVH-3 is a member of the subfamily Alphaherpesvirinae [13]. Although the primary
route of transmission is venereal, outbreaks have been documented in which transmission
occurred through contaminated supplies and instruments or by the use of a single glove for
rectal examination of many mares [14]. Clinical signs in mares might develop 4-8 days after
sexual contact and are clearly expressed by the presence of numerous circular red nodules up
to 2 mm in diameter on three different parts of the genital tract: vulvar and vaginal mucosa,
the clitoral sinus, and perineal skin. These lesions primarily develop into vesicles, then into
pustules and eventually rupture, leaving shallow, painful, ulcerated areas that may amalga-
mate into larger lesions. Edema can develop in the perineum and may extend between the
thighs. Sometimes, ulcers will be found on the teats, nasal mucosa, and lips. Secondary
infection of the ulcers by Streptococcus spp. is common, causing ulcers which exude a muco-
purulent discharge, and the mare may become febrile. Without these secondary bacterial
infection occurs, skin healing is complete within 3 weeks, but clitoral and vaginal ulcers heal
slowly. Skin lesions persist for long periods as unpigmented scars; however, pregnancy rates
are not reduced. Lesions in stallions are similar to those described in mares and are found on
both the penis and prepuce. Therefore, copulation may be difficult because intromission is
painful, and the stallion usually refuses to mount and copulate. If copulation does occur during
the ulcerative stage, ulcers can cause bloody ejaculates, reducing sperm viability [11]. Although
coitus is the major route of exposure for stallions and mares, mares can be infected by Al or
thorough indirect contact with contaminated veterinary instruments or equipment, gyneco-
logical examination or testing for pregnancy [11, 14, 15].



Infection and Infertility in Mares
http://dx.doi.org/10.5772/63741

Dourine also produces vulvitis, vaginitis, and cervicitis in the mare. Dourine is sexually
transmitted disease caused by the protozoan parasite, Trypanosoma equiperdum. This pathology
is spread during natural or artificial breeding, foaling, and in the milk of infected mares.
Transmission from stallions to mares is more common, but mares can also transmit the disease
to stallions. The incubation period is a few weeks to several years. T. equiperdum can be found
in the vaginal secretions of infected mares and the seminal fluid, mucous exudate of the penis,
and sheath of stallions. Affected animals include swelling of the vagina and vulva and
mucopurulent vaginal discharge pus by their vulva (females) or urethra (males). Inflammation
of vulva and vagina may extend along the perineum to the ventral abdomen and mammary
gland. The genital region, perineum, and udder may become depigmented. Clinical signs of
dourine can be nonspecific and include fever (temperature greater than 38.6°C), conjunctivitis,
weight loss, skin plaques that may become depigmented, and neurologic signs [1, 16]. Dourine
usually not causes endometritis, but abortion can occur with more virulent strains [17-19].
Approximately 50-70% of infected horses die [1, 16, 18, 20].

CEM is a transmissible, venereal disease of horses produced by the bacterium T. equigenita-
lis. Compared with other breeds, Thoroughbred horses appear to be more severely affected by
the disease. Due to the animals may be asymptomatic, the disease is difficult to detect and
control. CEM is a serious disease because it is highly contagious and can have a devastating
effect on equine reproductive efficiency. Transmission may also occur indirectly by Al or
contact with contaminated hands, instruments used for practitioners or at breeding facilities
following international horse shipments. Undetected carrier mares and stallions are the source
of infection of the disease during the breeding season. Normally, a carrier stallion can infect
several mares before the disease is diagnosed. The sites of persistence in mares that are clitoral
carriers are the clitoral sinuses (medial and lateral) and the clitoral fossa [21], for an extended
period of time [18]. Mares with CEM shows edema and hyperemia of the vaginal mucosa,
cervix and endometrium [18], resulting in infertility, failures to conceive (revealed by an early
return to estrus after breeding), or spontaneous abort [22].

Other microorganisms that have been isolated from fossa and sinus clitoral are Escherichia
coli, Streptococcus faecalis, Corynebacterium spp., Staphylococcus aureus, 3-hemolytic Streptococ-
cus, Bacillus, Enterobacter aerogenes, Pasteurella spp., a-hemolytic Streptococcus, Citrobacter,
and Proteus [23]. When suspected carrier status level of the clitoris, the clitoris is advisable to
treat/lobby before examining the uterus to prevent the risk of transmission of infection to the
cervix.

3. Endometritis

Despite significant research and study, endometritis continues to be a major clinical problem
in broodmare practice and a major source of subfertility. Appropriate diagnosis and treatment
are imperative when attempting to get these mares in foal. Many cycling mares fail to conceive
due to infections in their reproductive tracts and for this reason they are called “dirty mares.”
Dirty mares or mares with endometritis refer to the acute or chronic inflammatory process
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involving the endometrium. Reduction of fertility associated with endometritis—both acute
and chronic—has been recognized for many years. This subfertility is due to an inappropriate
environment within the uterus for the development of the embryo. In some cases, the endo-
metritis may cause early regression of the corpus luteum (CL). One of the main obstacles in
producing the maximum number of live, healthy foals from mares bred during the previous
season is the mare, which is susceptible to persistent, acute endometritis following breeding
[24-26]. A combination of a bacteriological and a cytological examination improved the
diagnostic performance in subfertile mares [27].

Positive cytology to E. coli and 3-hemolytic streptococci is highly associated with the presence
of neutrophil in the stratum compactum and spongiosum on uterus. The low volume, lavage
technique is a rapid and accurate method for diagnosing mares with endometritis, and the risk
of false-positive samples is considered to be minimal when compared with other flushing
techniques described [28].

The key to successful management of these mares is to identify them before or shortly after
breeding and manage them appropriately. Treatment generally consists of a combination of
uterine lavage and ecbolic administration to enhance uterine clearance and administration of
intrauterine antibiotics [29-32].

Overall, endometritis is classified as follows [33]:

* Venereal infectious endometritis.

* Nonvenereal infectious endometritis.

* Persistent post-mating endometritis.

* Endometriosis (chronic degenerative endometritis).
* Chronic infectious endometritis.

The uterine lumen of the normal fertile mare is bacteriology sterile despite the fact that the
reproductive tract is contaminated with bacteria from the act of breeding, foaling, and
veterinary procedures. As it has been previously expressed mares with imperfect vulval
conformation can input air with bacteria into the genital tract, which can develop into
endometritis. The uterus responds to these bacteria with a rapid influx of neutrophils killing
the bacteria rapidly (within 24 hours). Then, these inflammatory products are mechanically
removed, and the endometritis resolves itself. Usually, the failure to resolve this inflammation
results in what is commonly known as “susceptible” mare. This “susceptible” mares have a
delay in uterine clearance, and the inflammatory products accumulate as uterine fluid. Such
mares have a reduced pregnancy rate due to an inappropriate environment for the early
development of the embryo [34]. However, the reproductive tract of mare possesses various
mechanisms to protect itself against infection: physical barriers as vulva, vestibulovaginal
sphincter, and cervix, local immune mechanisms and the physical ability to eliminate products
of inflammation, as described below. The uterine infections become established when one or
several of these natural defense mechanisms fail or become overwhelmed. These infections
become established when normal defense fails to clear potentially pathogenic organisms that
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are introduced into the uterus. The most common sources of uterine contamination include
coitus, parturition, Al, septic genital examination, and manipulation. Age, parity, number of
barren years, and uterine biopsy grade influence likelihood of persistence of infection [2].

3.1. Mechanisms of defense of uterus in the mare

3.1.1. Physical barriers

The uterine cavity is protected from ascending infection by several anatomic structures. The
first line of defense in the prevention of contamination of the vagina and eventually the uterus
is provided by the seal of the normal vulvar labia. The second physical barrier is the vestibu-
lovaginal sphincter. And the third important anatomic barrier is the cervix. However, in some
mares, compromised cervical function is observed, and its entity may remain open during
anestrus and even diestrus. The most common cause of cervical incompetence is a lesion
consequent to dystocia [3]. A plan for treatment and prevention of uterine infection should
include a plan to reestablish normal barrier function. Surgical procedures such as episioplasty,
vestibulovaginoplasty, and rectovaginal tear repair should be considered if indicated and
reestablish the uterine contractility in the elimination of bacteria, fluid, and inflammatory
products from the uterus after breeding [35].

3.1.2. Immunity and uterine defense

An adaptive immune response in the mare’s uterus has been demonstrated. The endometrium
of the mare is inhabited by T lymphocytes. Genitally normal mares had greater numbers of
CD4+ (TH cells) and CD8+ cells (TC cells) in the stratum compactum than in the stratum
spongiosum. The density of these cells was either increased during estrus or found to be
independent of cycle stage. Also it was not influenced by age and larger numbers of CD4+ and
CD8+ cells that are present in the uterine body than in the uterine horns. Following insemi-
nation or mares with endometritis, the number of CD4+ and CD8+ cells is increased. Thus, the
number of CD4+ cells doubled in lymphoid aggregates, and the number of CD8+ cells in the
luminal and glandular epithelium increases. Therefore, an adaptive response is initiated
following antigenic stimulation of the endometrium [24, 36].

As the most common etiological agent in bacterial endometritis, Streptococcus equi spp.
zooepidemicus (S. zooepidemicus) is commonly used in most experimental models because of its
relative ease of laboratory handling and identification. Antigens of S. zooepidemicus are
processed through an endocytic pathway and are presented on the membrane surface of cells
that express class Il major histocompatibility complex (MHC) molecules. Presentation of class
I MHC molecules to CD4+ cells is limited to “professional” antigen-presenting cells (APCs),
such as dendritic cells, macrophages, and B cells. “Nonprofessional” APCs, for instance, certain
epithelial cells, fibroblasts, and vascular endothelial cells, can present antigen in the context of
class I MHC molecules. But APCs cells fail to deliver a co-stimulatory signal and present
antigen for short-term periods during a continued inflammatory response. Cells in the equine
endometrium expressing MHC class Il include macrophages, monocytes, dendritic cells,
lymphocytes, vascular endothelial cells, and uterine luminal epithelium. Expression of MHC
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II molecules was greater in normal mares in estrus than in diestrus. The distribution of these
molecules was predominantly under the luminal epithelium, with occasional foci in the
stratum compactum and infrequently in the stratum spongiosum. This pattern is reliable with
antigen presentation [36-38].

On the other hand, cytokines play an important role in the reproductive processes [39]. The
complexity of their regulation is due to pleiotropism of cytokines, where each cytokine has
multiple target cells of different organs and where responses may differ according to cell type.
The response to endometritis is mediated by inflammatory mediators such as leukotriene B4
(LTB4) and prostaglandins (PG) E2. Mares susceptible to endometritis have a higher expression
of pro-inflammatory cytokines (interleukin-1 3-I; L-1f3), IL-6, and tumor necrosis factor-a
(TNF-a) during estrus and IL-1f and TNF-a during diestrus [24, 34]. An overregulated
endometrial gene expression of pro- and anti-inflammatory cytokines (IL-13, IL-6, IL-8) and a
systemic acute phase response (APR) have been described in mares with experimentally
induced E. coli endometritis [40], as it has gene expression of cytokines in response to Al with
dead spermatozoa in resistant and susceptible mares [24, 36].

In response to endometritis, endometrial mRNA transcripts of pro-inflammatory cytokines
are excellently regulated in resistant mares. These resistant mares have an initial high-
expression levels followed by normalization within a short period of time. By contrast,
susceptible mares have an extended expression of pro-inflammatory cytokines, leading to the
hypothesis that an unbalanced endometrial gene expression of inflammatory cytokines might
play an important role in the pathogenesis of persistent endometritis [36, 38]. In addition,
endometritis gives rise to a systemic APR and an up-regulated endometrial gene expression
of serum pro- and anti-inflammatory cytokines and serum amyloid type A (SAA) [28, 36].

The contact of endometrium with infectious agents results in altered synthesis and secretion
of inflammatory mediators (cytokines and arachidonic acid metabolites) and disturbs endo-
metrial functional balance of PGE2, PGI, PGF2a, and leucotrienes [41]. The events leading to
endometritis are initiated by a local reaction to the primary antigen, with production of
inflammatory mediators, especially PGE2, and neutrophil influx. Increased vascular permea-
bility resulting from proinflammatory mediators exacerbates the neutrophil influx and leakage
of serum proteins into the uterus [2, 42]. PGF2a is considered as the most accurate markers of
inflammation during endometritis for use in practice [42]. Furthermore, in sustained endo-
metritis in mares, PG may not only cause early luteolysis or early pregnancy loss but may also
be related to endometrial fibrosis pathogenesis by stimulating collagen deposition [43].

3.1.3. Immunoglobulins

The predominant immunoglobulins (Igs) in the uterine secretions are IgG, IgM, and IgA
produced within the endometrium. Uterine Ig concentration does not differ between mares
susceptible and resistant to endometritis, suggesting that this is not a major factor in suscept-
ibility to infection. Susceptible mares tend to have slightly higher concentrations of intrauterine
Ig than do resistant mares, but susceptible mares are less efficient at opsonizing streptococci
during acute infection [44, 45]. The inoculation with T. equigenitalis results in both local and
systemic titer increases in antibody [1]. Following intrauterine inoculation with S. zooepidemi-
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cus, this activity is not only strain specific but also comprises heat-stable and heat-labile
components. In general, mares susceptible to endometritis have similar or higher levels of free
Ig in the uterus. The common inference is a dysfunction in the humoral response to intrauterine
infection, which does not contribute significantly to enlarge susceptibility to endometritis.
Investigation of bacterial Ig-binding proteins, would lead to a better understanding of the
humoral response to intrauterine infection and its role in susceptibility to endometritis.
Certainly, Ig-binding proteins have been identified in uterine secretions and deplete hemolytic
complement activity in vitro [44].

3.1.4. Neutrophils

In addition to the traditional functions, neutrophils are able to release DNA in response to
infectious stimuli, forming neutrophil extracellular traps and killing pathogens [46]. Neutro-
phil chemotaxis is induced by bacteria, endotoxin, spermatozoa, semen extenders, and sterile
water and saline solutions. A massive entry of neutrophils into the uterine lumen occurs in
both susceptible and resistant mares after local exposure to foreign proteins. In some mares,
this stimulation causes a persistent-induced endometritis. Therefore, neutrophils play an
important role in this phenomenon, and their effects are exacerbated if bacteria are present.

Susceptible mares have higher nitric oxide (NO), which is a bactericidal agent produced by
macrophages and neutrophils following incorporation of microorganisms than can cause
myometrial relaxation in their uterine secretions and greater inducible NO expression
compared with resistant mares. The NO facilitates smooth muscle relaxation, but its role in
persistent endometritis is a possible role of NO, either directly or in a NO-associated pathway,
in delayed uterine clearance [47]. The activated neutrophils also are an important source of
reactive oxygen species (ROS), which can play a role in the pathogenesis of endometritis in
mares [42, 48].

Resistant mares are able to eliminate most fluid in response to the effects of oxytocin and PG
on the myometrium. Susceptible mares fail to eliminate fluid often because of intrinsic
endometrial or myometrial pathology that reduces uterine contractions less efficient in uterine
clearance. The phagocytic activity of neutrophils is higher on entry into the uterine cavity [44].
Phagocytic activity may be highest during estrus since in ovariectomized mares treated with
estrogens neutrophil phagocytic activity was greater. Phagocytic activity of circulating
neutrophils is no different between susceptible and resistant mares; however, phagocytic
activity and life span of uterine neutrophils are significantly reduced in susceptible mares.
Susceptible mares also have additional uterine clearance problems and accumulate more fluid,
which may contribute to a reduction in the viability of neutrophils [24, 44].

Young mares experimentally inoculated with S. zooepidemicus clear infection within a few
hours, whereas barren mares inoculated with S. zooepidemicus and P. aeruginosa have a delayed
elimination of bacteria [37].

Opsonizing activity in the uterus has a peak of 8 hours after inoculation with Streptococcus.
Studies using heat-treated uterine fluid suggest that complement is not a primary opsonizing
factor in the uterus. In this way, the uterine environment of endometritis susceptible mares
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seems to be hostile to complement. In contrast, the opsonizing capacity to serum and degree
of serum complement activity does not differ between susceptible and resistant mares [44, 49].

3.1.5. Physical clearance of infection

The prevention of persistent infection is due to physical clearance of pathogens and inflam-
matory debris from the uterus and is most effective during estrus [50]. However, mares
susceptible to infectious endometritis are unable to eliminate bacteria from the uterus in the
immediate post-ovulatory period [51]. Younger mares are able to eliminate both S. zooepide-
micus and nonantigenic particles more quickly than older mares.

Some anatomic changes, such as pendulous uteri or broad ligaments, defective myometrial
activity and degenerative changes to the vascular and lymphatic drainage of the uterus, are
also involved in delayed uterine clearance and the pathogenesis of the endometritis. Ulcera-
tion, degeneration, or lack of cilia of the endometrium may be involved in failure of mucociliary
clearance [52, 53].

In susceptible mares, myometrial contractions are less frequent and of shorter duration and
intensity, perhaps because of increased fibrosis or another biochemical factors affecting uterine
contractibility. Alghamdi et al. [47] informed that uterine contractions are reduced in the
presence of NO, which is found in high concentration in susceptible mares.

3.1.6. Antibacterial activity of uterine secretion

Strzemienski et al. [54] reported that cell-free uterine flushes from mares in mid-diestrus
possess antibacterial activity. However, Johnson et al. [55] have failed to demonstrate inherent
antibacterial activity of uterine fluid from noncycling mares or from E2- or P4-supplemented
ovariectomized mares. The discrepancy in the results from these studies may be based on any
qualitative and quantitative differences between the uterine secretions from cycling and
noncycling mares. Recently, it has been identified in the equine endometrium an antimicrobial
and immunomodulator member of the transferring gene family that is expressed by epithelial
cells and neutrophils. Lactoferrin’s antibacterial property lies in its ability to sequester-free
iron, thereby inhibiting bacterial growth. Although lactoferrin expression was overregulated
during early estrus, protein staining was uninfluenced by cycle and was most intense in the
glandular epithelium. According with Kolm et al. [56], expression of lactoferrin was increased
in mares with delayed physical clearance during early estrus, which might represent a
response to inflammation. From the point of view of host—pathogen interactions, unless a
diminished response in lactoferrin expression and production were observed, it is unlikely to
explain how this could be a factor in susceptibility to endometritis.

3.1.7. Mucociliary clearance in the mare

It has been suggested that mucociliary clearance may play an important role in the clearance
of infections and that disruption of mucociliary currents in the susceptible mare leads to
persistence of infection [33]. Mucus production and secretion and optical density are increased
during estrus in mares with delayed clearance. The biological implication of these alterations
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in the mucus is unknown. The effects of fluid accumulation and uterine pathogens on
mucociliary clearance are basis for future research [57]. Bacterial pathogens of the uterus affect
the elasticity and stickiness of the uterine mucus. It was identified that K. pneumoniae and other
gram-negative bacteria lead to the viscosity of the mucus causing a decrease in mucociliary
activity, while B-hemolytic streptococci decrease the viscosity of the mucus. Additionally, it
hasbeen reported that an increase in PGE,, LTB4, arachidonic acid metabolites and an increase
in vascular permeability causes the entrance of S. zooepidemicus into the uterus. Therefore, if
uterus cleaning delays, subclinical endometritis occurs [33].

3.2. Opportunistic infection endometritis

Infection produced by opportunistic microbes is a major cause of infertility in the mare and
inflicts major losses on the equine breeding industry due to early embryonic loss, placentitis,
birth of septic foals, and postpartum metritis. Early pregnancy loss is estimated to affect 25—
40% of the broodmares and uterine infections reported in 25-60% of barren mares [2].

3.2.1. Bacterial endometritis

The organisms most frequently isolated from mares with acute endometritis are S. zooepide-
micus (B-hemolytic), E. coli (haemolytica), P. aeruginosa, and K. pneumoniae [2, 58-60].

At a rate of up to 50% of the endometritis cases, S. zooepidemicus is globally the most consid-
erable bacterial endometritis agent in mares [50, 58]. This most commonly isolated pathogens
from the uterus of mares, suffering from infectious endometritis associated with increased age,
parity, and poor vulvar conformation [28, 50, 61]. Endometritis produced by S. zooepidemicus
can origin from a reservoir of dormant bacteria residing within the endometrium, and not only
as an ascending infection [37, 62]. However, these bacteria can be introduced into the uterus
by breeding because bacteria often are introduced into the uterus during coitus or AI [2].

Other commensal bacteria isolated from reproductive tract of mare include Actinomyces
pyogenes, Proteus spp., Staphylococcus spp., and Citrobacter spp. These bacteria are occasionally
supported by cytologic of histopathologic evidence of concurrent inflammation. a-Hemolytic
Streptococcus, Enterobacter spp., and Staphylococcus epidermidis are rarely causes of endome-
tritis and should be considered simple contaminants [2, 24]. Corynebacterium spp. and anaero-
bic bacteria such Bacteroides fragilis may occasionally cause endometritis in mares [26, 63].
Anaerobic bacteria and mycoplasmas have been suggested as possible causes of endometritis
from postpartum and foal heat in the mare samples when the evidence of inflammation is
present without aerobic bacteria [2]. The resulting disease is characterized by endometritis,
vaginal discharge, and a devastating effect on fertility.

The pathogenicity of bacteria depends on their ability to adhere to the endometrium, prevent-
ing their removal by normal uterine clearance mechanisms. Adhesive proprieties of S.
zooepidemicus are probably mediated by fibronectin-binding proteins and hyaluronic acid
capsule [62]. Resistance to phagocytosis is often observed with S. zooepidemicus and K.
pneumoniae. This resistance is probably mediated by antigenic variation, antiphagocytic M-
protein-like, hyaluronic acid capsule or polysaccharide, and Fc receptors on phagocytic cells.
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M-protein-like surface proteins capable of depriving the bacterium of unspecific and specific
immune reactions caused by attaching to the Fc region of IgG and IgA. The M-like proteins
also bind fibrinogen [64]. Streptococci-binding fibrinogen to the M-like protein attaches to
phagocytes too, yet they are not internalized. S. zooepidemicus is able to resist complement-
mediated cell lysis, which might be mediated by the M-protein-like. The antigenicity of the M-
protein-like is mainly responsible for the mounting of a protective immune response. Bacterial
toxins promote deterioration of complement and exacerbate uterine inflammation [64—66].

In contrast to a true sexually transmitted diseases, persistent infectious endometritis is often
the result of contamination of the uterus by the mare’s fecal flora combined with compromised
uterine defenses [24, 67]. Different bacteria such as P. aeruginosa, K. pneumoniae, S. zooepidemi-
cus, and E. coli can be sexually transmitted in horses, but the magnitudes of exposure to these
microorganisms are determined by the particular strain involved and active participation of
the mare’s uterine defense mechanisms [24]. Once the bacterium attaches and colonizes
mucous membranes produces endometritis. This process is promoted by extracellular
enzymes and toxins. Many strains of P. aeruginosa produce exotoxin A, which causes tissue
necrosis due to blocking protein synthesis of host cells. Pseudomonas and other bacteria
survive in nature by forming biofilms on surfaces. A biofilm is a structured consortium of
bacteria embedded in a self-produced polymer matrix consisting of polysaccharide, protein,
and extracellular DNA. A bacterial biofilm is a complex aggregation of microorganisms
growing on a solid substrate. Biofilms are characterized by structural heterogeneity, genetic
diversity, complex community interactions, and an extracellular matrix of polymeric substan-
ces, which greatly increase in the resistance to antibiotic therapy. It has been proposed that
endometrial biofilms are responsible for the cases of chronic endometritis that appears to be
nonresponse to conventional treatment [68].

3.2.2. Fungal endometritis

Candida spp. and Aspergillus spp. are the most common fungal organisms isolated from the
uterus of mares with endometritis. The incidence of fungal infection in mares with endome-
tritis is estimated to vary from 0.1% to 5%. Fungal organisms isolated from the equine uterus
include Aspergillus spp., several Candida spp., Cryptococcus neoformans, Fusarium spp., Hanse-
nula anomala, Hansenula polymorpha, several Rhodotorula spp., Scedosporidium apiospermum,
Saccharomyces cerevisiae, Trichosporon beigelii, Torulopsis candida, Acremonium spp., Actinomyces
spp., Fusarium spp., Aspergillus fumigatus, Aspergillus glaucus, Aspergillus niger, Monosporium
apiospermum, Monosporium spp., Aureobasidium pullulans, Mucor spp., Candida albicans, Nocar-
dia spp., Candida ciferii, Paecilomyces spp., Candida famata, Penicillium spp., Candida guillermondii,
Pseudallescheria boydii, Candida krusei, Rhodotorula glutinis, Candida lusitaniae, Rhodotorula
minuta, Candida parapsilosis, Rhodotorula rubra, Candida pseudotropicalis, Rhodotorula spp.,
Candida rugosa, Candida stellatoides, Candida tropicalis, Torulopsis glabrata, Candida zeylanoides,
Circinella spp., Trichosporon cutaneum, Coccidiodes immitis, Trichosporon spp., Cryptococcus
humicolus, and Yarrowia lipolytica [69].

Most mares presented with fungal endometritis have a history of previous bacterial endome-
tritis. These mares usually undergo intense therapy that includes frequent uterine lavages and
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intrauterine infusion of antibiotics. The frequent uterine manipulation, associated with
anatomical problems leading to pneumovagina, results in chronic contamination of the uterus.
In addition, antibiotics drained from the uterus alter the normal bacterial flora in the vagina,
predisposing to an excessive growth of opportunistic fungal organisms, making the vagina
and external genitalia the primary reservoir for pathogens. Affected mares tend to be old and
pluriparous with poor perineal conformation or maiden mares with cervical incompetence.
Mares may have been treated repeatedly with intrauterine antibiotics, have normal or
abnormal estrous cycles, may be presented with a history of anovulatory follicles, or have
endocrine dysfunction such as equine pituitary disorders or insulin resistance. Prolonged
progesterone therapy may predispose mares to fungal endometritis because cervical drainage
is decreased and uterine muscular activity and neutrophil function are altered [4]. Other factors
contributing to fungal infections include the presence of a moist environment, exposure to a
large number of fungi and the presence of necrotic focus as occurring with trauma, abortion,
and retained placenta [4, 70].

Diagnosis is based on the presence of fungal elements and inflammatory cells in endometri-
al smears. Yeast appears as small, round, single cell, brown to black spores on cytological
smears obtained from infected mares, whereas molds have long filamentous hyphae [4, 71].
It has suggested that the hyphae are more invasive than yeast and, consequently, more
difficult to treat and eliminate. Candida albicans can be present in both yeast and hyphal forms
and therefore can penetrate deeper into the endometrium and/or growth intracellularly.
However, in endometrial cytology and histology used to diagnose fungal endometritis, fungal
elements only are visualized in the lumen of the uterus and not penetrate deeper in the
endometrium [71].

Another important observation about the difficulty in treating fungal infections is the ability
of certain species to produce biofilms, both Candida spp. and Aspergillus spp. Biofilms also give
microorganisms the ability to adhere strongly to virtually and surface; therefore, proper
sterilization of uterine catheters and other equipment is paramount to prevent dissemination
of pathogens [69, 72].

Prolonged antibiotic therapy may be a predisposing factor for yeast overgrowth [69]. The use
of antibiotic-containing semen extenders for Al may be partially responsible for the apparent
increase in the number of mares with fungal endometritis. Transmission of fungal organisms
from stallions has not been demonstrated, although fungi have been cultured from the urethra
(Mucor spp.), fresh semen (Absidia spp.), and extended semen (Candida spp.) of stallions [33, 69].

Cladophialophora bantiana conducted to endometritis with infertility and uterine fluid accumu-
lation with numerous black, hairy granules. Microscopically, the fluid presents in numerous
partitions, dark fungal hyphae, and conidia in chains [73].

In terms of impairment of fertility, the significance of these organisms in the mare and the
stallion is not yet well established [1]. Mycoplasma spp. has been isolated most frequently from
the external genitalia and semen of clinically normal and infertile stallions, but their exact role
in uterine infection is not well established [18]. In vitro, Mycoplasma equigenitalium produces a
consistent cytopathic effect on the ciliated epithelium of the oviduct. M. equigenitalium, M.
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subdolum, and Acholeplasma spp. are associated with infertility, endometritis, vulvitis, and
abortion in mares. M. equigenitalium and M. subdolum were isolated from the genital tract of
mares (5-34%) and aborted equine fetuses (7%). Also, in some situations, these organisms have
been associated with endometritis, infertility, and balanopostitis in stallions [1], whereas, in
other situations, they have been found in the absence of any evidence of reproductive dys-
function [18].

Chlamydia spp. has been demonstrated in the genital tract of both the stallion and the mare.
While their presence is not always associated with evident clinical disease, certain species such
as Chlamidia abortus and Chlamidia psittaci have detected in cases of abortion, salpingitis, and
reduced semen quality in the stallion [74].

3.3. Pyometra

Pyometra may be produced by accumulation of a pus accumulation in the uterus in addition
to the persistence of the CL beyond its normal lifespan [75].

Pyometra can be caused by different causes. Including interference cleaning liquid is described
from the uterus, obstruction of flow caused by the cervix closed by hormonal influence or
cervical pathology such as fibrosis and adhesions, or secondary to trauma, such as experienced
during dystocia. Progesterone from a persistent CL can close the cervix. Similarly, exogenous
progesterone administered continuously cleaning the uterine avoided. Endometrial cups have
been observed as a cause of pyometra where no fetuses or fetal membranes were found within
the uterine lumen [76].

Intrauterine accumulation of purulent material was observed in mares with open cervix [77].
These mares may have an innate resistance to a reduced endometrial infection, which can
progress to a pyometra [4]. The most common organism associated with pyometra in the mare
is S. zooepidemicus, E. coli, Actinomyces spp., Pasteurella spp., Pseudomonas spp., Propionibacteri-
um spp., and Candida rugosa [78, 79].

Mares with pyometra have vulvar discharge when the cervix is relaxed or open. The pus is
often creamy, it may be variable, with higher volumes associated with, watery, thin gray
appearance. Smaller volumes are associated with pus cheesy exudate thickened. Rarely are
clinical signs of systemic disease [79].

3.4. Venereal infectious endometritis

The bacterial diseases with potential capacity of be transmissible through fresh-cooled or
cryopreservated semen are S. zooepidemicus, P. aeruginosa, K. pneumoniae, T. equigenitalis, and
T. asinigenitalis. Among viral diseases that can be transmitted venereal are equine arteritis
(EAV) and equine herpesvirus 3 or equine coital exanthema virus, and one is a protozoan
infection (T. equiperdum) [18, 80].

Exist other diseases that may be transmitted very infrequently by this route or that potentially
could be disseminated through contamination of semen. These diseases are as follows:
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* Internal genital infections of the testes, epididymis, and accessory sex glands, the major of
which are bacterial in nature, such as S. zooepidemicus, Salmonella abortus equi;

* Acute to chronic systemic diseases characterized by circulation of the respective causal
agents in the bloodstream, as equine infectious anemia (EIA), equine piroplasmosis;

* Infections of the urinary system with the potential for contamination of the urogenital tract,
such as leptospirosis, equine rhinitis A virus infection;

* A miscellany of infective agents, including viruses, bacteria, mycoplasmas, chlamydiae,
fungi, and yeast that may shed in semen [18].

Infections caused by P. aeruginosa and K. pneumoniae are often considered venereal diseases
because the organisms are often introduced during coitus, Al with infected semen, or genital
manipulations. K. pneumoniae identify as capsule types 1, 2, and 5 are highly pathogenic [1].
K. pneumoniae capsule types 7 and 39 have been incriminated in causing endometritis in the
mare by Al, presumably with infective fresh-cooled semen [81].

Although K. pneumoniae, P. aeruginosa, and S. zooepidemicus are commensal organisms of penis
and prepuce in the stallion, in cases of disturbance as a result of indiscriminate washing of the
penis or too frequent washing with a surgical scrub or detergent soap. Under such circum-
stances, there is the potential for colonization of the penis and prepuce with the mentioned
bacteria. These organisms, which rarely produce clinical disease in the stallion, can give rise
to endometritis with reduced fertility in susceptible mares, especially in mares with a pre-
existing defectin uterine clearance [15]. Transmission of these bacteria occurs venereally, either
natural breeding or Al with infective semen [18, 82].

3.4.1. Contagious equine metritis (CEM)

CEM is a transmissible, exotic, venereal disease caused by T. equigenitalis. This bacterium is
closely adapted to the specific environmental conditions of the equine genital tract, whereby
it is the only venereal transmissible bacterial agent in horses [18].

Thoroughbred horses appear to be more severely affected by the disease than other breeds.
Because animals may be asymptomatic, the disease is difficult to detect and control. Due to its
high contagiousness, CEM is a serious disease and can have detrimental consequences on
equine reproductive efficiency. When CEM becomes established in the United States, the horse
industry suffered great economic losses [1].

Initial exposure to the disease usually results in infertility. An infected mare may fail to
conceive or abort. The disease frequently is associated with an endometritis [18, 83]. Abortion
due to T. equigenitalis infection is very rare [84].

The exposure of the mare to T. equigenitalis can result in clinical or asymptomatic infection.
After an incubation period of 2-12 days, affected mares developed odorless, grayish-white
mucopurulent vulvar discharge of variable consistency and volume, which can last for up to
2 weeks or slightly longer [85]. The discharge is associated with endometritis, cervicitis,
vaginitis, vulvar discharge, and return to estrus after a shortened diestrous period [86].
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The infertility is temporary (only a few weeks), with adverse effect on a mare’s fertility.
Persistence of T. equigenitalis in the reproductive tract of a chronically infected mare not
interfere with the maintenance of the birth of a healthy foal [18, 21]. The mare, though
asymptomatic, is still infectious and can remain a carrier for several months [18, 21, 22].

In contrast to the mare, exposure of the stallion to T. equigenitalis does not result in infection,
much less the development of any clinical signs in the vast majority of cases [87]. The stallion
becomes an unapparent carrier of the bacterium, which persists as a commensal on its external
genitalia without causing any adverse local or systemic effects. On very rare occasions,
exposure may result in an ascending infection of the reproductive tract in the stallion [88]. In
addition, T. asinigenitalis is transmitted through venereal for breeding or Al and causes
endometritis, cervicitis, and vaginitis in experimentally infected mare [89].

3.4.2. Equine viral arteritis (EVA)

Equine viral arteritis (EVA) is a contagious viral infection affecting both mares and stallions.
Prevalence of EVA ranges from 1-3% in Quarter Horses to 7% in Arabians and Thoroughbreds
and to 80% in Standardbreds. Mares clinically affected with EVA may show fever, limb edema,
anorexia, depression, inflammation around the eyes, nasal discharge, skin rash, and abortion.
The significance of EVA infection in stallions is that certain strains can develop carrier status
in 30-60% of infected stallions. Carrier stallions can transmit the virus by natural breeding or
Al with fresh, cooled, or frozen semen. Mares bred with EVA-infected semen may lead to
outbreaks of abortion and deaths in foals [90]. Due to these reasons, EVA is responsible for
major restrictions in the international movement of horses and semen. Serologic or blood
testing is used for screening both mares and stallions. Detectable antibody titers develop 2—4
weeks following exposure and are maximal at 2-4 months and remain stable for several years.
If a stallion is serologically positive, the presence or absence of virus in his semen should be
determined to confirm if he is a chronic carrier or shedder of the virus. The carrier state has
only been documented in adult stallions. It should be emphasized that not all seropositive
stallions are shedders and carriers of the virus [91].

3.5. Internal genital infections

In the stallion infection of the testes, epididymis and accessory glands may be a localized or
part of a systemic disease. Though rare in occurrence, orchitis caused by a range of bacteria
including S. abortusequi, S. zooepidemicus, Burkholderia mallei, Brucella abortus, Actinobacillus
equuli, P. aeruginosa, K. pneumoniae, Staphylococcus spp., Proteus vulgaris, and E. coli can have
detrimental effect for the stallion’s fertility and have opportunity for venereal transmission by
coitus or Al with contaminated semen to the mare [18].

3.6. Systemic diseases

Due to their potential to be transmitted by the venereal route acute and chronic systemic
infectious diseases, they have come under consideration. These diseases included Eastern
equine encephalomyelitis and Western equine encephalomyelitis, West Nile encephalitis,
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vesicular stomatitis, African horse sickness, EIA, and equine piroplasmosis. They can also pose
arisk of venereal transmission if at the time of breeding or semen collection there is trauma of
the stallion’s genitalia, bleeding, and contamination of the ejaculate with blood containing the
respective etiological agent [18].

To date, there is no evidence of occurrence of venereal transmission of any of the aforemen-
tioned diseases, with the exception of piroplasmosis, in which mare showed Babesia because
of venereal transmission when blood from an infected stallion contaminated semen [92].

3.7. Chronic infectious endometritis

Usually, an underlying condition, such as pneumovagina, predisposes the horse to chronic
infectious endometritis. The definitive diagnosis is by biopsy should show endometrial
infiltration with lymphocytes and plasma cells. Chronic infectious endometritis is more
common in older mares and primiparous mares with poor perineal conformation. The
predisposing factors for chronic infections in mares include self-repeated contaminations,
cervix fibrosis, cervical tears or adhesions, and/or “mare older maiden” syndrome and mares
in which holes uterus well below the edge of the pelvis. The organisms most frequently isolated
in cases of chronic infectious endometritis include the same of acute (S. zooepidemicus, E. coli,
K. pneumoniae, P. aeruginosa, and Candida or Aspergillus). Long-term chronic, refractory
infections typically involve yeast and/or gram-negative bacteria [93]. S. zooepidemicus is one of
the most frequently pathogens isolated from uterus of mares suffering infectious endometritis.
As described previously, it has the capacity to cause chronic infection latent deeply reside
within the endometrial tissue [28]. Chronic inflammation may lead to fibrosis and perigland-
ular mucus production by inadequate uterine epithelial or endometrial glands. If the elasticity,
viscosity, or changes in the amount of mucus or if the cilia are damaged or denuded endome-
trial epithelial cell, uterine drainage will be diminished, which contributes to the accumulation
of fluid and infertility [93].

A close examination of the reproductive system by rectal ultrasound can provide evidence of
chronic inflammation or infection. The accumulation of fluid within the uterine lumen,
endometrial edema, the presence of hyperechoic spots within the uterine lumen, and an even
greater thickness of the uterine wall can all be signs of chronic infection. Culturing of endo-
metrial biopsies or uterine fluids is more sensitive for the identification of E. coli when
compared with culture-swab methods. Endometrial cytology identifies twice mares with acute
inflammation in the culture when compared with cervical swab. A vaginal speculum exami-
nation shows evidence of inflammation and also allows to evaluate the competition lobby-
vaginal sphincter. The culture of material obtained from the uterus, not always allows the
diagnosis for the presence or absence of bacteria in cases of clinical endometritis [94, 95].
Obtaining a sample of endometrial cytology and further culture was used to increase the
diagnostic accuracy, providing clear evidence of inflammation in conjunction with a positive
culture. Mares with chronic infections often have long-standing inflammatory changes. In
these cases, the prognosis is guarded because of the chronic nature of the infection and
predisposing anatomical defects. Surgical correction of conformational abnormalities may try
to use the Caslick procedure [93].
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3.8. Chronic degenerative endometritis

Chronic degenerative endometritis or endometriosis is degenerative change that occurs in
older mares or following repeated inflammation of the uterus. Degenerative fibrosis can be
the result of normal aging processes or may be the end-product of a life of continuous
reinfection: anyway, healing uterine mucosa causes infertility in older mares [34]. Problems
related to weaken reproductive structures can cause urinary retention, a condition in which
the mares do not empty completely urine, especially during estrus. Thus, the retained liquid
can cause inflammation and prevent conception. The use of antibiotics is not always good. One
of the disadvantages of using antibiotics is the fact that kills good and bad bacteria, leaving
the animal with no natural protection against future bacterial or fungal invasions. The
definitive diagnosis can only be achieved by biopsy, which shows degenerative histological
changes in the uterus [93].

3.9. Persistent post-mating endometritis

Inflammation of the endometrium is caused by a response to exogenous materials introduced
directly into the uterus at breeding, as components of the semen, extender in the case of Al,
bacteria, and other debris [24, 96]. Two hormones, PGF2a and oxytocin, regulate myometrial
contractions after the influx of neutrophils into the uterine lumen and their phagocytic activity
after opsonization of the target [67]. This uterine defense mechanism reaches a pick at around
6-12 hours post-mating or Al [97]. In normal mares, most of the inflammatory products are
cleared by physical uterine mechanisms within 48 hours after breeding, and the infection is
cleared before the embryo leaves the fallopian tube and enters to the uterus on about days 5-
6 post-ovulation [98], the uterine inflammation has to be under control by 96 hours post-
ovulation to maximize survival of the embryo [67]. A susceptible mare with persistent post-
mating endometritis is unable to clear such fluid by 96 hours, and the resulting prolonged
inflammation generates an embryo-toxic environment. In addition, premature lysis of the CL
is caused by PGF2a and subsequent progesterone deficiency, all contribute to embryo
mortality and infertility [99]. This is more common in older and multiparous mares. They
present with a history of short cycling and often and vaginal discharge approximately 2 weeks
post-breeding [100].

4. Oophoritis and salpingitis

After abdominal surgery or peritonitis, infectious inflammation of the ovaries (oophoritis) with
abscessation and peritoneal adhesions may occur. Oophoritis could be a consequence of
repeated transvaginal ultrasound-guided follicular aspiration [101, 102]. Affected mares
present abdominal pain, anorexia, fever of unknown origin, and weight loss. Transrectal
ultrasonography can help in the diagnosis of these infections. For the extend evaluation of the
lesions and confirmation of the diagnosis, laparoscopy may be achieved. Ovariectomy is
usually required for treatment of this condition [103]. Although itis rare in the mare, salpingitis
may result from ascending infection of Chlamydia spp. as Chlamidiaabortus and Chlamidia
psittaci after partum [74]. Salpingitis has been described in mares with CEM. Bilateral salpin-
gitis in mares results in sterility [103].
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5. Postpartum metritis

Postpartum uterine infections are of particular importance because of their severity and effect
on the general health of the mare. The incidence of postpartum metritis—i.e., infection of the
uterus within 7-10 days postpartum, sometimes involving the endometrium, myometrium,
and perimetrium —in foaling mares is low but increases when birthing trauma and/or retained
placenta occurs [2, 3]. Septic postpartum metritis is often a result of nonhygienic manipulation
during foaling, obstetric manipulations, and retained placenta. Mares with postpartum may
present severe systemic complications as endotoxemia and laminitis. The etiology of septic/
toxic metritis is associated with uterine atony or inertia. Trauma to the uterus, autolysis of
placental remnants, and excessive lochia accumulation likely contribute to rapid growth of
gram negative as E. coli and K. pneumoniae bacteria and production of toxins, which may be
absorbed into the bloodstream, particularly when expulsion of contents is delayed or when
the normally intact uterine mucosal barrier is damaged. Disruption of the endometrial mucosal
barrier occurs during dystocia or gradually progresses after retention of fetal membranes
leading to bacterial overgrowth and absorption of produced toxins. This process normally
develops septic/toxic metritis and/or laminitis. Treatment consists of daily uterine flushers,
systemic antimicrobial therapy, and therapy for endotoxemia. Laminitis and dehydration
should be immediately initiated in affected mares [3, 104].
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Abstract

Most major infertility problems are complex and several factors can cause failure to pro-
duce offspring. In the last few years, much of the efforts of practitioners and researchers
working in equine breeding industry have been directed to individuate the pathophysio-
logical mechanisms underlying poor reproductive performances in mares. Endometritis
is on the talk in much of the recent research as the most frequent cause of subfertility in
mares that cycle normally but do not conceive and in mares that cycle normally and con-
ceive but then suffer early embryonic death. Post-breeding persistent endometritis, bacte-
rial and other infective endometritis and poor uterine clearance have all been discussed
in an attempt to define risk factors and a diagnostic algorithm. The aim of this chapter is
to perform a thorough review of recent literature about endometritis. The diagnostic al-
gorithms are carefully examined, highlighting pros as well as pitfalls of each diagnostic
aid. Suggested therapeutic protocols are examined in the effort to detect what is actually
recommended and what would better benefit from further corroboration. The idea that a
better etiopathogenetical understanding of the endometritis remains the key to access to a
correct diagnostic protocol and to a successful therapeutic plan will inspire this chapter.

Keywords: Endometritis, Mare, Diagnosis, Ultrasound, Therapy

1. Introduction

Every year many mares fail to become pregnant. These failures represent a substantial
economic and genetic loss to the horse industry. Most major infertility problems are complex
and several factors, singly or in combination, can cause failure to produce offspring. In the last
few years, much of the efforts of practitioners and researchers working in equine breeding
industry have been directed to individuate the pathophysiological mechanisms underlying
poor reproductive performances in mares. To clarify, infertility includes three “problems”
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mares’ types: mares that fail to cycle, mares that cycle normally but do not conceive and mares
that cycle normally and conceive but then suffer early embryonic death. Endometritis is on the
talk in much of the recent research as the most frequent cause of the last two conditions.

Post-breeding persistent endometritis, bacterial and other infective endometritis and poor
uterine clearance have all been discussed in an attempt to define risk factors and a diagnostic
algorithm, essential to reach a definitive diagnosis and to apply the appropriate therapeutic
protocol. Breeding-induced endometritis is a normal physiological reaction in the horse, as it
is believed that an inflammatory response is necessary for the effective removal of contami-
nating bacteria and excess spermatozoa introduced into the uterus. In a healthy uterus, the
inflammation subsides within 48 hours, but the susceptible mares are not capable of resolving
the inflammation triggered by sperm and develop persistent mating-induced endometritis
(PMIE). A very strong relationship establishes between PMIE and infectious endometritis and
a complex of mare (such as age, perineal conformation, uterine clearance and cervical compe-
tence) and microbial (such as induction of inflammation, epithelial adherence, resistance to
phagocytosis and viscosity of secretion) factors contribute to the pathogenesis of endometritis.
Traditionally, the mares that are prone to endometritis are called susceptible, in contrast to the
“resistant” ones, not prone to uterine infection.

The aim of this chapter is to perform a thorough review of recent literature about endometritis.
The cascades of inflammatory signals being complex and intertwined, the etiopathogenetical,
diagnostic and prognostic roles of the recently studied inflammatory markers are discussed.
In addition, the most common bacterial and fungal pathogens involved are reviewed, together
with the recent advances in diagnostic procedures. In fact, the diagnostic algorithms are
carefully examined, highlighting pros as well as pitfalls of each diagnostic aid. Suggested
therapeutic protocols are examined in the effort to detect what is actually recommended and
what would better benefit from further corroboration, with special attention to the correct use
of antimicrobials and antibiotics, their common way of administration and contraindications.
Consideration will be given to therapy alternatives such as proper breeding management, use
of uterine lavage, oxytocin/prostaglandin administration and treatment of the biofilm forma-
tion. The idea that a better etiopathogenetical understanding of the endometritis remains the
key to access to a correct diagnostic protocol and to a successful therapeutic plan will inspire
this chapter.

2. Pathophysiology of endometritis in the mare

Endometritis is a major cause of infertility in the mare. It is an acute or chronic inflammation
of the endometrium that can be classified based on both its etiology and pathophysiology.
Susceptibility to persistent bacterial endometritis was characterized as early as 1969 [1]. Since
then, the physiopathological mechanisms involved in persistent endometritis and its correla-
tion with bacterial endometritis and infertility in the mare have been discussed in several
studies [2-18]. Endometrium responds to the introduction of air, urine, semen, bacteria, fungi
or yeasts through an inflammatory reaction that ultimately hesitates in restoring an environ-
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ment suitable to receive the conceptus, as it migrates from the oviduct few days after the
insemination. To induce endometritis in experimental conditions, either spermatozoa or
bacteria such as Streptococcus zooepidemicus or Escherichia coli are commonly infused into the
uterus. A subpopulation of mares, designated as susceptible, fails to resolve the endometritis
and develops a persistent inflammatory condition, which affects fertility. Furthermore, if the
mare is unable to clear bacteria that may have entered the uterus during breeding, a bacterial
infection can develop [19, 20].

In conclusion, any difficulty in the physical clearance of inflammatory debris from the uterus
after mating or foaling triggers the endometritis. Although the mechanisms for uterine
clearance for different antigens are closely related, pathophysiology, clinical signs and therapy
partially differ. For these reasons, breeding-induced endometritis and bacterial endometritis
will be described separately.

2.1. Transient and persistent mating-induced endometritis

The transient breeding-induced endometritis is a physiological reaction in the immediate
hours after breeding. It is a local inflammatory response necessary to remove excess sperma-
tozoa and bacteria introduced into the uterus [8]. This response is limited to local inflammation,
because any hematological alteration in inflammatory parameters has not yet been detected
during breeding-induced endometritis [21]. Furthermore, in healthy mares, the endometritis
resolves within 2448 hours, leaving the uterus clean and free from inflammation.

2. 1. 1. Mechanical clearance and inflammatory response

Semen and its extender play an important role in the induction of defense mechanisms,
depending on seminal components and sperms numbers, concentration, viability and site of
semen deposition. In mares mated, or artificially inseminated with fresh or cooled semen,
seminal plasma activates the complement system that evokes massive migration of the
polymorphonuclear leucocytes (PMNs), cytokines and mononuclear cells invasion that
prepares the endometrium to recipe the embryo [11, 22]. During the cryopreservation process,
an important mechanism of modulation of the inflammatory response is lost due to the
removal of seminal plasma, so that a severe inflammation follows the insemination with
frozen/thawed semen [13]. Furthermore, seminal plasma contributes to the transport and
survival of viable spermatozoa and the elimination of non-viable spermatozoa from the uterus,
suppressing binding between neutrophils and viable spermatozoa [23].

The complement activation cascade led to the formation of leukotriene B4, prostaglandin (PG)
E and PGF2a and other arachidonic acid metabolites, which act as chemo-attractants for PMNs
in the uterus [2-5, 7]. The PMNSs, on their part, drive the inflammatory response to cleaning
the uterus: spermatozoa and bacteria destruction is performed by way of phagocytosis and
release of neutrophil extracellular traps, composed of extensions of DNA and histones with
antimicrobial action [15]. The intrauterine fluid is composed of neutrophils, inflammatory
mediators and plasma proteins, including immunoglobulin and enzymes [3-4, 6-7]. The
release of PGF2a stimulates myometrial contractions combined with ciliary propulsion of the
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mucus blanket, promoting the elimination of bacteria and dead inflammatory cells via the
cervix or the lymphatics [9, 12].

In “resistant” mares, uterine fluid is eliminated and inflammation resolves within 5 days post-
insemination and the fertilized oocyte descends in a uterus ready to implantation [24]. On the
contrary, susceptible mares are unable to resolve the physiological breeding-induced inflam-
mation and they surrender to persistent post-insemination endometritis. The accumulation of
intrauterine fluid persists over five days post-ovulation in susceptible mares [17]. Therefore,
the success of getting the mare pregnant is compromised by an unprepared endometrium and
by the development of concomitant bacterial infections.

It is likely that at the origin of both breeding-induced and bacterial endometritis, there are
common failures in the physical mechanisms of uterine clearance by uterine contractions.
Indeed, mechanical clearance plays a key role in the uterine response to the contamination,
and deficits in myometrial contractility could have a major responsibility in the pathogenesis
of delayed uterine clearance. The increase in myoelectric activity, indicating an increase in
uterine contractions, observed in healthy mares after the insemination, resulted delayed by 2
hours in susceptible mares. Additionally, susceptible mares showed a sharp decline in activity,
dropping below baseline levels after 12 hours [10]. Furthermore, it was observed that more
radiocolloid was retained in the uterus of susceptible mares 2 hours after infusion than in
resistant mares [25]. Impaired myometrial function could be related to the increased intrau-
terine accumulation of nitric oxide (NO), produced in excess by inducible NO synthase (iNOS)
during inflammation in susceptible mares, as confirmed by an increased endometrial expres-
sion of iNOS mRNA after insemination [26-28]. The NO is a smooth muscle relaxant and
myometrial tissue was unable to respond to electrical stimulus in the presence of NO, during
in vitro experiments [29].

Reaction to the insemination could involve humoral and cellular mechanism, with differences
between resistant and susceptible mares. Several studies produced contradictory findings, but
most authors agree that immunoglobulins are involved mainly in the endometrial response to
bacteria than to semen. However, there are no data to demonstrate that susceptibility is a direct
cause of altered immunoglobulins in the uterus [30-32]. Similarly, it was suggested that in
resistant and susceptible mares, different inflammatory cells were involved and that suscept-
ibility to persistent endometritis was primarily caused by a dysfunction in the adaptive
immune response. Until now, there are no data to prove these hypotheses, and just a decreased
opsonizing ability of the uterine secretions in sub-fertile mares compared with normal mares
was demonstrated [9].

The inflammatory response in endometritis is a complex process involving multiple signaling
pathways, initiated by the cytokines, produced by a variety of cell types, to allow the recog-
nition of antigens and the recruitment of inflammatory cells [33]. Specifically, the inflammatory
response is modulated by a delicate balance between the expressions of pro- and anti-
inflammatory interleukin (IL). Another important pro-inflammatory cytokine involved with
the inflammatory response is interferon-vy. It promotes the migration of inflammatory cells
through vessel walls and leads to the activation of microbicidal functions, and to an upregu-
lation of iNOS [34]. Few studies focused on these inflammatory pathways in the mare so far,
and they gave contradictory results in relation to the experimental protocol and the timing of
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evaluation [33, 35-37]. Specifically, timing is very important in the experimental design, since
the difference between resistant and susceptible mares consist mainly in the persistence of the
breeding-induced inflammatory response. Thus, results of the studies were sensibly different,
measuring the expression of several IL at 24 hours or at 6 hours after breeding. However, an
increased mRNA expression of IL8 and lower expression of IL10 were observed in susceptible
mares compared to resistant mares 24 hours after insemination [38]. On measuring cytokines
expression in mares at several time points within the first 24 hours after breeding, susceptible
mares had lower expression of the inflammatory modulating cytokines IL10, IL1-receptor
antagonist and IL6 when compared with resistant mares 6 hours after insemination. After 3-
6 hours from breeding, there were no differences between resistant and susceptible mares in
the degree of uterine inflammation, fluid retention, endometrial cytology and ultrasound
imaging. However, on the basis of the differences in mRNA expression of cytokines observed,
it was stated that a critical time in the development of persistent breeding-induced endome-
tritis occurs around 6 hours after breeding [33].

2. 1. 2. Predisposing factors to persistent breeding-induced endometritis

Persistent endometritis has multifactorial pathogenesis, and properties of the bacteria and
mare’s characteristics are key components in the development and resolution of the inflam-
mation [39]. Several predisposing factors are associated with the individual mare [17-18].
Young and fertile resistant mares and older and subfertile susceptible mares have been
examined to clarify the differences in the ability to resolve uterine inflammation. Indeed, the
aging and parity have been associated with altered systemic immune response [30-31]. Older
mares present several predisposing factors to develop persistent uterine infections after
breeding. Aging and parity influx on the ability of clearing debris, since mares develop over
time anatomical or degenerative defects that interfere with uterine drainage. Other risk factors
associated with persistent infections include the conformation or the acquired alteration of the
internal and external reproductive organs. For example, not only poor vulvar conformation,
incompetent vagino-vestibular sphincter, vaginal stretching or an incompetent cervix but also
genital pathology, such as pneumovagina or vagino/cervical injuries can facilitate the entrance
of pathogens, which normally lives over body surface [40]. Mares with cervical fibrosis
secondary to a traumatic birth, or with the elongated, narrow cervix typical in aged maiden
mares, accumulate uterine fluid easily because of the compromised cervical drainage [17]. Free
fluid accumulation is also facilitated by a pendulous uterus or impaired lymphatic drainage
and atrophy of endometrial folds [41-44].

Degenerative changes, such as an abnormal myometrium, periglandular fibrosis, vascular
degeneration, lymphangiectasia, scarring and atrophy of endometrial folds or damage to the
reproductive apparatus may also explain delayed uterine clearance of bacteria, fluid and debris
[17]. The altered mucociliary activity does not impede the bacterial adhesion on the endome-
trium and expulsion of the inflammatory cells. Vascular degenerations inhibit hormones
delivery to endometrium and disturb uterine drainage, reducing venous return in capillary
beds. Prolonged endometrial edema and consequent persistent inflammation characterize the
uterus of susceptible mares [43].

289
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2. 2. Bacterial endometritis

The sexually transmissible disease in horses are caused by primary pathogens Taylorella
equigenitalis, certain unspecified serotypes of Pseudomonas aeruginosa and Klebsiella pneumo-
nige capsule types 1, 2 and 5 [45]. The true venereal disease is caused by T. equigenitalis and is
known as contagious equine metritis resulting in cervicitis, vaginitis and endometritis.
Asymptomatic infected carrier stallions transmit the pathogens to the mares, which will
present copious muco-purulent vaginal discharge within a week after breeding. However, this
pathology is endemic in Europe and a more insidious form with minimal clinical signs has
been recognized [46—47]. P. aeruginosa and K. pneumoniae inhabit the external genital of the
stallion and infections are transmitted by coitus, insemination with infected semen and genital
manipulations [48—49].

Contamination of the uterus by fecal and genital opportunistic flora may provoke an infection
during mating or genital tract manipulations. A wide variety of opportunistic aerobic and
anaerobic bacteria, fungi and yeasts, either alone or in synergy, have been occasionally
implicated as causes of endometritis. In a report, Streptococcus equi subsp. zooepidemicus was
responsible for approximately 65% of the cases while Escherichia coli, K. pneumoniae and P.
aeruginosa accounted for approximately 10% [47]. The alteration of uterine defense mechanisms
is attributed to individual microbial factors such as induction of inflammation, epithelial
adherence, resistance to phagocytosis and viscosity of secretions [50]. Bacterial products can
modify any properties of mucus, rendering cilia unable to expel uterine exudates. Changes in
production, viscosity or elasticity of mucus and cilia function determinate the adverse effects
on uterine clearance and hence, these can interfere with antibiotic penetration, resulting in
treatment failure or antibiotic resistance [17].

2. 3. Chronic endometritis

Chronic infection and mixed population of microorganism cause severe, progressive and
irreversible fibrotic condition that affects mare endometrium [51-54]. Long-standing influx of
lymphocytes and plasmacells into the endometrium contribute to chronic degenerative
changes, such as periglandular, perivascular or diffuse stromal fibrosis. This condition impairs
endometrial function and future pregnancies, causing infertility [52-53].

3. Diagnosis of endometritis

The diagnosis of endometritis in the mare represents one of the crucial challenges for the equine
clinical practice [55]. Equine practitioners have recently understood that the major cause of the
progression from an acute to a chronic condition is the failure to identify the causative agent,
given that affected mares do not always show evident clinical signs [55]. Hence, it is critical to
make a correct etiological diagnosis, and to characterize the degree and the type of inflamma-
tion, in order to establish an effective treatment. Furthermore, it is not uncommon that mares
with a long history of normal fertility can acquire post-breeding endometritis. In such cases,
the clinician has no opportunity for prophylactic intervention [56].
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The diagnostic algorithm for the identification of the causative agent comprises a detailed
reproductive history and a complete clinical evaluation, including the transrectal palpation of
the reproductive tract and the use of ancillary diagnostic aids [17, 57-58]. Among the latters,
specific instrumental investigations, such as transrectal ultrasonography, vaginal and cervical
exams, with both manual and endoscopic evaluation, and laboratory tools, such as uterine
culture, endometrial cytology and biopsy, represent useful tools for the diagnosis of endome-
tritis [17, 58]. Recently, myeloperoxidase has been investigated as a uterine inflammatory
biomarker, but the relationship between its concentration and pathologic uterine conditions
needs further studies [59]. To increase the pregnancy rates in “problem” mares, the practitioner
should dispose a quick and reliable diagnostic technique to start the best treatment as soon as
possible in the breeding season [56].

3. 1. Experimental identification of susceptible mares

Mares with endometritis begin to show intrauterine fluid accumulation following breeding,
after the first three to four successful pregnancies. Uterine degenerative changes appear and
worsen with age, the reproductive tract may become more pendulous and uterotonic drugs
are no longer effective [57]. Furthermore, some reproductively normal, nulliparous as well as
pluriparous mares exhibit an excessive uterine inflammatory response after being bred with
frozen semen. The exuberant reaction may be a consequence of alow volume of seminal plasma
and the lack of its beneficial action in decreasing the migration of neutrophils into the uterine
lumen [57].

The delay in uterine clearance has an important role in the pathogenesis of uterine inflamma-
tion, since it influences the retention of endometrial inflammatory factors, whether they are
bacterial or sperm-induced [60]. In fact, it was shown that mares susceptible to chronic uterine
infections failed to clear adequately *'Cr-labeled microspheres when compared with mares
with normal uteri [37, 60]. The uterus, studied with scintigraphy in mares with a delayed
uterine clearance, showed to be oriented vertically, while in reproductively normal mares it
was oriented horizontally. Hence the “baggy” uterus contributes to fluid accumulation and
low clearance [37, 57]. However, although scintigraphy has been proven to be a useful method
for studying post-breeding endometritis, it seems not to be a functional diagnostic tool in a
clinical setting [61]. In addition to the uterine position, the myometrial function plays an
important role in uterine clearance, as confirmed by electromyographic recordings [60].
Nevertheless, not all mares susceptible to endometritis exhibit a delayed uterine clearance if
cervical dilatation is appropriate [25].

3. 2. Clinical identification of susceptible mares

3.2. 1. History

Mares susceptible to developing a persistent post-breeding endometritis are more often
pluriparous, barren, older than 12 years of age and with a poor perineal conformation [57,
62]. Nonetheless, some maiden mares, which show an insufficient degree of relaxation of their
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cervix during estrus, may also develop persistent mating-induced endometritis, regardless of
age. In such mares, the problem may be resolved with the first foal delivery [57].

3. 2. 2. Clinical examination

The mares’ reproductive tract examination should include a body condition scoring and the
notation of previous or existing foot problems [57]. Any changes in perineal, vulvar or cervical
conformation should be evaluated before breeding [56-57, 63]. The two vulvar labia may not
create a proper seal due to persistent relaxation of the vulva, and the rectum may be displaced
cranially, stretching the vulva dorsally to the ischiatic arch and causing repeated fecal
contamination of vulva and vestibule [56]. This kind of conformation is linked to the loss of
fatin the perineal area due to a high level of fitness, and muscular fatigue and estrus exacerbate
the perineal relaxation, but it can also be a heritable trait [63-64]. It is very important to check
that the cervix opens properly in estrus and closes in diestrus [56].

3. 3. Clinical signs

Clinical signs of endometritis may be hidden, but vaginal discharge, short inter-estrus intervals
and/or a shortened luteal phase and reduced fertility can be detected [17, 37, 65]. In bacterial
endometritis, they can vary widely according to the pathogen, with symptoms markedly
different between Gram-positive and Gram-negative bacteria [17]. A vaginal discharge may
be seen more often during estrus [57]. However, the presence of evident clinical signs 48 hours
post-breeding is of concern, since a non-inflammatory uterine environment is important for
embryonic survival [16].

3. 4. Imaging of the reproductive system: ultrasonography

Ultrasonography (US) has always been considered an accurate and essential step in the
diagnostic workup of endometritis [56, 59, 66]. The monitoring function of US is as important
as the diagnostic one, since mares with subclinical endometritis require careful daily checking
post-breeding [17]. Since its inception, the use of US has strongly impacted on the ability to
detect the presence and to quantify the volume of uterine fluid accumulation, which is
considered the main sign of endometritis, especially when observed after breeding; but this
“hallmark” sign is not always present [17, 60, 67]. Intrauterine fluid presence has also been
shown to be strongly related with low pregnancy rates, especially in mares older than 16 years,
and to the biopsy score, revealing its diagnostic value in identifying the uterine inflammation
[62, 67-68]. It may be detected as soon as 6 to 36 hours after breeding, but it can be noted at
the pregnancy examination 14 to 16 days after breeding [57, 67]. Nonetheless, the more
significant time to detect the uterine fluid collection is mid-to-late diestrus because the cervix
is closed, and in a healthy uterus, fluid should be little or absent [68]. Intrauterine fluid has
been also correlated to specific endometrial bacteria and cytological findings, with mares
positive to non-pathogenic bacteria showing intra-uterine fluid in <40% of the US examinations
[66-67]. The relevance of the uterine fluid accumulation can be evaluated by examining the
depth, the echo-texture and persistence of the fluid [16]. Two or more centimeters of intra-
uterine fluid during estrus, or between 6 and 36 hours post-breeding, are significant indices



Endometritis and Infertility in the Mare — The Challenge in Equine Breeding Industry—A Review 293
http://dx.doi.org/10.5772/62461

of susceptibility to mating-induced endometritis [62, 67]. A high echogenicity in the uterine
fluid is associated with the presence of neutrophils and debris, thus indicative of inflammatory
components [16]. Short, thick and hyperechoic lines within the uterus may represent air or
exudates [17]. In Figure 1, some characteristic appearances of the equine uterus are depicted.

Figure 1. Trans-rectal ultrasonographic evaluation of the equine uterus with a linear transducer (bandwidth 5-10
MHz). In A: normal appearance of the uterus during early diestrus, 48 hours post-ovulation. In B: mild intrauterine
fluid accumulation, with moderate edema of uterine folds during early estrus. In C: moderate intrauterine fluid accu-
mulation, with severe edema of uterine folds during estrus. In D: severe (over 2 cm in depth) intrauterine fluid accu-
mulation in diestrus, 13 days after ovulation, “hallmark” of equine endometritis.

Another important US sign of endometritis is abnormal edema [17]. Edema may occur
physiologically due to lymphangiectasia and under influence of estrogen, i. e., during the early
estrus. A modified version of the subjective system described by Samper has been developed
to score uterine edema: grade 0 coincides with the absence of edema; grade I, in which it is
difficult to identify uterine folds; grade II, characterized by some of the endometrial folds
detectable and a cervix with a fish-bone aspect; grade III, with endometrial folds, easily
identifiable and characterized by hyperechoic borders and hypoechoic centers (cartwheel); and
grade IV for mares with “hyperedema”, in which thickened and bulging endometrial folds are
abnormally thick, with hyperechoic border and marked central hypoechogenicity, and the
normal architecture of the cartwheel is lost [59]. Cervical incompetence, abnormal vascular
reaction to estrogens, a lymphatic pathology or an altered myoelectric activity are all possible
non-inflammatory causes of hyperedema [17, 59]. Thus, some edema patterns, such as
excessive edema pre- or post-mating, or edema pattern that does not extend throughout the
uterine wall, represent a pathological feature [17]. In particular, hyperedema has been
considered the marker of uterine pathology when found during the estrus phase, independ-
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ently from the positivity of a uterine cytology, but not during the early estrus [59]. Sometimes
uterine fluid and edema are associated, probably due to the severity of drainage deficiency
[59]. Furthermore, the appearance and dynamics of uterine cysts can be studied by US. Their
effect on pregnancy rate seems to be a quantitative one, with only severely affected mares
showing a reduction of fertility [68].

The use of more advanced US software, like Color-, Power-flow- and Pulse-Wave- Doppler
applications, allows the evaluation of uterine vascularization. In humans, abnormal uterine
blood flow and higher uterine artery impedance have been observed in women with recurrent
pregnancy loss and different causes of infertility. Poor blood flow of the gravid uterus has
been correlated with advanced age and diffuse endometrial degenerative changes during
early pregnancy in mares. Furthermore, disturbed uterine blood flow has been recently
associated to other uterine pathologies such as uterine cysts and endometrial elastosis in
subfertile mares [69].

3. 5. Endoscopic evaluation of the reproductive system

After repeated mating in a season, mares may accumulate intrauterine fluid and display classic
signs of inflammation on vaginoscopy. Endoscopic examination is the only way to establish
the degree and the clinical significance of superficial intrauterine lesions and it is useful in
several pathological conditions. It can be used in the mare suspected of having subclinical
endometritis due to focal lesions, intra-uterine adhesions and endometrial cups retention. It
has proven to be useful in mares with a history of silent heats, which may display endometrial
scarring or loss of endometrial folds [17]. The best time to perform endoscopy is during diestrus
or early estrus, since it is easier to perform than in other phases. Before the examination, the
uterine lumen is dilated with air or saline, but the best visibility is obtained with air. It is
important to remember to discard air out of the uterus after the procedure, with a catheter or
a pump, because of possible irritation [17].

3. 6. Sampling techniques for bacteriological, cytological and histological evaluation:
uterine swab, cytobrush, low volume flush and endometrial biopsy

The diagnostic methods used to characterize endometritis are the uterine swab, the cytobrush,
low volume flush and the endometrial biopsy [37, 70]. As always, the clinician must interpret
the data resulting from such techniques together with the clinical signs and bearing in mind
how the results of each technique vary, depending on the pathogen [17, 58, 61, 65, 70-73]. All
the procedures described thereafter assume that the mares are restrained in an examination
stock, the tail is wrapped in an examination glove and suspended to the stock, and the whole
perineal area is cleaned and disinfected to avoid contamination from the environment [16, 58,
71]. Each method has its pro and cons and many comparisons of the different techniques have
been indeed performed [58, 65, 70-73]. Histologic evaluation of endometrial biopsies is the
“gold standard”, to which each technique has been compared to calculate the sensitivity and
specificity [17, 65, 71]. Nevertheless, it should be remembered that all techniques can yield
false-negative results if not conducted by expert clinician [37].
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3. 6. 1. Uterine swab

The uterine swab collection methods for bacteriologic and cytological analysis are the mainstay
for the diagnosis of acute endometritis in the mare [74]. Through this technique, bacteria as
well as inflammatory cells can be collected and examined by culturing it, or smearing the swab
for cytology [70, 74]. Uterine swabs are the most commonly used procedure because of low
costs, ease of collection and safety of use; hence, routine pre-breeding uterine swabs should
be always obtained from mares “at risk” [56, 65].

The double-guarded swab technique implicates the use of a double sheath, which allows
minimizing vaginal contamination [16, 70-71]. The tip of the double-guarded swab is kept
covered and free from lubricant as it is introduced into the reproductive tract. Then, it is
advanced through the cervix into the uterus and the inner sheath is pushed through the outer
sheath. The examiner starts moving the swab to sample the endometrial surface using a
pushing and rolling motion for up to 1 min, redirecting the swab into different areas of the
uterus. At the end of the sampling, the swab is pulled within the inner sheath, which is drawn
back into the outer sheath, and the entire unit is then removed from the reproductive tract
[16, 70-71].

Another kind of guarded uterine instrument is the Knudsen catheter that can be autoclaved
and used repeatedly. It consists of a metal tube of 87 cm in length and an inner spiral metal
rod, and it has a small hole at the tip, to allow advancing a cotton swab. The tube includes a
thickened area, the olive, which marks the point of the catheter that should be placed at the
outer cervical orifice [74].

For the classic uterine swab, cytological smears are prepared by gently rolling the side of the
swab, and by pushing the end on a sterile slide. The swab is sent to laboratory for microbio-
logical tests, including the tip in a transport container [16, 70-71]. On the other hand, the
Knudsen catheter use provides the cotton swab for bacteriology, whereas the cytological
sample is obtained by gently removing the material on the spiral rod [74]. Even if this techni-
que, when properly adopted, is ideal for bacteriology, it leads to contrasting results for the
cytological sampling. The use of this technique decreased strongly the number of mares
improperly treated, but it may lead to cells deformation depending on the pressure applied
during the smearing procedure [70, 74]. Nevertheless, too little pressure during the rolling
procedure may lead to clumping of cells [74]. Moistening and gentle rolling have been proven
to relief distortion and fragmentation of the collected cells [70]. Furthermore, this method can
yield false negative results. In fact, about half of the cases of infectious endometritis resulted
negative, since the microorganisms were located in the most pendulous part of uterus that is
not easily reached. Conversely, false positive results can be associated with a contaminated
sampling [55]. Furthermore, it collects a small superficial endometrial area, resulting in a small
amount of total cells [70].

Otherwise, the degree of cellularity obtainable with the Knudsen catheter is influenced by the
level of uterine secretion. Indeed, the contact of the smooth surface of the metallic spiral with
a dry endometrial surface provides poor cellularity, whereas in case of abundant secretions,
samples obtained show an excellent cellularity due to the larger surface area, without cells
distortion and with infrequent red blood cells [74].
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3. 6. 2. Cytobrush

Uterine brushes have been used for uterine cytology in humans, as well as in the equine species
[60]. As described for the uterine swabs, a guarded technique is used, and the properly
lubricated guarding tube is passed through the vagina to the base of a uterine horn or into the
uterine body. Once in the area selected for the sampling, the outer tube is retracted far enough
to expose the brush, and the cytobrush is rotated in a clockwise direction while in contact with
the uterine wall [70]. The instrument is then retracted into the tube prior to removal from the
uterus and then rolled on slides.

Cytobrush has been considered superior to the other methods for cytological sampling, since
it is easier, more consistent and produces samples with higher cellularity than other techni-
ques, but a gentle preparation of smear is mandatory to reduce the cells distortion [70, 74].
Cells fragmentation has been frequently observed in cytobrush smears probably due to the
rigid fibers that damage the cells, as well as the common occurrence of red blood cells, which
is an index of its invasiveness [70]. Proteinaceous material may contaminate the smears
obtained with this technique, as well [70]. Nonetheless, it allows collecting cells both from the
surface and from the depth of endometrium, up to glandular cells [70]. Such technique could
preferentially be used to detect subclinical endometritis in field practice, for its inexpensive-
ness and safeness, particularly in comparison to endometrial biopsy [58, 65].

3. 6. 3. Low volume flush

The low volume flush is a method for uterine fluid collection [55]. It is almost as efficient as
endometrial biopsy for microorganisms’ isolation and can be performed during estrus or
diestrus [55]. The procedure involves the use of a low volume (60 to 150 ml) of phosphate-
buffered saline (PBS) or lactated Ringer’s solution or physiological saline injected into the
uterus. The practitioner, properly gloved, advances a sterile insemination pipette, or a Bivona
catheter, per vaginam into the uterus, through which the solution is injected. Thus, the uterus
is transrectally massaged to distribute the fluid evenly throughout the uterine lumen. Mean-
while, the pipette is moved back and forth and suction is applied to trap cells in the pipette.
Finally, the effluent fluid is recovered in a sterile container. If the mare is in estrus, intravenous
administration of 10 IU of oxytocin is suggested, to facilitate the release of fluid trapped in the
edematous endometrial folds [16, 55, 70, 72].

The fluid is first evaluated macroscopically, holding the sample up to the light, for cloudiness
and amount of mucus. The efflux is graded as clear, cloudy or clear with mucus strains. Both
mucus and cloudiness are strongly correlated to the presence of Streptococcus p haemolyticus
and E. coli [55, 72]. The recovered fluid is then centrifuged at 400 rpm for 10 min, the super-
natant is discarded and the pellet is aliquoted in two parts, one for microbiological culture and
the other one is resuspended in 1 ml of PBS and drops of the suspension are spilled onto slides
for cytological evaluation [16, 55, 70, 72].

The low volume flush is a suitable method to collect cells over a larger surface area and provide
more information about cells, mucus and/or exudates than other techniques [70]. It has been
showed to be twice as sensitive as swab culture [71-72]. Indeed, it allows quick identification
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of Gram-negative bacteria, e. g. , E. coli [55, 72]. Even if low volume flush requires a larger
equipment to be performed than other procedures, it is considered rapid and accurate, and it
may prove to be valuable for subclinical endometritis in the chronically infected mare.
Nevertheless, this method may cause irritation of the endometrial mucosa and it may be more
likely source of contamination from vaginal flora [60, 72]. Such contamination may yield false
positive culture results; hence, other indices of endometritis should be added to improve the
diagnostic power, such as a rise in pH or presence of debris [70, 72]. Moreover, the samples
may show a high number of blood red cells, probably due to the transrectal manipulation of
uterus and the scraping effect of the tip of the catheter [70].

Recently, a double-guarded low volume flush technique has been developed, with improved
sensibility and specificity in identifying endometritis in the mare [18]. Overall, this new
method represents a valid alternative to the classic low volume flush and seems to decrease
the risk of contamination during sampling procedure. Furthermore, the availability of a
disposable lavage tube and of a closed fluid-tubing system is favorable to be used on field and
allows the execution by only one person [18]. On the other hand, the technique showed a poorer
ability to find PMNs compared to biopsy [18].

3. 6. 4. Endometrial biopsy

The endometrial biopsy is a very helpful tool for diagnosing the cause of subclinical endome-
tritis, always relating the microscopic lesions to mares’ age and reproductive history [17]. Its
results about the changes within the endometrium are considered the most reliable. Indeed, it
is used to look for degenerative and inflammatory changes, which are classified using both
the histologic grading system proposed by Kenney & Doig and modified by Schoon and coll.
and the classification of Ricketts [17, 65]. Endometrial biopsies are collected using a sterilized
dedicated biopsy instrument, which is passed through the cervix within the uterine lumen.
One arm is then inserted into the rectum to guide the biopsy forceps to the desired location,
usually at the base of one uterine horn [58, 71]. Once the forceps is closed, it is withdrawn and
the sample is macroscopically evaluated for consistency and size, and immediately put in the
selected media, depending on its further use.

Bacteriological culture and cytology from endometrial biopsy were demonstrated to be
superior to culture swabs, both for sensitivity and for positive predictive value [71]. Endome-
trial biopsy is safe, but it is not particularly practical [58]. A practical disadvantage is the time
between sampling and histologic results, while bacteriological and cytological results are
achievable in a short time [58]. Moreover, it is objectively more invasive than other techniques
and needs specific equipment, requires further processing, such as shipping to skilled
laboratories, time for examination and transmission of results. Hence, it takes longer to have
final diagnosis [65, 71].

3. 7. Endometrial cytology

Endometrial cytology is an inestimable tool in assessing the endometrial inflammation, mainly
through the detection of PMNs. Unfortunately, an agreement on the classification and
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interpretation of cytological results has not yet been reached and different interpretative cut-
offs were proposed [16, 70, 74-75]. Indeed, some authors record the number of PMNs as a
percentage of all cells seen on a slide and the cut-off value for positive to endometritis ranges
from 0. 5 to 5%, according to the guidelines of Brook [16, 71]. The latter classification system
categorizes cytological samples as: non-inflammatory (PMNs <5%), mild inflammation (PMNs
5-15%), moderate inflammation (PMNs 15-30%) and severe inflammation (PMN5s > 30%)[16,
70, 75]. Other authors record the amount of PMNs seen per microscopic high power field (HPF)
examined. In details, cytological smears are graded as not inflammatory (0-2 neutrophils/
field), moderate inflammation (2-5 neutrophils/field), severe inflammation (>5 neutrophils/
field) or hypocellular (scant epithelial cells and no neutrophils) [70, 75]. The presence of uterine
fluid during estrus has been found to be associated with an increased number of PMNs, and
mares with intrauterine fluid on the second-third day of estrus were 1. 4 times more likely to
have more than 5 PMNs per HPF than those with no or mild inflammation [66-67]. Recently,
it has been suggested to evaluate endometrial cytology using the percentage of PMNs in
relation to epithelial cells, rather than counting the number of PMNs per HPF, when using the
cytobrush for sampling [73]. Nonetheless, the number of PMNs per HPF was found to be
inversely proportional to the pregnancy rate, i. e., mares without inflammation had pregnancy
rates 1. 3 and 3 times higher than those of mares exhibiting moderate or severe inflammation,
respectively [75].

The amount of PMNs detectable is affected by various factors. Samples obtained in early estrus
may not contain inflammatory cells, since PMNs’ migration into the uterine lumen during the
period of waning progesterone dominance is lower than during maximal estrogen dominance
[70, 75]. Nonetheless, the time post-ovulation does not seem to display any effect on endome-
trial cytological parameters in non-bred mares. Moreover, a small resident amount of PMNs
in the endometrium has been demonstrated from 24 to 96 hours after ovulation as well as
during pro-estrus, in healthy mares [16, 65, 70-71]. The PMNs number increases in the uterine
stratum compactum, but not in low volume flushes, after infusion of semen extenders, saline
or seminal plasma, which are known to have an inflammatory effect [65].

Other important parameters useful to interpret the cytological sample are: the background
content of the slides, i. e., if it is proteinaceous, contaminated with red blood cells, or clear; the
quality of the cells harvested, i. e., if they are intact, distorted, or fragmented; the total
cellularity, that is the number of cells per HPF; the ratio between PMNs and uterine epithelial
cells; the presence of other inflammatory cells, e. g. , eosinophils and monocytes, and their
number per HPF; the presence and the number per HPF of vaginal epithelial cells; and the
eventual presence of bacteria [55, 70].

Cytology is at the top among the diagnostic techniques, since it is a relatively inexpensive
method to obtain results in a short time [73]. However, this method has a relatively high rate
of false negative results and it does not provide information about the cause of the inflamma-
tion [58, 70]. That is why it should always be conducted together with bacteriology, as the
detection of PMNs together with potential pathogens is a stronger indicator of endometritis,
and the number of mares identified as positive to endometritis is significantly higher than with
either technique alone [58, 65, 70-71]. Furthermore, cytological samples supported by positive
cultures show on average twice neutrophils than those associated with negative cultures,
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regardless of the virulence of the bacteria individuated [74]. Nonetheless, mares may have
positive cytology with negative culture, and vice versa [55, 65]. Various interpretations have
been made to explain the absence of a correlation between the two techniques, in particular to
justify negative cultures, such as that uterine swabs may miss focal infections, the presence of
antimicrobial preparations in the uterus, deep-seated infection or non-infectious irritation [65].

3. 8. Endometrial microbiology

A positive uterine culture before breeding is among the causes of infertility linked to endo-
metritis [17, 75]. If a mare does not spontaneously eliminate an infection in 2 to 4 days, she is
considered either persistently infected or on her way of becoming persistently infected, as
supported by the study on uterine clearance of bacteria in healthy mares [60]. Mares are
classified as resistant when able to clear intrauterine fluid, inflammatory cells, and bacteria
within 48 hours from breeding, otherwise they are considered susceptible [61]. In addition, the
mares may change their susceptibility over subsequent breeding seasons, in a gradual manner.
Some of them exhibit a decreased endometrial quality, while others show a floating resistance
[61]. Most susceptible mares exhibit minimal signs of inflammation prior to the first breeding
of the year, likely because of prolonged sexual rest [57]. Although uterine culture may yield
false positive or false negative results, aerobic endometrial culture is still the most common
method for diagnosing infectious endometritis [65, 71]. Indeed, although bacteria may be
recovered indicating an infectious endometritis, the underlying problem may be a persistent
post-breeding endometritis, either not managed or treated suitably [57]. Bacteria and other
microorganisms (yeast or fungi) may be found on cytological smears, free or phagocytized
within neutrophils or macrophages, and should be scored based on their number per HPF [16].
Cultures may be positive for one or more bacterial species, but mixed cultures of more than
three pathogens are usually considered as the result of contamination [58, 65, 71].

Various correlations have been demonstrated between endometrial bacteria and different US
and endometrial cytological findings. Mares with intrauterine fluid were 1. 4 times more likely
to have 5 PMNs per HPF on cytological specimens than those with no or mild fluid [66].
Intrauterine fluid was more commonly detected when hemolytic Streptococcus, Klebsiella species,
Enterobacter cloacae or yeast were isolated, compared with E. coli, Staphylococcus aureus and
Pseudomonas species [66, 72]. Also intrauterine fluid and a cytology containing 2 PMNs per
HPF were more commonly associated to hemolytic Streptococcus than E. coli [66]. Nevertheless,
less than 40% of mares from which were isolated E. coli, S. aureus, Pseudomonas spp. , or non-
pathogen bacteria, such as Micrococcus spp. , Alpha Streptococcus or Bacillus spp. , had intrau-
terine fluid at US, immediately before the uterine culture was done [66]. Intrauterine fluid was
seen more frequently, in 45-55% of the US examinations, when B-hemolytic Streptococcus, K.
pneumoniae, E. cloacae or yeast were isolated [66]. However, intrauterine fluid, especially during
estrus, was not always associated with bacterial endometritis [66]. Furthermore, pathogens
associated with uterine fluid were more likely to coincide to neutrophils findings on cytology
and vice versa [67]. Hence, the uterine fluid indicates an acute inflammation, but not neces-
sarily a bacterial infection. This is confirmed by the presence of other causes of acute and
neutrophilic intrauterine collection, such as pneumovagina, irritating effect of semen, urine
reflux into the uterus and excessive production of endometrial mucus [67]. Moreover, not all
microbes cause a neutrophilic response and the amount of cytological specimens graded as
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positive for inflammation varied among the microbial findings [75]. Indeed, p-hemolytic
Streptococcus or Klebsiella yield more often positive uterine cytology, whereas E. coli, S. aureus
and Pseudomonas spp. had fewer positive cytological results [66, 75]. Presence of PMNs was
strongly associated with S. equi subsp. zooepidemicus, rather than E. coli[71, 74-75]. Among the
main pathogens, B-hemolytic Streptococcus, in particular S. equi subsp. zooepidemicus, a Gram-
positive bacteria, is more likely to cause an endometrial inflammatory response and it was
more often associated with positive cytology, differently from other pathogens [74].

Various bacterial species have proven to be pathogenic in the mares’ uterine environment, and
each species have been isolated in different percentage. Most frequently isolated bacteria, the
relative percentage, the sampling techniques adopted and the geographical area in which the
study was conducted are summarized in Table 1. In general, p-hemolytic Streptococcus is
strongly related to a rise in pH in the low volume flush efflux, probably due to super antigens,
released by the bacteria itself, which beckon pro-inflammatory mediators into the uterine
lumen [72]. They were reported as the most common microorganisms isolated from mares’
uterus [71-72, 75]. The double-guarded low volume flush allowed to isolate more -hemolytic
Streptococcus, even if uterine lavage seems to be not proper to detect it, probably due to its deep
localization in the endometrium [18]. Furthermore, in some S. equi subsp. zooepidemicus strains,
a clear ability to form persistent cells, highly tolerant to penicillin, has been demonstrated. The
prevalence of subclinical S. zooepidemicus endometritis in the mare is still to be determined,
and in subfertile mares the prevalence has been determined to be as high as 64%. The activation
of dormant bacteria, using bacterial growth mediums like bActivate, may improve significantly
the sensitivity of traditional diagnostics [76].

On the other hand, E. coli, a Gram-negative bacteria, was associated neither with cytologi-
cal evidence of inflammation nor with increased pH [65, 71-72, 74-75]. The absence of
correlation between E. coli and positive cytology may be due to its inability to attract PMNs
into the uterine lumen [18]. In fact, the pathogen-host relationship, and consequently the
uterine inflammatory response, of E. coli appears to be different from that of p-hemolytic
Streptococcus [72]. On the other hand, it appears to associate with moderate to heavy debris
on cytological smears. The interpretation of cultures positive for E. coli is difficult, since only
pure cultures and large numbers of colonies are considered significant, and an increased
sensitivity seems obtainable by culturing low volume flush [71-72, 74]. E. coliis sometimes
considered a contaminant, but it is believed to cause subfertility in the mare [65], and it has
been associated with focal infections, in the form of granulomatous plaques identified with
endoscopic evaluation in two mares [72]. Another pathogen is P. aeruginosa, a Gram-
negative bacteria, which produces a biofilm, i. e., an adhesive matrix that harbors bacterial
microcolonies and resists as well to antibiotics as to the immune system [67]. P. aeruginosa is
believed to be cause of chronic and persistent infections [67].

The role of non-pathogenic bacteria isolated from the mares’ uterus is still unknown, but they
may be the cause of decreased pregnancy rates [75]. Mares with bacteriological positivity but
no cytological evidence of PMNs may be affected by contaminants [58, 72, 75]. However, their
pregnancy rate resulted lower than those of the mares without any positivity to the tests. For
example, Bacillus and Micrococcus are skin commensals that are not usually the cause of
lowered pregnancy rates, but in barren and older mares with weakened physical barriers they
may play a role in decreased fertility [75]. Even if S. zooepidemicus is a commensal and common
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bacterium of the caudal reproductive tract, the cervix has been considered an efficient barrier
maintaining a sterile uterine environment. Trans-cervical medical procedures, particularly
when involving instillation of substances that may possibly favor bacterial growth, represent
arisk of iatrogenic contamination of the uterus with bacteria from the micro-flora of the caudal

reproductive tract [76].

Bacterial Species Prevalence (%) SamplingMethod Area Reference
S. equi subsp. zooepidemicus 28.3 Cotton Swab / Kentucky [66]

E. coli 20.5 Low Volume Flush

S. equi subsp. zooepidemicus 34 Cotton Swab Kentucky [75]

E. coli 17

Pseudomonas spp. 11.7

Non-pathogens
(Micrococcus, 11.3

a-Streptococcus, Bacillus)

E. coli 27.6 Low Volume Kentucky [72]
Mixed 14.6 Flush

S. equi subsp. zooepidemicus 20.9
Mixed 16.7

S. equi subsp. zooepidemicus + E. coli 7.8

S. equi subsp. zooepidemicus 39 Cotton Swab
E. coli 16
S. equi subsp. zooepidemicus 19 Endometrial Denmark [71]
S. aureus 1 Biopsy
E. coli 1 Cotton Swab
S. equi subsp. zooepidemicus 31.7 Cotton Swab Italy [103]
E. coli 19.6
Non-hemolytic 18.4
Hemolytic 1.2
E. coli Cotton Swab Sweden [101]
Hemolytic 3
Non-hemolytic 64
S. equi subsp. zooepidemicus 20
Gramnegative Coccus 8
E. coli 30 Low Volume Denmark/ [18]
S. equi subsp. zooepidemicus 11 Flush Kentucky
E. coli + B-Streptococcus 20

E. coli 21 Swab
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Bacterial Species Prevalence (%) SamplingMethod Area Reference
S. equi subsp. zooepidemicus 8
E. coli + B-Streptococcus 4
E. coli 12 Endometrial
S. equi subsp. zooepidemicus 7 Biopsy
E. coli + B-Streptococcus 3
S. equi subsp. zooepidemicus Not Specified Cotton Swab/ Canada [16]
Low Volume Flush
Bacillus spp. 10 Cytobrush Poland [58]
S. equi subsp. zooepidemicus 6
E. coli 5
Bacillus spp. 11 Endometrial
S. equi subsp. zooepidemicus 8 Biopsy
E. coli 5
E. coli 10.9 Cotton Swab / Germany [65]
S. equi subsp. zooepidemicus 9.1 C‘ytobrush /Endomerial
Biopsy
E. coli Not Knudsen Germany [74]
Non hemolytic Specified Catheter
S. equi subsp. zooepidemicus
Klebsiella spp. Not
Pseudomonas spp. Specified
S. equi subsp. zooepidemicus Not Cytobrush
E. coli Specified
Non-hemolytic
Klebsiella spp. Not
Pseudomonas spp. Specified
E. coli Not Cotton Swab
Non-hemolytic Specified

S. equi subsp. zooepidemicus
Kilebsiella spp. Not
Pseudomonas spp. Specified

Table 1. Prevalence of the most common bacterial species isolated from mares’ uterus in various geographical areas

3. 9. Endometrial histology

In brief, the histological grading system for the endometrium ranges from I to IIl. Grade I is
an essentially normal endometrium with minimal alterations. Grade Il is a wide category, often
divided into subcategories, IIA and IIB, from mild to moderate pathologic conditions. Grade
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IIT includes severe and widespread inflammatory and/or degenerative changes of the endo-
metrium [77]. This technique is considered the “gold standard” to diagnose endometritis, in
particular the detection of PMNss infiltrating the luminal epithelium and the stratum compac-
tum [71]. Grade IIB and III mares have also shown an increased incidence of intrauterine fluid
retention, compared to grade I and IIA mares [61].

The endometrial lesions are further classified as inflammatory, i. e., acute, sub-acute or chronic,
and non-inflammatory lesions, e. g., hypoplasia, hyperplasia or chronic degenerative condi-
tions. The acute inflammatory lesions are characterized by at least one PMN per 5 HPF,
whereas the chronic ones by lymphocytes are often accompanied by eosinophils [58, 71].
Anyway, the number of PMN:s is affected by the phase of the estrus cycle, with more neutro-
phils especially during estrus, regardless the cause of endometritis, breeding as well as
bacterial-induced. Degenerative processes are the sclerosis of uterine vessels, i. e., “angiosis”
also known as “pregnancy sclerosis” in humans, which increase with parity, the lymphan-
giectasia, secondary to vascular degeneration or persistent inflammation, the loss of epitheli-
um and the epithelial hyperplasia, which are highly influenced by ageing, hormones and parity
[57, 61, 70]. Even if the age combined with parity has been related with endometrial degener-
ation, and that increased parity is clearly positively correlated with increased age, old maiden
mares may display much more marked changes than expected for their age [17, 61]. Sports
mares differ in regard to their endometrial pathology from equine populations of nearly
exclusively non-sports mares, i. e., sports mares have a much higher prevalence of endometrial
periglandular fibrosis [78]. An irregular glandular differentiation may occur physiologically
during the transitional cycles, but when these findings are seen during the breeding season,
they represent a pathological alteration correlated with a permanent or temporary reduced
fertility [78].

In mares susceptible to post-breeding endometritis, findings may differ depending on when
the examination is performed [57]. Prior to the first breeding of the year, endometrial biopsy
score may be a category IIA, with pathological findings of mild, focal, subacute inflammation
with or without lymphangiectasia [57]. Bacteria and PMNs are usually absent. After repeated
mating in a season, these mares accumulate intrauterine fluid and may have interstitial edema
within the uterine wall after ovulation. At this time, the endometrial biopsy score may worsen
to a category IIB, with the primary lesions of diffuse, moderate, subacute inflammation,
lymphangiectasia, and moderate to severe edema [57]. Then, positive uterine culture and
neutrophilic uterine cytology can be observed [17].

3.10. Novel and old biomarkers for endometritis: myeloperoxidase and nitric oxide

Myeloperoxidase is a pro-oxidant enzyme stored in and released by neutrophils during
degranulation or after lysis [59]. In horses, myeloperoxidase has been demonstrated in
different biological samples, such as plasma and broncho-alveolar lavage fluid, reaching
variable concentrations. Its presence has been recently confirmed in the uterine lumen, both
in physiological conditions, like during estrus, and it seems to be related to uterine inflamma-
tion [59]. Samples were collected by low volume flush and stored in tubes with EDTA, since
it prevents coagulation and consequently degranulation of neutrophils, thus stabilizing
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myeloperoxidase concentration. It has been noted that its concentration is high in mares
affected by endometritis, showing a positive correlation both with positive cytological results
and with the presence of intrauterine fluid [59]. Further studies to establish the threshold
between normal and pathologic uterine concentrations of myeloperoxidase are needed.

Another intriguing biomarker is NO, a smooth muscle relaxant able to compromise the uterine
contractility and, consequently, its clearance [60]. A higher amount of NO and a higher NOS
expression in uterine biopsies were found in susceptible mares 13 hours after insemination,
compared with resistant ones [26]. Although it is not clear whether the higher NO concentra-
tion in susceptible mares is the cause or the result of a delayed uterine clearance, the difference
between the susceptible and the resistant mares suggests a possible role for it either directly
or through a NO-associated pathway [26].

4, Treatment of endometritis

The purpose of the treatment protocol is always to prepare the endometrium for embryo
descent, which happens about 6 days after-mating, but the choice of the exact management
depends on the specific etiological diagnosis [56]. The main objective is to resolve endometrial
inflammation by restricting the bacterial contamination and by improving uterine physical
clearance. This goal is reached through the control of post-mating inflammation length and
degree, and/or through the identification and the elimination of the microorganism involved
in the uterine infection [67]. Resolution of underlying problems is necessary to succeed in
endometritis treatment.

Any anatomical defects, which may contribute to development of infections and impairs the
post-insemination fluid drainage, should be corrected with surgery, e. g. , Caslick’s vulvo-
plasty or urethral extension [79]. Traditional therapy to improve physical clearance of uterine
fluid is uterine irrigation, associated to the administration of ecbolic, either oxytocin (10-25 Ul
i. v. ori. m.) or cloprostenol (250 pug i. m. ), 4 to 8 hours after breeding [44, 80-86]. In case of
infectious endometritis, the key to resolve the pathology is the antimicrobial therapy, either
with systemic or intrauterine administration. Mucolytic irrigations have been recommended
before the antimicrobial infusion, in order to eliminate bacterial biofilm and to improve drugs
absorption by the uterine mucosa [17].

New treatment strategies are being developed, thanks to the growth of knowledge about
persistent uterine infection pathophysiology. For example, immunomodulatory therapy has
been proven effective in modulating the impaired uterine inflammatory response in suscep-
tible mares. Different biological products such asheterologous or autologous plasma, platelet-
rich plasma infusions, autologous conditioned serum and mesenchymal stem cells have been
tested [87-92]. Corticoids and Mycobacterium cell wall extract or Propionibacterium acnes have
been confirmed to be useful to treat endometritis [93]. At the end of the treatment, its efficacy
should be controlled. A clinic examination should always be performed and culture swab and/
or a biopsy sample should be collected at 3—4 weeks from the beginning of the treatment.
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4.1. Uterine flushing

The uterine lavage is helpful to remove debris, microbes, neutrophils and other substances
that interfere with the mucosal absorption of antimicrobial and with neutrophils action. This
also improves the clearance by stimulating uterine contractility. The lavage contrasts infectious
agents by mechanical irritation of endometrium, which helps recruitment of neutrophils and
opsonins [17].

The choice to treat or not a mare with uterine lavage relies on the presence of post-mating
intrauterine fluid and on the degree of edema. An US examination is performed 4 to 8 hours
post-mating: when no or little edema or slight accumulation of fluid is detected, the lavage is
not performed. Otherwise, when the intrauterine fluid is more than 2 cm in depth, the mare
is treated with immediate uterine irrigation [17]. To avoid the interference with conception,
the best timing for uterine flushing is 4 hours post-breeding [94]. Thus, a further US exami-
nation is advisable 24 hours post-breeding to evaluate if additional uterine irrigations are
needed. Whenever US results are impracticable, a preventive uterine lavage between 4 and 12
hours after breeding should be performed [47].

The procedure for a therapeutic uterine lavage is identical to that described for the low volume
uterine flush, except for that a large-bore (e. g., 8 mm inner diameter x 11 mm outside diameter)
Bivona catheter with a balloon cuff is used, and that a volume of 1 to 2 liters of warm solution
is typically infused and then removed by gravity [95]. The warm uterine flushing should be
combined with uterine massage per rectum to uniformly diffuse the fluid and to stimulate the
myometrium contraction. Lavage is generally repeated until the effluent results are clear or
not too turbid.

Uterine infusions are performed with isotonic saline solution or other balanced electrolytes
solutions, such as lactated Ringer’s solution. A low volume, 5-10 ml, of povidone-iodine
solution can be added to 1 L of saline as preventive antimicrobial and antifungal treatment.
This management is cost-effective and easy to be prepared, stored and delivered. However, it
hasbeen reported that intrauterine administration of1% povidone-iodine solution during days
0and 2 post-ovulation in healthy mares did not induce the histological changes of endometritis,
but altered progesterone concentrations and reduced the expression of endometrial proges-
terone receptors, without affecting estrogen receptors. It was suggested that these changes
could reduce embryo survival [96]. Ecbolics are administered as described to eliminate
completely the infused fluids [17].

4. 2. Antibiotic treatment

Identifying and destroying bacterial infections might be the key to resolve some chronic
reproductive problems. On the other hand, the decision to use antibiotics should rely on clear
diagnostic evidences, which is not always the case. Hence, the key factor in treating endome-
tritis with antibiotics is to confirm the presence of a true bacterial infection [97]. In endometritis,
the infection is frequently limited to the endometrium and intrauterine infusion of antimicro-
bials is the most common approach treatment. However, the analysis of uterine biopsies
showed that Streptococcus zooepidemicus was present deep within the endometrial tissue in
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infertile mares [98]. In these cases, treatments limited to intra-uterine infusions may be
unsuccessful, especially if the antibiotic did not achieve deep-tissue concentrations, adequate
to kill the microorganism [97]. Infectious endometritis must be treated by intrauterine infusion,
during estrus, with the appropriate antimicrobial administered daily for 3 to 7 days and after
uterine irrigations, which eliminate organic material that may interfere with the antibiotic
function. Intrauterine infusion volumes of antibiotics from 30 to 200 ml have been suggested
to achieve distribution throughout the uterine lumen [99]. The infusion of small volumes is
advisable, since larger volume infusions result in reflux through the cervix and inadequate
distribution over the endometrium. Anyhow, the solution should be water-soluble and non-
irritant.

Due to the increased spread of antimicrobial resistance, the choice of the antibiotic should be
made considering the susceptibility pattern obtained from uterine culture [67]. Sometimes it
is not possible to obtain a culture, either because the owners refuse the procedure or because
there is no time to wait for results. In these cases, broad-spectrum antibiotics are the first choice
to treat endometritis. Criteria for the choice are based on the consideration of the most common
bacteria isolated from mares’ reproductive tract: S. equi subsp. zooepidemicus (Gram positive),
E. coli (Gram negative), K. pneumonige (Gram negative), P. aeruginosa (Gram negative), S.
aureus (Gram positive), and Bacteroides spp. (Gram negative, anaerobe) [19, 71, 100-103].

The effect of various antibiotics has been evaluated with controversial results. Gentamicin (1-2
g) or Amikacin (1-2 g) Gram-negative coveragehave both been demonstrated to significantly
reduce the activity of neutrophils [17]. On the basis of the results of an online survey of
veterinarians concerning antibiotic use in equine reproduction, the most common antimicro-
bials used for intrauterine infusions in the mare before receiving culture/ antibiotic sensitivity
results were ceftiofur (21%), followed by gentamicin (19%), ticarcillin with clavulanic acid
(13%), ampicillin (12%), other (12%), procaine penicillin (5%), amikacin (5%), potassium
penicillin (3%) and ticarcillin (3%). The category “other” included combination of penicillin
and gentamicin (2%), penicillin and neomycin (2%), ampicillin and gentamicin (1%), oxyte-
tracycline, framomycin, framycetin, cefquinome, cefazolin or chloramphenicol [97]. Dosages
for antibiotics and antimicotics commonly administered either systemically or through
intrauterine irrigation to treat endometritis are summarizedin Table 2.

Antibiotic intrauterine infusion in the estrus cycle may be realized either before or after
breeding, preferably after ovulation is confirmed. The use of antimicrobial that may potentially
have spermicidal properties onthe day of insemination/mating generates controversial
opinions. The uterine lavage or infusion is executed at least 4 hours after the insemination, so
that the oviduct colonization with the sperm is not compromised. Then, 2 days after ovulation
the progesterone levels increase, and the uterine defense mechanisms efficiency consequently
decrease. For this reason, performing the infusion between 4 hours after insemination and 2
days after ovulation is considered to be harmless for the conception [104]. On the other hand,
the antimicrobial uterine infusion in progesterone phase has been associated with increased
incidence of resistant bacterial and fungal infection [105-106].

During acute endometritis, the time length of the antimicrobial treatment should depend on
the degree of endometritis, according to endometrial biopsy. In slightly endometritis 3 days,
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in moderate one 5 days and in severe endometritis 7 days are necessary [99]. Concerns about
inducing secondary fungal infections and/or antibiotic resistance are some of the reasons why
the intrauterine antibiotic infusions have been reduced. Indeed, uterine lavages with saline
associated to the use of ecbolics are now commonly accepted, and antibiotic therapies are more
targeted at specific isolated organisms, in conjunction with methods to disrupt biofilms [97].

The combination of local and systemic antimicrobial treatment must be performed when
clinical examination results in evident general illness, in case of infection or inflammation
involving the deeper layers of the uterus, when repeated antimicrobial intrauterine infusions
fail to cure, and when the recontamination is alarming. Systemic therapy during diestrus is
preferable, since it is associated to lower fluctuation in antibiotic tissue levels and further
contamination of the uterus should not happen. Trimethoprim-sulfa, ampicillin, penicillin and
gentamicin are commonly used as systemic therapy. Oral administration of enrofloxacin at 5
mg/kg is recommended twice daily, to reach endometrial levels above the minimum inhibitory
concentration of many endometritis-associatedbacteria. In adequate doses repetition or drug
interaction may create resistant microorganism and superinfections, such as yeasts or fungal
overgrowth, which makes it particularly difficult to treat.

Dosage Intrauterine

Molecule Route Bacterial Susceptibility Ref.
(mg/kg) Dosage

Amikacin 10 q24h IV/IM 12g Gram negative [128]

Gram positive &
Ampicillin 29 q12-24h IV/IM 1-3g , [128]
negative, E.coli

Carbenicillin 2-6g Gram negative [97]

Gram positive, some
Ceftiofur 2—4 q12-24h IV/IM lg Gram negative, S. [128]

zooepidemicus

Doxycyline 10q12h 0s Broad-spectrum [97]
5.5 q24h IV slow
Gram negative, Resistant
Enrofloxacin 7.5 q24h (O8] [128]
bacteria
4.0 q12h 0s
Gentamicin 6.6 q24h IV/IM 1-3g Gram negative [128]
Kanamycin 1-3g E. coli [97]
Anaerobic Gram
Metronidazole 15-25 q24h 0s . [97]
negative
Neomycin 2-4¢g Gram negative, E .coli [97]
Oxytetracycline 6.6 q12h IV slow [97]

. Gram positive, S.
K-penicillin 22,000 IU/kg q6h v 5x10°UI o [128]
zooepidemicus
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Dosage Intrauterine
Molecule Route Bacterial Susceptibility Ref.

(mg/kg) Dosage

22,000 IU/kg
Procaine penicillin 1ok M 4.5-6 x 10° UI Gram positive [128]
q
Gram positive,

Ticarcillin 3-6¢g [97]

Pseudomonas

Broad spectrum

3-6 g/200 mg [Staphylococcus, [97]

Ticarcillin + clavulanic

acid
Enterobacter, Bacillus]
S. aureus, E. coli, Klebsiella
Trimethoprim sulfa 30 q12h 0os spp., Proteus, some [128]
Nocardia spp.
0.3-0.9
Amphotericin B v 100-200 mg q24h Broad spectrum [128]
q24-48h
Clotrimazole 400-700 mg q24h Yeast [128]
14 loading
Fluconazole IV/OS 100 mg q24h Yeast [128]
then 5 q24h
Itraconazole 5 q12-24h Iv/Os Broad spectrum [128]
Ketokonazole 20 q12h Via Nasogastric intubation in 1-2 h Broad spectrum [128]
Miconazole 500-700 mg q24h Broad spectrum [128]
Nystatin 0.5-2.5 x 10° UI q24h Yeast [128]

Table 2. Most commonly used antibiotics and antimicotics to treat equine endometritis, dosages for either systemic or
intrauterine use, and bacterial susceptibility

4. 3. Mucolytics and chelating agents

Persistent endometritis could be associated with hypersecretion of mucus by endometrial
epithelium and the presence of exudate renders aminoglycosides chemically inert and
generally interferes with antibiotic penetration. Some Gram-negative and positive bacteria or
fungi produce biofilm that confers antibiotic resistance [107-108]. The pathogens confirmed
to produce biofilm include S. epidermis, E. coli, E. cloacae and the most potent biofilm producer
P. aeruginosa.

Administration of mucolytic drugs is used to eliminate excessive mucus and exudates for the
negative effect of the latters both on intrauterine antibiotics and on sperm transport to the
oviduct. Despite controversial viewpoints, intrauterine effects of mucolytic oral administration
have not been confirmed. However, it was stated that oral N-acetylcysteine (NAC) treatment,
even if it does not reduce the viscosity of uterine mucus, has an anti-inflammatory effect on
the equine endometrium [109]. Different kinds of intrauterine mucolytics are used and include
NAC, dimethyl sulfoxide (DMSO) and kerosene.
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The NAC is a mucolytic agent that disrupts disulfide bonds between mucin polymers, thereby
reducing mucus viscosity, and in addition possesses antioxidant and possibly antimicrobial
properties [110-112]. Furthermore, its properties help the sperm transport to the oviduct.
Intrauterine post-breeding infusion of 3. 3% solution of NAC did not result to be harmful to
mares’ endometrium, and it decreased the extracellular mucus thickness and staining intensity
in healthy mares, but not in mares with active bacterial endometritis. The same NAC protocol
applied in mares repeatedly bred and with a history of mucus hypersecretion, combined with
post-mating uterine lavage, oxytocin, and infusion of an antibiotic, was correlated to good
pregnancy rates [113]. The safety of NAC on mucosal surfaces is clear, based on its use as a
mucolytic for respiratory disease in humans and treatment for meconium impaction in foals
[113]. Interestingly, some recent findings demonstrate that intrauterine application of NAC in
healthy mares in estrus may reduce the endometrial response to irritants [114]. The intrauterine
administration of 0. 6% NAC solution, prepared by adding30 ml of 20% NAC to 150 ml of
sterile saline, performed 48 hours before breeding, improves the pregnancy rates [110]. The
effect of post-breeding intrauterine infusion of 30% DMSO solution showed to be effective in
improving the endometrial biopsy score, and it lead to higher pregnancy rates compared with
mares infused with saline [115]. The improvement of the pregnancy rate, following the infusion
of 50 ml of commercial kerosene, operates differently from the other mucolytics. The mecha-
nisms hypothesized were that kerosene activates endometrial glands and reduces the mucus
through the destruction of the uterine epithelium. A moderate to severe endometritis results
from kerosene uterine administration, with severe edema and production of serum-like
exudates. Half of the treated mares manifest necrosis of the endometrium [116].

Advanced strategies include uterine infusion of buffered chelating agents. Their mechanism
of action is not completely clear, but they alter the integrity and permeability of the bacterial
cell wall by chelation of the calcium and/or magnesium on the outer membrane. To explicate
this action, the chelating agents have to be indirect contact with the bacterial cell wall [67].
Recommended treatment is the infusion of 200 to 500 ml of the first-generation Tris-EDTA
(ethylenediaminetetraacetic acid 3. 5 M plus tromethamine 50 mM) or third-generation Tricide
(8 mM disodium EDTA dehydrate plus 20 mM 2-amino-2-hydroxymethyl-1, 2-propanediol)
[117-120]. After 12-24 hours, the uterus should be flushed to remove debris and accumulated
dead cells. The efflux should be examined; and if it is cloudy or mucus is present, the chelating
treatment should be repeated one more time [58].

4. 4. Ecbolics

Uterine irrigation should be associated with systemic administration of ecbolic drugs, which
increase clearance of the fluid through cervix, stimulate myometrial contraction and impair
lymphatic drainage from the uterus. Oxytocin is an equine uterine ecbolic commonly utilized
in doses ranging from 10 to 25 IU i. v. or i. m. Higher doses should be avoided, since it may
impair pregnancy rates [86]. The administration of oxytocin, in estrus and 48 hours post-
breeding, induces high-amplitude uterine contractions lasting from 30 minutes to 1 hour.
However, oxytocin half-life is very short and repeated administrations enhance treatment
effectiveness [81, 121-122].
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These drugs may be ineffective in aged maiden mares in which the cervix often fails to dilate.
In such cases, oxytocin therapy should be associated with topical application to the cervical
epithelium of misoprostol, a synthetic PGE1 analogue, before breeding, or substituted by
cloprostenol administration to sustain low-amplitude uterine contraction for 2 to 4 hours.
Intramuscular administration of cloprostenol or PGF2a at a dosage of 250pgis recommended,
before the ovulation or within 12 hours. However, administration post-ovulation is not
advisable, since it decreases serum progesterone concentration and consequently the preg-
nancy rates. The cloprostenol-induced contractions last longer; therefore, cloprostenol is more
suitable for mares with lymphatic stasis. Side effects, such as sweating and abdominal
cramping, are minimal, transient, inconstant and dose-dependent [123].

The best timing for ecbolic administration after uterine lavage associated to the antimicrobi-
al infusion has not been established, yet. When treating anxious or excitable mares, seda-
tives with a2-adrenergic agonist action, such as xylazine or detomidine, should be used.
These sedatives optimize oxytocin effect and increase the intrauterine pressure, where as
acepromazine, aal-adrenergic antagonist, can cause a reduction of uterine contractions after
oxytocin treatment [47].

4. 5. Immunomodulators

Higher levels of anti-inflammatory cytokines were observed in resistant mares compared with
susceptible ones. The rationale for using immunomodulators is to equilibrate the expression
of pro- and anti-inflammatory cytokines in susceptible mares and to rehabilitate the homeo-
stasis of the local inflammatory response.

Glucocorticoids have been demonstrated to suppress the immune response, decreasing gene
expressions of the pro-inflammatory cytokines, IL-1a, IL-6, IL-8, while enhancing defense
mechanisms and stimulating a higher anti-inflammatory response. Thus, short-term steroid
therapy maybe beneficial for treating post-mating endometritis in the mare [124]. An increase
of pregnancy rates after single injection of dexamethasone within 1 hour post-mating,
approximately 0. 1 mgkgi. v. , associated with routine therapy, has been demonstrated in
mares with history of fluid accumulation after breeding. Oral administration of 9-alpha-
prednisolone acetate at 0. 1 mg/kg twice daily for 4 days, beginning 48 hours before breed-
ing, and the association of dexamethasone, administered within lhour after mating, and
prednisolone, administered once daily before and after mating, were confirmed to be
efficacious only in susceptible mares, decreasing uterine edema, and reducing and clarify-
ing intra-uterine fluid [125-126].

Other immunomodulatory treatments have been tested to elicit a general increase in immune
system activity by means of non-specific cell-mediated response and modulating the release
of cytokines [127]. Mycobacterium phlei wall extractand Propionibacterium acnes were reported
to be efficient in uterine infectioncaused by S. equi and S. zooepidemicus and in chronic endo-
metritis, respectively [17, 93]. In 2014, mesenchymal stem cells and autologous conditioned
serum were used to modulate successfully the uterine inflammatory response to spermatozoa
in healthy mares [90]. However, the former seems to be more reliable than the latter, and
additional studies are ongoing to determinate the effects of mesenchymal stem cells on
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“problem” mares. Preliminary data on small volume intrauterine infusion of platelet-rich
plasma, either before or after insemination, suggest an improvement in conception rate,
probably due to a more appropriate uterine environment for embryo survival. Both the efficacy
and the exact mechanisms of action of these treatments need further elucidation, but they seem
to be triggered through activating platelets, cytokines and growth factors, and they seem to
regulate cell migration, attachment, proliferation and differentiation, and to promote extrac-
ellular matrix accumulation [89, 91-92, 128].

5. Fungal endometritis

Whereas a rich literature describes the etiopathogenesis of equine microbial endometritis, few
papers are dedicated to the role of fungi as responsible for uterine inflammation in the mare.
The incidence of fungal infection in mares affected by endometritis is probably significantly
lower than the incidence of bacterial infection, but fungal endometritis is more challenging to
treat and is associated to a guarded-to-poor prognosis for future fertility [129]. Fungal growth
was demonstrated in different rates, ranging from 1 to 7%, considering either the total number
of reproductive cultures submitted to laboratories or the percent of cultures positive for fungal
compared to the total number of mares affected by endometritis [130-134]. The term “fungi”
is referred to heterotrophic, aerobic or facultative anaerobic, non-motile organisms widely
distributed in the environment [132]. They could have characteristics of both yeasts, round to
oblong single-cell organisms, and molds, that are long, branched, filamentous structures [135].
The filamentous cells are also named hyphae and are often organized in small masses, called
mycelia, sometimes isolated in fluid from uterine lavage. Cytological and histological speci-
mens may demonstrate both yeasts, most adapted to grow in liquids, and hyphae, better suited
to penetrate deeper inside the endometrial tissue [136].

5.1. Aetiology

The most common organisms isolated during equine fungal endometritis are Candida spp. ,
Aspergillus spp. and Mucor spp. [137]. However, many other organisms have been reported
(Table 3). Recently, Cladophialophora bantiana has been isolated in a 15-year-old Standard bred
mare that displayed infertility and uterine fluid accumulation with numerous black, hairy
granules. C. bantiana is an emerging pathogen, causing cerebral phaeohyphomycosis in
humans, while animal cases are rare [138]. The inflammatory mechanisms associated with
these types of endometritis have not been clarified until now, and probably endometritis
involving fungus or yeast will be feared as long as the inflammatory mechanisms associated
will not be studied [134].

The most common source of fungi causing reproductive disease in the mare is probably from
skin or fecal origin and the primary reservoir for infectious agents is the caudal reproductive
tract, vagina and external genitalia [132]. Fungal elements that cause reproductive disease are
generally opportunistic and their growth is considered to be secondary to underlying factors
impairing the local humoral and, particularly, cell-mediated immunity. Mares with uterine
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fungal infections may have predisposing conditions such as: anatomical defects, i. e. , an
incompetent vulvar seal from multiple Caslick’s procedure or trauma, or a tilted vulvar
conformation; cervical trauma and inadequate closure of the cervix due to dystocia or
fetotomy; immunosuppression; malnutrition; endocrine diseases; a history of antibiotic
treatment; veterinary manipulations due to frequent artificial inseminations and intrauterine
treatments [132, 137-139]. Even if fungal endometritis has been reported also in mares without
the history of previous uterine therapies, this pathology has been more often documented in
older multiparous mares, treated for bacterial endometritis in the past [136].

One of the most discussed predisposing factors is the prolonged use of antibiotics, which is
believed to modify the normal flora of the caudal reproductive tract, disrupting the biological
barriers and allowing yeast overgrowth. Alteration of the vaginal flora may also destroy
organisms producing anti-fungal substances and/or competing for available nutrients,
interfere with the local microbial synthesis of vitamins or change vaginal pH [132]. Intrauterine
antibiotics reach the vagina when cleared by the increased myometrial tone or through passive
leakage, affecting the vaginal flora and the fungal colonization. Repeated reproductive
manipulations, such as mating, or inseminations, or infusions and irrigations during the estrus
may transfer microorganism from the caudal reproductive tract into the uterus. In mares in
which deficit of uterine clearance mechanisms exist, opportunistic fungi find an endometrial
environment favorable to their proliferation [132]. Administration of progesterone may be
another predisposing factor due to reduction of neutrophilic phagocytic ability, decreased
myometrial activity and increased cervical tone. Furthermore, a moist environment, the
exposure to large numbers of fungi and the presence of necrotic, ischemic or infected foci may
contribute to the fungal infection [132]. Fungal endometritis due to Cladophialophora bantiana
was diagnosed in an infertile mare with a history of dystocia, fetotomy and cervical laceration
[138]. Nevertheless, subclinical fungal endometritis was also demonstrated in an 8-year-old
Hanoverian mare at her first breeding, with no further reproductive available history [140].

Fungi have been isolated from urethral cultures (Mucor spp. ), fresh semen (Absidia spp. ) and
extended semen (Candida spp. ) from stallions [141]. The transmission of fungal infection
through the natural coitus or artificial insemination has not been demonstrated until now, in
the horse. However, in humans, there is some evidence that the male may harbor fungi as
asymptomatic carriers. This can cause the re-infection of the sexual partner. Thus, when
multiple mares are diagnosed with fungal endometritis, cultures of the stallion's penis, prepuce
and semen should be performed [136].

5. 2. Diagnosis of fungal endometritis

History of mares affected may reveal the presence of predisposing factors to fungal infections.
Frequently, mares are presented with a history of infertility and of repeated use of intrauterine
diagnostic and therapeutic procedures [132]. Clinical signs range from subclinical infection to
profuse vaginal discharge [138]. Sometimes, at the physical examination, a gray vulvar
discharge is evident [132]. The presence of mycelia, as granules, in the fluid from uterine lavage
is strongly indicative. The diagnosis of fungal endometritis relies on endometrial cytology,
uterine culture or uterine biopsy [136]. Microscopic examination of uterine fluid or uterine
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Fungi Reference
Actinomyces spp. [132]
Aspergillus fumigatus

Aspergillusspp.

Aureobasidium pullulans

Candida albicans

Candida spp.

Rhodotorula spp.

Coccidiodes immitis

Trichosporon beigelii

Fusarium spp.

Hansenula spp.

Monosporium spp.

Mucor spp.

Nocardia spp.

Paecilomyces spp.

Penicillium spp.

Rhodotorula spp.

Scedosporium apiospernum

Saccharomyces cerevisiae

Torulopis candida

Cryptococcus neoformans

Trichisporon spp.

Cladophialophora bantiana [138]

Table 3. Most common fungi isolated from the mares’ uterus

swab cytology is an important diagnostic tool for fungal endometritis [138]. Cytological smears
may show yeast or hyphae. Yeasts appear as 3 to 5 um round-to oval single-cell organism and
often have a capsule surrounding them that exclude dyes. This capsule is visible by altering
the focal point when viewing the microscope slide and is considered a protective barrier
against phagocytosis. Hyphae are less common and appear as subtle filamentous multicellular
organisms [132, 136]. Yeasts are usually associated to superficial infections; on the contrary,
hyphae are generally associated to deeper-seated fungal infections, requiring a longer
treatment. Fungi should be always isolated and identified by cultures, to allow for antifungal
drug sensitivities to be performed. They may be cultured initially on blood agar, and then
passed on Sabaroud’s agar [132]. Time for their growth is sensibly higher than bacteria and
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the laboratory should be aware that a search for fungal organism is requested. Otherwise, after
the routine time of observation for microbial growth, the culture could be deemed negative,
because of the early reporting of the results [142]. A microculture system, Dermatobac®,
originally developed for the isolation of fungi in human medicine, was recently tested to
evaluate its sensitivity in the diagnosis of equine fungal endometritis. Dermatobac® proved to
be efficient, showing conclusive information after only 24 hours of culture [139]. A rapid,
sensitive and repeatable quantitative polymerase chain reaction assay (qPCR) was also
developed for the detection of fungal DNA from equine endometrial samples. The qPCR assay
identified fungal DNA in samples from 12 of 17 mares suspected of having fungal endometritis
and proved to be potentially useful as an adjunct to microbial culture and cytological exami-
nation in clinical situations to provide identification of fungal organisms in a timely manner
[143]. The clitoral fossa and vaginal mucosa should be cultured in addition to the uterine lumen
because they could be the reservoir for fungal organism, allowing recontamination after
successful uterine treatments [132].

Equine fungal endometritis is usually accompanied by bacteria, among which p-hemolytic
Streptococci group C and E. coli are the most common species. The underlying factors impairing
the local immunity, which promote the fungal growth, may favor the microbial growth as well
[138]. Especially if bacteria are in low number, they can be missed at the culture, confounding
the diagnosis. In these cases, after the treatment with antifungal drugs, in the absence of other
concurrent microorganisms, a bacterial endometritis develops, and infertility persists. It is also
possible that the microbial infection has its origin in the alteration of the vaginal microflora
due to the antifungal treatments. For these reasons, it is important for early identification of
mixed fungal and bacterial infection at either the cultural or the cytological examinations [136].
Endometrial biopsy may also be used in the diagnosis of fungal endometritis, when cytology
is inconclusive or to confirm the successful treatment of uterine infection. Fungal elements
may be observed either adherent to the luminal surface, within endometrial gland lumens or
within the endometrium [132].

5. 3. Therapy of fungal endometritis

Many difficulties can prevent a successful treatment of mares affected by fungal endometritis,
due to invasive forms that are not exposed to intrauterine therapies, poor uterine clearance
mechanism, inadequate immune response or to recontamination from posterior reproductive
tract sources, mixed or chronic infections. Therapy for fungal endometritis is made of a
combination of predisposing factors correction, uterine lavage and intrauterine infusion of
antifungal agents [137]. Any defect in the physical barriers to uterine infection, at the level of
perineum, vulva, vulvo-vaginal folds and cervix, must be surgically corrected whenever
possible [136]. All the tissue of the reproductive tract that may harbor the fungal elements
should be treated. These include the clitoris, clitoral fossa, vagina, cervix and uterus.

Large volume uterine lavage may be used with the aim to decrease the overall fungal number,
increase the infiltration of inflammatory cells and the myometrial tone and expose organism
to antifungal solutions. Some substances and drugs are usually added to saline, which may
interfere with the fungal growth by means of different mechanisms. The use of DMSO is
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reported at concentrations of 10-20%, because of its in vitro activity against the growth of
Candida albicans [132]. A potential antifungal effect has been attributed to diluted iodine (0. 05-
1%) and to acetic acid (vinegar, 2% — 20 ml of white vinegar in 1 L of 0. 9% saline) [136].
Intrauterine iodine should be used with caution, because of the danger of tissue damage and
adhesions in particularly sensitive mare, even if it was demonstrated that a 1% povidone-
iodine infusion during days 0 and 2 post ovulation in healthy mares did not induce histological
changes compatible with endometritis [96]. Ecbolic drugs, such as oxytocin (10-20 IU intra-
muscularly or intravenously) or prostaglandins may be administered after the lavage to
facilitate the expulsion of residual uterine fluid [136]. After the uterine lavage, the treatment
should be completed with the intrauterine and/or systemic administration of an antifungal
drug, ideally chosen on the basis of the results of cultural examination and susceptibility [136].

The two main categories of antifungal agents are the polyene and the imidazole drugs, which
interfere with the formation of fungal ergosterol, resulting in an increased permeability of the
cell wall and eventual cell death. The polyene antibiotics include amphotericin B, nystatin and
natamycin, whereas clotrimazole, econazole, ketoconazole, fluconazole and itraconazole are
the most used azole derivatives [132]. Clotrimazole, miconazole and ketoconazole have two
nitrogen molecules; fluconazole and itraconazole are called triazoles because of the presence
of three nitrogen atoms in an azole ring [137]. Common antifungal agents used in the treatment
of fungal endometritis are reported in Table 2. Amphotericin B (100-200 mg), clotrimazole
(300-600 mg) and miconazole (500-700 mg) are active against Candida spp. , Aspergillus spp.
and other dimorphic fungi, and are the antifungal drugs generally in use by intrauterine
infusion. Nystatin (0. 5-2. 5 million UI) and fluconazole (100 mg) are active only against Candida
spp. [97]. Although many antifungal agents are available for intrauterine therapy, few data
are available about the disposition of antifungal drugs in endometrial tissue after oral admin-
istration. A recent study showed that the oral administration of fluconazole (14 mg/kg once,
followed by 5 mg/kg every 24 hours) resulted in mean plasma and endometrial tissue levels
above the minimal inhibiting concentration for Candida Albicans for the entire treatment period,
without potential sequel. Thus, oral fluconazole can be considered in a multimodal and
multidrug treatment protocol to treat fungal endometritis in the mare [137]. Knowledge of
commonly encountered fungi infecting the mare’s reproductive tract and their respective drug
susceptibilities should improve treatment efficacy in mares with fungal endometritis, when
culture results are not available or incomplete. A study reports that the spectrum of fungal
isolates from uterine samples from mares with reproductive problems includes 99 to 100% of
organisms susceptible to the polyenes, while response to the azoles varied from 47 to 81%.
Yeast isolates were 100% susceptible to the polyenes and least susceptible to miconazole (48%)
while isolates of mold with septated hyphae were most susceptible to natamycin (100%) and
least susceptible to fluconazole (0%). Results from this study suggest that polyenes are effective
against uterine fungal isolates in vitro and may be the empiric treatment of choice for fungal
endometritis, when cultural and susceptibilities examination are lacking. Furthermore,
resistance to specific azoles was also observed increasing over time [129].

The study about the potential use of chitin inhibitors for the treatment of fungal infections in
the horse gave contradictory results. These substances have insecticidal properties due to their
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ability to inhibit chitin synthesis, polymerization and deposition. It was supposed that they
might interfere with the formation of new chitin in the cell wall, but have no effect on the fungal
cell walls that have already formed. Thus, their potential effect may consist in the prevention
of a new fungal growth and, thus, reinfection. Lufenuron is an insecticide chitin inhibitor that
was evaluated as a treatment for endometrial fungal infections. Preliminary results were
promising, and intrauterine lavages, performed with lufenuron suspended in sterile saline
solution, were effective in eliminating fungal endometritis in four mares [144]. However,
further studies did not confirm the efficacy against Aspergillus spp. or Fusarium spp. in vitro
and indicated that very low concentrations in whole blood of horses were achieved after oral
administration [145]. Further investigations about the efficacy of chitin inhibitors are necessary
before they can be indicated for the treatment of fungal endometritis in the horse [136].

Another suggested protocol consists in morning lavage with 2% acetic acid solution followed
by intrauterine irrigation with the specific antifungal antibiotic in the afternoon. The length of
this therapy should be of 7-10 days. If uterine culture and cytology obtained in the first day
of the next estrus are negative, the mare is bred with the minimum number of insemination
and using sterile techniques and double-guarded pipette, to prevent accidental seeding with
organisms from reservoir sources [136].

The prognosis for future fertility of mares affected by fungal endometritis is guarded to poor.
The success of the therapy relies on the timely identification and treatment of delayed uterine
clearance, poor perineal conformation, or fungal colonization of the more distal reproductive
tract, the correct length of the treatment period, the appropriate choice and dosage of the
antifungal [132]. The uterine biopsy for many of these mares indicates significant fibrosis,
probably due to fungal infection, as well as to a previous bacterial infection and age-related
changes. Once the fungal infection is resolved, a uterine biopsy may be advised to quantify
the resulting uterine damage [136].

6. Conclusions

Endometritis is the butler of the equine reproduction, and it is the main suspect in all cases of
impaired fertility of the mare. Every year the literature is enriched by new interesting reports
about this subject, which throw even more light on the knowledge of its pathogenesis. The
events occurring during the uterine inflammatory response are complex and intertwined. A
thorough understanding of the physiological response to uterine contamination, which is
necessarily correlated with the act of the insemination, may allow timely identification of
susceptible mares, in which these mechanisms get jammed within the first hours after
breeding. Type and dose of treatments, as well as timing of administration, should be correctly
targeted towards susceptible and/or affected mares to optimize the results and reduce the cost
and the resources used. Continued research is welcome in this area of equine medicine, so that
treatment strategies can be further improved.
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Abstract

The reasons concerning losses during the first months of pregnancy has special impor-
tance in equine reproduction. Most of these losses occur early in pregnancy and around
15-20% of mares that conceive will lose the embryo before day 50. Early pregnancy loss is
generally characterized by the sudden disappearance of the embryonic vesicle and is due
to different reasons. Several etiologies factors involving both the mother and the embryo
as, inflammatory and non-inflammatory endometrial disease, progesterone insufficiency,
maternal age, lactation, site of intrauterine fixation of the embryonic vesicle, stress, plane
of nutrition, season or climate, chromosome abnormalities or oocyte quality are some of
the factor listed. Abortion occurs from the first month of pregnancy to full term and may
be have an infectious or not origin. Causes of abortion include viral or bacterial infec-
tions, ingestion of mycotoxins, stress, gene mutations, Mare Reproductive Loss Syn-
drome, lack of sufficient nutrients and umbilical cord abnormalities. Some mares will
show signs of impending abortion but other mares will abort without warning. Prema-
ture labor, discomfort, unusual activity or having a vulvar discharge of the mare require
immediate attention. Pregnancy failure in mares represents a serious economic damages,
expectations, and potential genetic improvement. Therefore is absolutely important that
all losses are assessed for giving an appropriate treatment, and for preventing current
and future losses.

Keywords: equine, mare, pregnancy, fetal loss, abortion

1. Introduction

1.1. Pregnancy loss in mares

In equine normal pregnancy, parameters include a gestation length of 330-340 days, an
umbilical cord with a length of 36-84 cm and a placental weight (thoroughbred) of 5.7 + 0.08
kg, or 11% of the foal’s body weight. The fail of fertilized eggs to result in a live foal about 11
months later is one of the more frustrating aspects of horse breeding [1, 2].

I m EC H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited. (e NN
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In mares, abortion is defined as the failure of the fetus before it reaches the 300-day gestation
period. A dead foal, either during or at the end of the pregnancy, may result from a diversity
of reasons. Infectious agents, such as bacteria, viruses or fungi, or other “causes”, can attack
the fetus or fetus membranes, causing fetal death and expulsion. These “causes” are attribut-
able to the mare, fetus, or external factors, including twinning, hormonal deficiencies, con-
genital anomalies, ergot alkaloid toxicity, or ingestion of tent caterpillar setae [3, 4].

Most of the losses occur in the first 35 days of pregnancy and the embryo is resorbed, after
which the mare may come back into heat at a longer interval after the last estrus. In fact, around
20% of mares that conceive will lose the embryo before day 50. Older mares and mares with
uterine inflammation have an increased risk of early embryonic loss. Stress and other diseases
also may increase the rate of early embryonic loss. If the embryonic loss is detected, the mare
can be served again later in the breeding season [5, 6].

If the abortion cause is bacterial, fungal, viral, hormonal, stress-induced, or the result of
twinning, will appear to be spontaneous with symptoms of the contributing cause, which
sometimes, do not have time to develop fully. Therefore, premature labor, discomfort, unusual
activity, bagging up or having a vulvar discharge of the mare require immediate attention,
and actions should be taken to safeguard the health of the mare and, if possible, the foal [7].

1.2. Early embryonic loss

In the mare, early pregnancy failure corresponds to the time of transition from the embryo
stage to the fetal stage of conceptus development [6]. Early pregnancy loss is generally
characterized by the sudden disappearance of the embryonic vesicle between ultrasound
examinations. However, signs of impending embryonic loss can be detectable with transrectal
ultrasonography. Usually, there are different signs which include the following: irregular
shape of an embryonic vesicle, prolonged mobility of a vesicle beyond day 16, excessive
endometrial edema, an undersized vesicle, loss of embryonic heartbeat, detachment of a vesicle
with fluid loss, increased echogenicity of fluid within the conceptus, or abnormal development
of the embryonic membranes [5].

Ultrasonography provided an early diagnosis of pregnancy (day 12th-14th postovulation) and
important information about the development of embryo and embryonic death. Thus, under
field conditions, this method allows direct assessment of the conceptus viability during
approximately three-quarters of the interval when early embryonicloss occurs. The incidence
of embryonic loss is generally in the range of 5-15%; however, foaling rates decline with
maternal age after 14-16 years[8]. Thus, in mares over 18 years of age, the highest embryonic
loss rates (20-30%) can be detected[9].

During the first stages of embryo development (fertilization to day 10th), several studies
estimate that the embryonic loss rate were 9% for young mares compared to 60-70% for aged
mares[10-12]. Thus, blastocysts recovered from the uterus of aged mares have more
morphological defects, and fewer of them survive after embryo transfer to healthy recipi-
ent mares [13, 14].
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The interval between day 2 and 4 might represent a critical period in pregnancy failure in
aged mares. This finding indicates that pregnancy rates at day 2 were similar in young and
aged mares; by 4 days after fertilization, there was a significant reduction in pregnancy rates
in aged mares [10]. The equine embryo resides in the oviduct for 6 days and reaches morula
or early blastocyst stage of development before entering the uterus. Therefore, there are a
number of important events that occur during oviductal transit that could affect embryonic
survival. During this time, early blastomeres cleavage progresses to further differentiation
resulting in compaction, blastulation, and initial formation of the inner cell mass and
trophoblast. Likewise, the embryonic genome is activated, and the transition from mater-
nal to embryonic control of development has been proposed as a critical juncture in embry-
onic development [15]. Differences in proteins synthesized and secreted in vitro by explanted
oviductal tissue have been reported and demonstrated that both qualitative and quantita-
tive differences in the patterns of proteins from oviductal epithelium were detected be-
tween young and aged mares [16].

Several etiology factors have been described as responsible for early embryonic loss in mares.
Vanderwall[9] discussed several etiology factors involving both the mother and the em-
bryo. Thus, inflammatory and non-inflammatory endometrial disease, progesterone insuffi-
ciency, maternal age, lactation, site of intrauterine fixation of the embryonic vesicle, stress,
plane of nutrition, season or climate, chromosome abnormalities, and oocyte quality are some
of the factor listed.

Related to oocyte quality, mare age-related decline in oocyte quality is a major factor in the
reduced fertility. In an in vitro studies [15], oocytes from aged mares reached metaphase II
at a much lower rate than did oocytes from younger mares, with more oocytes from older
mares arresting at metaphase I. This suggests that meiotic division of oocytes from older
mares is more likely to be abnormal. In a report of Carnevale and Ginther[17], using gamete
intrafallopian transfer studies, oocytes were collected from both young and aged mares and
transferred into the uterine tube of young recipient mares. The results of this experiment
inform that oocytes from aged mares resulted in significantly fewer pregnancies than those
from young mares after transfer to the uterine tube of a young recipient mare. Mitochon-
dria from in vitro matured oocytes from aged mares also demonstrated more ultrastructur-
al abnormalities, suggesting that it may be an important underlying factor associated with
reduced oocyte quality[18].

Prolongation of the follicular phase in aged mares is associated with an elevation of both
Follicle Stimulating Hormone (FSH) and Luteinizing Hormone (LH), and this prolonged
follicular development is related with an increased incidence of abnormal oocytes[19].
Different reports show that in mares, aging of the oocyte subsequent to ovulation results in
a decline in pregnancy rates, a delayed embryonic development, and possibly an increased
rate of subsequent embryonic loss [20, 21].

Endocrine factors, such as progesterone, have also been cited as a potential factor contribu-
ting to reduced fertility or early embryonic loss in mares[16, 22, 23, 24]. Progesterone is the
hormone whose function is to prepare the uterus for the reception and development of the
fertilized egg. In most animals, this hormone is produced primarily by the corpus luteum of
pregnancy. The corpus luteum is constituted of specialized cells (small and large cells) that
produce progesterone. In the horse, in case of pregnancy, the corpus luteum produces enough
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progesterone to maintain the gestation for only 40-50 days. Around this time, the "endome-
trial cups" develop in the uterus. These structures produce and secrete equine chorionic
gonadotropin (eCG), a hormone that stimulates the production of additional progesterone
by the ovary. These “extra” progesterone is required to maintain pregnancy into the fourth
or fifth month of gestation[25]. Until day 40 of the embryonic period, progesterone is
produced solely by the primary corpus luteum that is formed at the time of the initial
ovulation. Minimal accepted concentrations of serum progesterone vary according to the
laboratory or study reported; however, values between 2.0 and 4.0 ng/mL are typically used
as the minimal serum progesterone concentration during early gestation [22, 26].

Maternal recognition of pregnancy involves an interaction between the conceptus and the
uterine environment, which lead early conceptus development and implantation. Also is used
to refer to the physiological process by which the lifespan of the corpus luteum is pro-
longed. During the estrus cycle, an increase in the secretion of prostaglandin can be ob-
served 14 days after ovulation, which promotes lysis of the corpus luteum[27]. According to
this, the pregnancy recognition signal has to be present on or before day 14 of pregnancy. In
this regard, a study conducted with conceptuses collected 14 days after ovulation were placed
in dialysis bags permeable for substances of different molecular weights and co-incubated
with endometrial explants. These results indicate that prostaglandin inhibitory factor is a low
molecular mass (3-10 kDa) proteinase K-resistant substance that may be adsorbed by dextran-
coated charcoal [28].

Lysis of the corpus luteum associated with failure of maternal recognition of pregnancy can
lead to early embryonic death[29, 30]. Failure of the embryo to block luteolysis has been
identified in mares with embryonic loss prior to day 20 and was characterized by the presence
of embryonic vesicles that were too small for days of age and by failure of fixation. In these
mares, serum progesterone concentrations were lower at days 12, 15, and 18[31].

1.3. Abortions

Causes of abortion in mares include viral diseases, ingestion of poisonous plants, mycotox-
ins, bacterial infections, stress of either the mare or the fetus, gene mutations, mare reproduc-
tive loss syndrome (MRLS), and lack of sufficient nutrients to support the fetus, especially
in the case of twins [32, 33].

Umbilical cord abnormalities also cause abortion. Those abnormal conditions of the cord,
which can produce potentially lethal problems in the fetus, are usually associated with
excessive length and include strangulation of the amniotic portion of the cord around parts of
the fetus and excessive torsion of the amniotic part of the cord with urachal and vascular
obstruction [34].

1.3.1. Infectious causes of abortion

Over the past 6 years, infectious abortions have accounted for approximately one-third of all
abortions diagnosed. Equine herpesvirus (EHV-1) is the major infectious agent, accounting for
18% of all abortion diagnoses [35].
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1.3.1.1. Viral abortion
Equine herpesviruses

Five, equid herpesviruses (EHV) have been identified and are known to infect the horse. Of
these, equid herpesviruses 1 and 4 are the most important for horse industries worldwide
based on their veterinary medical and economic consequence. Equid herpesvirus 1 (EHV-1)
or abortion virus is most often related with abortions, whereas equid herpesvirus 4 (EHV-4)
or rhinopneumonitis virus is associated with respiratory disease in colts. Beyond, both virus
subtypes have the potential to cause respiratory disease and abortion [36].

Equid herpesvirus 3 is the cause of equine coital exanthema. This is contagious venereally
transmissible disease affecting the external genitalia of the stallion and the mare, but there is
no evidence implicating the virus in infertility or abortion in the mare [37, 38]. Equid herpes-
viruses 2 and 5 are gammaherpesviruses that have been associated with different clinical
manifestations in the horse, such as upper and lower respiratory disease [39], keratoconjunc-
tivitis[40], chronic follicular pharyngitis, and poor performance [41].

Equid herpesviruses 1 and 4 were originally considered subtypes of one virus EHV-1[42]. For
both viruses, the natural host species is the horse and in this situation both are genetically
stable[43]. However, EHV-1 can infect cattle, cervids, camelids, and laboratory mice [44, 45].
Likewise Equid herpesvirus 1 is considered as the principal cause of contagious abortion in
mares in many countries [43]. Another clinical outcome of EHV-1 infection is a neurological
syndrome, specifically a myeloencephalopathy[46] and also has been linked to a fatal non-
neurological syndrome characterized by a multisystemic vasculitis, severe pulmonary edema,
and a mild enterotyphocolitis[47].

Transmission of EHV-1 and EHV-4 takes place primarily by the respiratory route. This is
consequence of direct or indirect contact with nasal or conjunctival secretions of infected
animals, aborted fetuses, placental membranes, and fluids. Transplacental transmission may
occur in the case of EHV-1 and not often for EHV-4. In the case that these type of transmission
occurs, usually result in abortions in the last trimester of pregnancy [48].

Most abortions due to this virus occur between 8 and 11 months of gestation, although they
may occur as early as 5 months. Once the virus reaches the pregnant uterus, it infects endo-
thelial cells of the uterine vascular layer causing endometrial vasculitis. This causes the damage
of the endometrium and the chorioallantoic membrane. At the same time, this leads to
thrombosis of the affected vessels of the placenta[3, 49, 50].

The severity and the extent of thrombosis determine whether the abortion occurs or not. In
those areas where thrombotic lesions are focal and not widespread, the virus is transmitted to
the fetus by infected fetal leukocytes, causing widespread in many tissues necrotic lesions. At
the same time, a local edema develops in the maternal-fetal interface, resulting in premature
separation of the chorioallantoic membrane from the endometrium. The final result is abortion
with the fetus and placenta positive for the virus. However, in cases of extensive thrombotic
lesions, placental ischemia occurs rapidly with premature separation of the placenta and
abortion. In such circumstances, the virus has not had enough time to invade the fetus and
therefore the placenta, but not the fetus is positive for the virus[51].
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Infected mares during early pregnancy, no induction of abortion before the fifth month of
pregnancy is attributed to the fact that endometrial vascular changes and expression of viral
antigen on endothelial cells, are significantly lower than those observed in mares infected later
in pregnancy [52]. Mares exposed very late in pregnancy to EHV-1, may not abort, however,
will give birth to a congenitally infected live foal. In some cases, the foal will be born alive at
term and will die shortly after birth due to infection by the virus. The abortion rate may
approach 100% in a herd of susceptible mares [36].

Abortion due to EHV-1 or EHV-4 has no adverse effect on the subsequent fertility of the mare.
Viruses cannot be detected in the mare’s uterus beyond 48 hours after abortion of an infected
fetus. Mares rarely abort from virus in successive years but may abort later in their reproduc-
tive life if reinfected during pregnancy [53, 54].

The family of herpesviruses has the ability to persist in the body of its host in a latent state as
a carrier no apparent after primary infection. In a time that can vary from months or years after
primary infection, latent herpesvirus can manifest itself again with renewed replication and
with the possibility of starting new outbreaks of the disease in their host, as well as stable mates
susceptible. Consequently, it is the existence of these latently infected carrier horses, from
which the virusis reactivated by stress-induced circumstances and provides the means to infect
other individuals, which starts a new occurrence of this disease[36].

Equine arteritis virus

Equine viral arteritis (EVA) is an infectious disease of equids that is caused by equine arteritis
virus (EAV). EVA occurs throughout much of the world, although the prevalence varies greatly
between countries and among horses of different breeds [55]. EAV is the prototype virus in
the family Arteriviridae, a grouping that also includes porcine reproductive and respiratory
syndrome virus, simian hemorrhagic fever virus, and lactate dehydrogenase-elevating virus
of mice [56, 57].

EAV was first isolated in 1953 from the lung of an aborted fetus after an extensive outbreak of
respiratory disease and abortion on Standardbred mares. EVA was distinguished from equine
influenza and equine herpesviruses type 1 and type 4 [58, 59]. EVA was identified as an
etiologically distinct disease after isolation of the EAV and description of characteristic
vascular lesions [60].

The majority of EAV infections are subclinical, but occasional are characterized by any
combination of influenza-like illness in adult horses, abortion in pregnant mares, and inter-
stitial pneumonia in young foals [35, 61]. Abortion after infection of pregnant mares EAV is
the result of a lethal fetal infection. This is actually that leads to expulsion of the fetus, rather
than myometritis or damage to the placenta that affects the synthesis of progesterone. Aborted
fetus tissues contain high titers of virus than mares which aborted, indicating that substantial
virus replication occurs in the fetus. Is thought to the stress that results from fetal infection is
responsible for activating the hypothalamus-pituitary axis fetal, which induces abortion [62].

In pregnant mares, EAV-infected abortions are not preceded by premonitory signs and can
occur late in the acute phase or early in the convalescent phase infection. In the past after
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natural or experimental infection, abortions have been documented at 3 months to over 10
months of gestation [55, 59, 63, 64]. Abortion rates in outbreaks of EVA have varied from less
than 10% to more than 60%. While the abortive potential of different strains of EAV has not
been adequately compared, it appears that abortigenic strains differ in their potential as well
as their virulence characteristics [55].

During acute infection, stallions may undergo a period of temporary infertility associated with
decreased libido. Ejaculates may have decreased sperm motility, concentration, and percent-
age of morphologically normal cells. These changes can persist for 6-7 weeks after infection
and considered to be the result of increased testicular temperature instead of any pathological
effect induced by the virus. Semen quality is apparently normal in persistently infected
stallions, despite active shedding of virus into the semen [55, 65].

Transmission of EAV between horses occurs through either respiratory or venereal routes[55,
66]. EAV can also be transmitted by aerosol from urine and other body secretions of acutely
infected horses, infected respiratory tract secretions, aborted fetuses, and their membranes
[67]. Another important route of natural transmission of the virus is in the semen of stallions
that are either acutely or chronically infected. Persistently infected carrier stallions are the
essential reservoir responsible for perpetuation and maintenance of EAV in equine popula-
tions [66, 68].

Mares that become infected following natural or artificial insemination with semen collected
from shedding stallions can readily transmit the virus by the respiratory route to susceptible
partners in close proximity [69]. Also it has been demonstrated that under experimental
conditions, EAV can be transmitted to a recipient mares through embryo transfer from a donor
mare inseminated with EAV infective semen[70]. In mares infected with EAV in late gestation,
congenital infection of foals after transplacental transmission frequently develops a rapidly
progressive, fulminating interstitial pneumonia, and fibronecrotic enteritis [71, 72].

EAV appears to be restricted to the reproductive tract during persistent infection of carrier
stallions [55, 73]. Virus in semen is associated with the sperm-rich fraction and not with the
pre-ejaculatory fluid, and the titers of virus in sequential ejaculates vary little from the same
stallion. The mechanism of persistence of EAV in the male reproductive tract is not clear.
However, persistence of EAV in stallions is testosterone-dependent.

It has been shown that carrier stallions are clearly responsible for the generation of genetic
heterogeneity in field strains of EAV. Some reports indicate that sequence analyses of the
variable gene of strains of EAV present in the semen of carrier stallions showed that the EAV
acts as a population of genetically related viral variants during persistent infection. This
involves both genetic and phenotypic divergence virus[66, 74].

1.3.1.2. Bacterial abortions

Several species of bacteria have been implicated as causative agents of abortion and infertility
in mares. The most common causative agent of bacterial abortion in mares, belongs to the
group of streptococci. However, we have identified other groups of bacteria from aborted
fetuses, which include Leptospira, Nocardia, Klebsiella, and Staphylococcal species. Bacteria can
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be introduced at breeding, ascend through the cervix. Cervical incompetence and/or pneu-
movagina can predispose the mare to an ascending bacterial infection and abortion. The
bacterial infection may extent to the fetus itself and infect and damage a range of organs.
Abortion occurs following fetal death either from septicemia or by progressive placentitis and
subsequent placental insufficiency [75, 76].

As a consequence to bacterial abortion, retention of the placenta is often common as well as
the infection of the uterus (endometritis and/or metritis). Before a successful breeding,
treatment of the mare is often required. A good practice is to swab mares before breeding to
determine whether dangerous bacteria are present in the uterus. The veterinarian can advise
on the need to lavage the mare’s uterus with or without an antibiotic [7].

Streptococcal infections

The streptococci are Gram-positive, catalase-negative, facultative anaerobic, coccoid, or ovoid
bacteria. The numerous species of streptococci may be as a-hemolytic, f-hemolytic, and
nonhemolytic species. From all of them, Streptococcus equi subsp. zooepidemicus, S. equi subsp.
equi, and S. dysgalactiae subsp. equisimilis assume greater importance in equine medicine[77].

Streptococcus equi subsp. equi is the agent responsible for strangles, which is a highly contagious
infection of the upper respiratory tract and associated lymph nodes [78]. This streptococci enter
through the mouth or nose and attach to cells in the crypt of the tonsil and adjacent superficial
lymphoid nodules. Nasal shedding usually begins after a latent period of 4-14 days and ceases
between 3 and 6 weeks after the acute phase [79, 80]. Horses in the nearest postconvalescent
phase are resistant to experimental challenge even with numbers of S. equi exceeding those
required to produce the original infection[78]. Thus, almost 75% of horses develop a solid
immunity to strangles following recovery from the disease [81].

Streptococcus equi subsp. zooepidemicus shares very high DNA homology (>98%) with its clonal
derivative S. equi but differs in their biology and pathogenicity. Normally is a mucosal
commensal that opportunistically produces disease in situations of virus infection, heat stress,
or tissue injury. S. zooepidemicus is the most frequently isolated pathogen from the uterus of
the mare[82]. The clitoral fossa, clitoral sinuses, and the vagina have been suggested as possible
bacterial reservoirs [82, 83]. S. zooepidemicus is able to reach the uterus and pass the vulva, the
vestibulovaginal sphincter, and the cervix. Poor anatomical conformation of the internal and
external reproductive organs may impair these barriers and allow bacteria to ascend into the
uterus. Consequently, endometritis is caused by an ascending infection in a random manner
primarily governed by the uterine defense mechanisms of the mare [3, 84, 85]. Uterine infection
has been described to depend on factors related to the uterine defense mechanisms as well as
mare with advanced age, repeated history of unsuccessful foaling results also called “high-
risk mares”[84, 86]. Virulence factors, such as fibronectin-binding proteins [87], hyaluronic
capsule [88], M-like proteins [89], and Fc receptors, have also been identified [90].

A recent study of Rasmussen et al. [91] indicates that S. zooepidemicus-associated endometritis
in mares belongs to a genetically distinct subpopulation. These findings add a new perspective
to the pathogenesis of equine infectious endometritis. In this regard, it could not be caused by
rather probable pathogenic strains of more specialized endometrium random contamination
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S. zooepidemicus in the reproductive tract but flow. This indicates that not only the efficiency
of uterine defense mechanisms to determine if S. zooepidemicus establish an infection, but rather
to the interaction between strain of S. zooepidemicus and uterine defense mechanisms involved.
Contamination of the uterus also takes place during live mounting, artificial insemination, or
iatrogenically[86].

The normal habitat of Streptococcus dysgalactia subsp. equisimilis appears to be the skin and
mucosal surfaces. Therefore, it was considered to be an infrequent bacterium isolated from
horses and has been reported in horses from aborted placenta [75]. However, in a retrospective
study Erol et al. (2012), repot that Streptococcus equisimilis was recovered, fetal tissues, umbilical
cord and genital tracts of both foals and adult horses. These data comprise 74.8% of total sites
isolated for S. equisimilis. This records strongly suggests that S. equisimilis is mostly a repro-
ductive system agent. Also the results show that both S. equisimilis and S. zooepidemicus have
an ability to invade sterile organs such as brain, kidney, and joints suggesting they have similar
pathogenesis and tissue tropism.

Placentitis

Placentitis in mares is a potential threat because of the involvement of fetal and neonatal
viability. This disease is normally caused by bacteria rising through the vagina. The most
common pathogens implicated in equine placentitis are Streptococcus equi subspecies zooepide-
micus, Escherichia coli, Klebsiella pneumonia, and Pseudomonas aeruginosa[93]. S. zooepidemicus and
E. coli are able to cause acute placentitis with bacteremia during early and midgestation in
foals[34, 94].

Usually bacterial infection initiates disease; however, a work from an experimental model of
placentitis in pony mares showed that premature delivery may happen secondary to inflam-
mation of the chorion instead of as a consequence of fetal infection. It was suggested that these
inflammatory processes result in PGE2 and PGF2a, production and stimulation of uterus
contractility, resulting in premature delivery [95].

In some cases of placentitis (chronic cases), foals will suffer a faster fetal maturation. As a
consequence, these foals will be delivered prematurely, but will be mature enough to survive.
It has been demonstrated that, in humans, the indirect stimulation of the fetal HHG axis by
proinflammatory cytokines is responsible for advanced fetal maturation [96]. If this assump-
tion is true for equine fetuses, then the possibility of delaying preterm delivery sufficiently to
allow fetal maturation can improve survival rates colt. To achieve this goal, it is necessary to
diagnose and treat disease. Transrectal ultrasonographic examination of reproductive tract has
become a routine diagnostic tool for placentitis. This method allows direct examination of the
cervical region and also allows for evaluation of fetal activity, fetal fluid character, and
subjective amniotic evaluation. In the normal pregnant mare, the area visualized in the region
of the cervical is the combined uterine and placental unit.

Renaudin et al. [97, 98] developed the technique for evaluation of the combined thickness of
the uterus and placenta (CTUP) and established normal values in light-horse mares throughout
gestation. Thus, for 271-300, 301-330, and >330 days of gestation, normal concentrations for
CUTP were <8, <10, and <12 mm, respectively. However, during placental infection or
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inflammation, CTUP measures have increased, or membranes are separated from the endo-
metrium. Additionally, purulent material may accumulate in pouches between the chorioal-
lantois and the endometrium. Thickening of the amnion is also indicative of inflammation.
Throughout the gestation, the allantoic fluid is hypoechoic, whereas amniotic fluid is slightly
more echodense. Normal, fetal activity can shake cellular material and change the character-
istics of the fluid. Fluids that persistently increased echodensity have increased cellularity due
to infection or inflammation. For that reason, successive ultrasound examinations are essential
to determine whether fluid character changes are pathologic or not [99].

Placental membrane integrity and thickness and fetal fluid are evaluated using transabdominal
ultrasonography. Since the chorioallantois is intimately associated with the endometrium, it
cannot be easily identified as a separate structure from the transabdominal procedure. Mares
with normal pregnancies should have a minimum CTUP of 7.1+1.6 mm and a maximal CTUP
of 11.5+2.4 mm[100]. Evaluation of the caudal allantochorion is inaccurate using the transab-
dominal approach. However, transabdominal assessment of fetal membranes is useful for
recognizing placental abnormalities in mares with placentitis. Thus, mares infected with
bacteria will often exhibit placental separation and purulent debris at the base of the gravid
horn [101].

Ultrasound techniques, combined with endocrinological assays, provide additional tools for
early diagnosing and progression of placentitis in mares. Pregnant mares with signs of
placentitis should be treated with systemic broad spectrum antibiotics and anti-inflammato-
ries. Different researchers [99, 102] informed that the administration of penicillin (22,000
IU/kg, q 6 hours), gentamicin (6.6 mg/kg, q 24 hours), and trimethoprim sulfamethoxazole (30
mg/kg, BID) resulted in inhibitory concentrations (MIC) of these drugs in allantoic fluid and
placental tissue of pregnant pony mares. Similarly, another observation suggests that long-
term therapy with a combination altrenogest (0.088 mg/kg), flunixin meglumine (1.1 mg/kg
BID), and pentoxifylline (8.4 mg/kg BID) and antibiotics have a positive influence on pregnancy
outcome with delivery of healthy foals [103].

Most placental lesions are observed by transrectal ultrasonography as over 90% of cases are
caused by ascending infections. In cases of Nocardioform placentitis, changes in the placental
unit may be seen transrectally or transabdominally by ultrasound, especially in the cervical
region. The CTUP should be measured in the ventral portion of the uterus, just cranial to the
cervix. The CTUP increases from a mean of 4.0 mm between 4 and 8 months of gestation to
1.0-1.2 cm at term [104]. A CTUP greater than 1.2 cm at 9 months of gestation or a CTUP greater
than 1.5 cm at 11 months should be associated with placentitis[105, 106]. Usually, the fetal
membranes may separate from the uterus and pus may be visualized swirling between the
membranes and uterus [107]. In case that mares show premature udder development without
a vaginal discharge should be evaluated by transabdominal ultrasonography for twins and
Nocardioform placentitis. Uterine infections caused by Nocardioform bacteria, an organism
that resides in the soil, frequently result in abortion or premature delivery [108].

Mares with placental pathology may have increased plasma concentrations of progestagens
as a result of stress to the fetal placental unit. Fetal-placental progesterone is rapidly metabo-
lized to 5a-pregnanes. Unfortunately, 5a-pregnanes are not readily assayed in a commercial
setting, so diagnosis of placental disease using 5a-pregnane concentrations is not possible.
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This progestins cross-react with the progesterone antibody used in commercial radioimmu-
noassay and enzyme-linked immunosorbent assays and can be measured in the maternal
circulation in late gestation [109, 110]. Also, subnormal plasma relaxin concentrations were
detected in mares with abnormal pregnancies [111]. Mares with clinical signs of placentitis and
mares exhibiting signs of fescue toxicosis had suppressed plasma relaxin concentrations.
Furthermore, sensitivity assays can be improved when combined with evidence of placental
thickening as detected using transrectal ultrasonography [112].

Unfortunately, many mares do not exhibit classical signs of infection, premature udder
development, and a vaginal discharge, so infections are commonly missed. Mares having
vaginal discharge with or without udder development should be examined ultrasonographi-
cally[108]. A weak foal resulting for a premature delivery is devastating to horse owners. Most
of these foals, if they live, never have productive performance, even if they receive the best
neonatal care. The most important cause of premature delivery is placentitis due to it accounts
for nearly a third of late-term abortions and fetal mortality during the first day after foal[113].
Placentitis affects approximately 3-7% of pregnant mares, the value of the foals, both eco-
nomically and emotionally, makes this an important disease to study [108].

Mares most commonly afflicted are pluriparous. Many have anatomical defects of the caudal
reproductive tract, such as pneumovagina, vestibule-vaginal reflux or cervical fibrosis, tears,
or adhesions. Some, but not all mares, exhibit a vaginal discharge and develop an udder
premature in response to placentitis. Management of mares at risk of abortion owing to
placentitis is directed at prolonging pregnancy because chronic placentitis has been associated
with accelerated fetal maturation. A foal may be born significantly premature and survive with
limited neonatal care, if premature birth can be delayed for a few weeks after placentitis
develops [107, 114].

Treatment protocols designed for prolonging gestation and for producing viable foals are
currently being studied in experimental models [114, 115]. Induction of parturition prema-
turely with the expectation of delivering a mature foal is not an option because fetal maturation
only occurs in the last 5 days of gestation and gestation length varies widely from 320 to 365
days. Removing the fetus from its dam’s uterus before its final maturation will result in a
premature foal that usually will not survive even with the best of neonatal care. So inducing
precocious maturation of the fetus with corticosteroids has been considered a risk and not
reliable in mares. Although data are limited, large doses (100 mg q 24 hours for 3 days) are
necessary, and laminitis can be an important sequel [116].

Leptospira infections

Leptospirosis is a bacterial disease of worldwide distribution caused by spirochetes of the
genus Leptospira. The first report of naturally occurring leptospirosis in horses was done in
Russia by Lubashenko and Novikova in 1947. Leptospira infection in horses is manifested as
either abortion or recurrent uveitis although sporadic cases of renal and hepatic disease have
also been reported [117, 118].

Leptospires are motile bacteria called spirochetes. The order Spirochaetales includes two
families of spiral bacteria, Spirochaetaceae and Leptospiraceae, which share unique morphologic
and functional features. The genus Leptospira includes a large number of both pathogenic and
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nonpathogenic bacteria. Morphologically, all the leptospires are flexible, tightly coiled,
unicellular bacteria and can be are grouped into serogroups, serovars as well as genotypes
based on DNA homology. The serovars pomona, grippotyphosa, hardjo, bratislava, canicola, and
icterohaemmorhagiae are the ones we are most interested in. Leptospires are very common in
domestic and wild animals and can also infect humans. Leptospirosis is maintained in nature
by subclinically infected maintenance hosts, also known as reservoir hosts or definitive hosts,
such as deer, raccoons, or rodents [119, 120]. Leptospires can invade the mucous membranes
and/or damaged skin and migrate to various body organs of an incidental host[121].

Leptospirosis has been confirmed as a significant cause of abortion, stillbirth, and perinatal
death in horses in locations worldwide [36, 122]. For most serovars of Leptospira, horses are
incidental hosts. Although there are evidence suggesting that as in other farm animals (cattle
and pigs), horses may be a maintenance host for L. interrogans serovar Bratislava [123].

Multiple serovars of Leptospira have been associated with abortion, with serovar Pomona type
kennewicki being among the most common[124, 125]. In this regard, some reports indicate
that the genotype kennewicki of the pomona serogroup was responsible for 86% of the
abortions. However, the genotype grippotyphosa was responsible for only the 8% of abortion
in mares [126]. The authors indicated that mammal of the raccoon family (Procyonidae) is the
maintenance host for grippotyphosa, whereas the maintenance host for kennewicki has not
been determined. Also mixed infections with multiple serovars have been reported[127].

Most leptospiral abortions occur between 6 and 9 months of gestation. The affected placenta
is thick, edematous, hemorrhagic and could be covered with a brown mucoid material on the
chorionic surface. However, occasionally, the affected placenta lacks detectable gross lesions.
In some cases, a green discoloration or cystic adenomatous hyperplasia of the allantois is
observed, and it has also been described funisitis or inflammation of the umbilical cord [119,
128]. Several serovars of Leptospira have been isolated from aborted equine fetuses. The fetus
may present with mild to moderate icterus and liver enlargement. Fetal histopathologic lesions
may include various degrees of nephritis and hepatitis[119, 129].

Clinical presentation of bacterial abortion is preceded by vaginal discharge and premature
lactation. Mares with these symptoms should be considered high risk and should be required
for detailed fetoplacental evaluations. The appearance of the placenta following a bacterial
abortion can vary from minimal alterations in acute cases to a thickened, edematous placenta,
either generally or in localized areas. The chorionic surface is often brown and covered in
exudate [130].

1.4. Noninfectious abortion

1.4.1. Abortion due to twinning

In horse breeding, twins are not good news and are well known that the birth of healthy twin
foals is unusual. The origin of equine twins is almost exclusively dizygotic originated from
two separate fertilized oocytes with two different spermatozoa. A strong association between
twinning rate and breed, age, reproductive status, season, use of drugs to control ovulation
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has been reported. Twinning also appears to have a high degree of repeatability and
heritability [131].

Compared with other breeds, more twins are diagnosed per cycle in Thoroughbreds mares
[132]. Twinning rate is also more common in older mares than younger mares[133]. Similarly,
fewer multiple ovulations are expected on the first postpartum estrus compared to other cycles
[6]. As well as multiple pregnancies are more commonly detected when ovulation induction
was used [134].

It is generally accepted that the inability of a mare to successfully carry twin foals to term is
due to placental insufficiency. In twin pregnancies usually, one fetus develops more rapidly,
progressively assuming the major portion of the maternal blood supply and causing the other
fetus to die from lack of blood. In other words, insufficient fetal membranes are produced to
accommodate and provide nutrition to two developing fetus. Therefore, the death of one fetus
usually results in the abortion of both. Abortion due to twinning is most common between the
5th and 9th months [135].

Most twin pregnancies terminate in early fetal resorption or loss, late-term abortions, or the
birth of small growth retarded foals. The mare is very efficient at reducing twins to a single
pregnancy. In some cases, one twin dies and becomes mummified, allowing the other twin to
continue to develop and be maintained to term. In case of resorption, the reduction is reached
by a competitive absorption of nutrients that is related to size and position of the early
pregnancy and later to orientation of the embryo proper within the developing conceptus[6].
However, the resolution of twins by the application of any nonintervention program depends
on the age at identification, the orientation of the vesicles, and any disparity in size[136].

With the common use of ultrasound in equine practice, twin pregnancies are now commonly
detected early and dealt with. Mares with a history of producing twins should have an
ultrasound pregnancy test preferably between 14 and 16 days after the last service, and then
one embryo can be destroyed so that the other can continue to develop normally. The mare is
very efficient at reducing twins to a single pregnancy. Due to this, sometimes one twin will
fail to develop and be resorbed without any veterinary intervention[6].

Mares aborting twins in late gestation frequently have foaling difficulties, damage their
reproductive tracts, and are difficult to rebreed. Few twins can carry to term and survive.
Complications that can arise with late-term abortion of twins or delivery of twins at term
include dystocia, retained placenta, delayed uterine involution and metritis, and death of one
or both twins [137]. If foals born alive, they are frequently small, demonstrate the effects of
intrauterine growth retardation, and have a poor survival rate, with many needing expensive
sophisticated critical care[93].

1.4.2. Umbilical cord torsion

Primary umbilical torsion is the most commonly diagnosed condition of the noninfectious
causes of abortion [35]. Torsion, or strangulation of the umbilical cord, is said to be the cause
of fetal deaths and abortions in the later stages of pregnancy. Excessive twisting or wrapping
of cord around the limb of the fetus cause vascular obstruction in the umbilical cord resulting
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in the death of the fetus. Equine fetuses are extraordinarily active and their movements can
result in 360° twisting of the amniotic and/or the allantoic parts of the cord[138]. Umbilical
torsion was observed in 19% of 515 cases submitted to the Animal Health Laboratory over six
breeding seasons[35]. Statistical reviews from Ricketts et al.[139] showed that umbilical cord
torsions resulting in vascular compromise and fetal death involved the 35.7% of abortion and
neonatal deaths and 46.2% of pre-term abortions, respectively.

In equine fetuses, sudden vascular compression/cord torsions tended to occur before signs of
urachal dilatation (urinary retention) developed at twist sites (5.5-7.5 months). Where urachal
dilatations had developed the pregnancies tended to continue up to 6-10 months [34, 35].
Fetuses dying in utero due to vascular obstruction in the umbilical cord are not usually aborted
immediately, so the tissues display variable degrees of autolysis when aborted. Cord lesions
include local intimal or medial vascular wall tears and associated intramural and stromal
hemorrhages, local edema even sufficient to cause ‘stretch tears’ at the amniotic surface, and
small aneurysmal dilatations[34].

1.4.3. Fungal abortions

Fungal abortions are caused by fungi that produce mycotoxins in the class of chemicals called
“ergot” or “ergopeptine alkaloids”.

1.4.3.1. Ergot alkaloid toxicity in the late gestation

Different mycotoxins called ergot or ergopeptine alkaloids are produced for number of fungi,
both saprophytic and endophytic. Among the different animal species, sensitive to ergopep-
tine alkaloids is dissimilar. While mares are sensitive to at levels as low as 50-100 ppb, cattle
do not show visible signs until 1000-2000 ppb. These alkaloids have toxic effects on the
reproductive tract and mammary gland of the mare, and also they have been associated with
depression of serum prolactin (PR) and progestagens (P4), prolonged gestation, thickened
edematous placenta, and agalactia. The ergopeptine interfere with the normal rise of P4 and
PR in the last 40 days of gestation. The normal P4 levels increase from 300 days to birth (4.8 +
1.5 to 22.7 + 2.7 ng/mL). Foals born without the normal increases in progestagens suffer
hypoadrenocortical function with the consequence of being born smaller, weak, or still-
born[140].

1.4.3.2. Fescue toxicosis

Fescue toxicosis in horses is caused by an endophytic fungus infection of tall fescue grasses
(Festuca arundinacen). Fescue toxicity is the form of ergot alkaloid toxicity by the endophytic
fungus Neotyphodium coenophialum (formerly called Acremonium coenophialum). It lives
inside the plant, between the cells, and produces ergot alkaloids, resulting in the disease
condition called fescue toxicity [141].

Ergotism is the clinical syndrome of ergot poisoning caused by Claviceps purpurea fungus. It is
a saprophytic fungus that infects cereals, using the plant’s nutrients. Claviceps purpurea can live
on a variety of hays and pasture grasses, including bluegrass, barley, and cereal rye [141]. It
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has been demonstrated that three classes of alkaloids, including the ergovaline, lolines, and
peramine, are produced by the fungus and play a potential role in affecting animal perform-
ance [142].

Signs commonly associated with mares consuming infected fescue are prolonged gestation,
agalactia, increased foal and mare mortality, dystocia, tough and thickened placentas, weak
and dysmature foals, reduced serum progesterone and prolactin, and increased serum
estradiol-17[3. These chemicals cause dystocia in mares and deaths of foals. An early study by
Garrett et al. [143] shows the relative incidence of 38% prolonged gestation, 18% abortion, and
9% thickened placentas in mares with fescue toxicosis.

In cattle and horses, toxins have vasoconstrictive effects on the vascular system. The ergopep-
tine alkaloids are agonists of the dopamine D2 receptors. Thus, under the reproductive point
of view, the consequence of dopamine is the inhibition of prolactin. Decreased prolactin
concentrations are a main physiological aspect in the pathogenesis of the absence of milk
production (agalactia) and decreased mammary gland development in mares [144].

Another effect of exposure of these toxins is the abnormal production by the placenta of P4
that becomes depressed during the last 30 or 40 days of gestation. It was suggested that the
reason for this is lower placental production of P4, which inhibits adrenocorticotropic hormone
(ACTH) secretion in the fetus[140].

Additional effects of fescue toxicity on placental function are related to vasoconstriction [145].
This effect is principally important due to the nature of the fetal and maternal placenta, of
being an extensive vascular interface between them. Several placental lesions have been
reported in fescue toxicity, including edema, fibrosis, and mucoid degeneration of arteries.
The incidence of retained placentas is 62% in mares consuming fescue pasture grasses. The
primary clinical signs of ergot alkaloid poisoning in the late gestation include an extended
gestation length from 11 to 12 months; dystocia, with mares trying to foal for many hours;
agalactia with poor quality colostrum; "red bag" placentas from premature separation; thick
edematous placentas with weights that exceed normal; and weak or dead foals with aspiration
pneumonia, as consequence of a thickening of the placenta [146].

1.4.4. Mare reproductive loss syndrome

Mare reproductive loss syndrome or MRS was identified in early fetal losses (40-100 day) plus
late-term abortions and the birth of weak foals, many of which died, with no immediate
explanation for the cause [147].

Based on pathological examination, the cause of MRLS is not always identifiable. However, a
number of disease conditions can be eliminated as possible causes of the syndrome. The main
pathological findings in MRLS fetuses were the inflammation of the umbilical cord (funisitis),
pneumonia, bacterial infection, and hemorrhages. The bacterial infection in aborted fetuses
represents an ante mortem event, and most of the pathological lesions could be attributed to
this origin. According to the literature, it could not be determined whether the bacteria are the
primary cause of abortion or just represent a secondary opportunistic infection[148].
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Pericarditis is another pathological finding associated with MRLS. Actinobacillus spp. are the
most commonly reported isolates from pericardial fluid of horses with bacterial pericardi-
tis. In other reports unrelated to MRLS, Streptococcus spp., Pasteurella multocida, Staphylococ-
cus aureus, Pseudomonas spp., Acinetobacter, and Enterococcus faecalis were isolated in some
cases [149].

MRLS caused abortion in early pregnancy, and even though the abortion happened with 2
months remaining in the breeding season, only rarely were these mares able to get back in foal.
The primary reason for these mares not becoming pregnant is due to the presence of eCG
(equine chorionic gonadotrophin) in their circulation implying that mares not cycle normally.
The eCG levels are maintained due to the presence of endometrial cups produced by the
placenta before the pregnancy loss [150].

In case of parturition, the delivery was characterized as “red bag” in 32% of the cases, indicating
that the allantochorion was presented and passed concurrently with the fetus. This high
incidence of red bag delivery indicates a possible premature placental separation, suggesting
placental injury or problem with placentation. There are no pathognomonic findings or
individual diagnostic tests that allow diagnosis of abortion by MRLS. Diagnosis of abortion or
stillbirth related to MRLS is based on a combination of several factors, such as history, time of
year, bacteriologic results, and the above-described pathological findings[147].
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