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Overview
Infertility, which is defined as the
inability to conceive after�12months of
regular unprotected sexual intercourse,
is a common public health concern
worldwide. Globally, 9% of
reproductive-aged women, including
nearly 1.5 million women in the United
States, are infertile.1,2 The burden of
infertility is inordinately higher among
women in developing countries; in some
regions of south and central Asia, sub-
Saharan and northern Africa, the Mid-
dle East, and eastern Europe, infertility
rates can reach up to 30% in
reproductive-aged women.3 The
inability to conceive not only creates a
considerable cost burden for patients
and the health care system but is also a
major psychological stressor for millions
of couples.4 In many areas of the world,
especially in low- and middle-income
countries where having biological chil-
dren is highly valued and expected of

couples, involuntary infertility can lead
to stigmatization, economic deprivation,
social isolation and loss of status, public
shame and humiliation, and in some
cases, violence.5,6 Female infertility may
be attributed to a number of factors,
typically divided into endocrine, vaginal,
cervical, uterine, tubal, and pelvic-
peritoneal factors, and although esti-
mates vary, approximately 15-30% of
cases still remain unexplained.7 Further
insight into the causes of infertility is
necessary to help alleviate this multifac-
torial burden on society.
Tubal factor infertility (TFI) ranks

among the most common causes of
infertility, accounting for 30% of female
infertility in the United States, and is
even more prevalent in certain commu-
nities.8 Paralleling the aforementioned
global infertility disparity, TFI is
disproportionately common in women
in developing countries; for example, it
has been shown to account for >85% of
female infertility cases in regions of sub-
Saharan Africa, compared to 33% of
cases worldwide.3 Most cases of TFI are
due to salpingitis, an inflammation of
the epithelial surfaces of the fallopian
tubes, and subsequent pelvic-peritoneal
adhesions, both of which are most
commonly caused by previous or
persistent infections.9,10 Bacteria ascend

along mucosal surfaces from the cervix
to the endometrium and ultimately to
the fallopian tubes. This causal pathway
presents itself clinically as acute pelvic
inflammatory disease (PID), which in
turn is strongly associated with subse-
quent TFI. In fact, approximately 15% of
women with PID develop TFI, and the
number of episodes of PID a woman
experiences is directly proportional to
her risk of infertility.11,12 However, the
majority of womenwith TFI do not have
a history of clinically diagnosed acute
PID, but rather develop asymptomatic or
minimally symptomatic salpingitis as a
result of upper genital tract infection.9,13

Examining the effect of those infections,
particularly those that occur in the
absence of clinically evident PID, is
critical to understanding TFI.

Several sexually transmitted diseases
(STDs), including Chlamydia trachomatis
and Neisseria gonorrhoeae, have been
widely studied to understand their role in
salpingitis and infertility. Additionally,
several other pathogens such as Myco-
plasma genitalium, Trichomonas vaginalis,
and other microorganisms within the
vaginal microbiome, may also play roles
in tubal damage and other potential cau-
ses of infertility. Still, data suggest that not
all infections yield the same long-term
sequelae. The roles of different STD
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Female infertility, including tubal factor infertility, is a major public health concern
worldwide. Most cases of tubal factor infertility are attributable to untreated sexually
transmitted diseases that ascend along the reproductive tract and are capable of causing
tubal inflammation, damage, and scarring. Evidence has consistently demonstrated the
effects of Chlamydia trachomatis and Neisseria gonorrhoeae as pathogenic bacteria
involved in reproductive tract morbidities including tubal factor infertility and pelvic in-
flammatory disease. There is limited evidence in the medical literature that other sexually
transmitted organisms, including Mycoplasma genitalium, Trichomonas vaginalis, and
other microorganisms within the vaginal microbiome, may be important factors involved
in the pathology of infertility. Further investigation into the vaginal microbiome and other
potential pathogens is necessary to identify preventable causes of tubal factor infertility.
Improved clinical screening and prevention of ascending infection may provide a solution
to the persistent burden of infertility.
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pathogens, co-infections, and interactions
with host characteristics, including their
individual vaginal microbiome, may all
affect a woman’s subsequent ability to
conceive. While screening and treatment
efforts for C trachomatis and N gonor-
rhoeae have been developed to reduce the
incidence of PID and subsequent TFI,
additional data are needed to determine
the role of other potential pathogens and
whether early detection can prevent tubal
damage. In this article, we discuss the
pathogens C trachomatis, N gonorrhoeae,
Mycoplasma genitalium, T vaginalis, and
other potential organisms that may affect
female fertility, andwe address the clinical
importance of screening and preventing
the spread of those infections.

Methodology
We conducted a comprehensive litera-
ture search to identify articles by using
the electronic databases MEDLINE,
Embase, Web of Science, and CINAHL,
in addition to scrutinizing references of
identified articles. Within each database,
we combined the term “female infer-
tility” with 4 different infection terms:
“Chlamydia trachomatis,” “Neisseria
gonorrhoeae,” “Mycoplasma genitalium,”
and “Trichomonas vaginalis.” Within the
MEDLINE database, we refined the
search by excluding the Medical Subject
Headings unrelated to female infertility
and at least 1 of the 4 organisms. Within
the Embase search, we used Emtree to
identify terms, and used both “female
infertility” and “uterine tube occlusion”
as focused search terms to combine with
each infection. We filtered results to only
include articles published in English
between 1975 and April 2016. Additional
relevant articles were identified from
bibliographies and by the recommen-
dation of medical experts. The inclusion
of the articles used in the analysis was
based on quality of the study and rele-
vance to this review: studies were
excluded if they were conducted with
few participants, had no comparison
group, or constituted case reports.
Studies that did not report sufficient data
to determine the association with female
infertility or reproductive morbidities
were excluded for lack of relevance to the
topic of review.

C trachomatis and N gonorrhoeae
C trachomatis and N gonorrhoeae have
been extensively shown to be associated
with infertility, particularly by causing
tubal inflammation. In fact, early spec-
ulation regarding the effect of N gonor-
rhoeae on female fertility dates back to
the 1870s, when the German-born gy-
necologist Emil Noeggerath published
his revolutionary claims about gonor-
rhea as a clinical condition in his book
Latent Gonorrhoea Especially with Regard
to its Influence on Fertility in Women.14

Although he may have widely over-
estimated its repercussions (postulating
that gonorrhea causes 90% of female
infertility), his theories eventually
sparked the initiation of further in-
vestigations.15 When the bacterium N
gonorrhoeae was finally isolated, Noeg-
gerath’s controversial claims regarding
the persistence of this “venereal poison”
in the reproductive organs and its path-
ologic consequences were reexamined.16

Studies conducted more than a century
later have since demonstrated the impact
of C trachomatis and N gonorrhoeae on
subsequent infertility.
C trachomatis, the most common

reportable disease in the United States,
affects nearly 1.5 million people in the
US annually.17 Unfortunately, however,
because C trachomatis infections are
asymptomatic in most women,18,19 in-
fections are often unnoticed, untreated,
and underreported. For almost 40
years, evidence has shown that un-
treated ascending C trachomatis infec-
tion can lead to irrevocable damage in
the fallopian tubes including proximal
and distal tubal occlusions leading to
infertility.9 The increased amount of
heat shock protein synthesized by C
trachomatis induces a proinflammatory
immune response in the human fallo-
pian tube epithelia, resulting in scarring
and tubal occlusion.9,20,21 A number of
seroepidemiological studies have
examined the prevalence of antibodies
to C trachomatis and chlamydial heat
shock protein in women with lapa-
roscopically or hysterosalpingo-
graphically confirmed fallopian tube
damage and ectopic pregnancies.22-28

The results of these studies indicate
that history of C trachomatis infection is

associated with a significantly increased
risk of tubal infertility in women,
regardless of the infection invoking
clinical symptoms.20,25,29-32 Extensive
research has also shown that C tracho-
matis infection can cause PID, which
often precedes infertility. Today, C tra-
chomatis accounts for approximately
50% of cases of acute PID in developed
countries.33 Among PID patients, those
with prior C trachomatis infection have
been shown to be more likely to expe-
rience subsequent infertility than those
without a history of C trachomatis
infection.32-35

While C trachomatis seropositivity
has long been shown to influence fal-
lopian tube patency,36 the use of a
newer, more sensitive and specific anti-
chlamydial assay by Geisler and co-
workers37 has only recently been shown
to hold promise as a measure of tubal
function.38 In a cohort study of 1250
infertile women with documented tubal
patency undergoing fertility treatment,
C trachomatis seropositivity using the
antibody subclasses IgG1 and IgG3 was
tested.39 Results showed that of these 2
antibody subclasses tested, seroposi-
tivity to C trachomatis based on IgG3
detection was a strong predictor of both
failure to conceive and ectopic preg-
nancy outcomes. Because IgG3 has
been shown to be involved in early in-
flammatory response to infection,40 the
detection of IgG3 in these women may
reflect a recently cleared or persistent C
trachomatis infection, contributing to
fallopian tube damage while perhaps
not yet leading to blockage of the fal-
lopian tubes.39

In another study of subfertile women
with no visible tubal pathology, positive
chlamydial antibody testing was associ-
ated with a 33% lower spontaneous
pregnancy rate than those without
chlamydial antibodies.28,39 Coppus and
colleagues28 suggest that these low
pregnancy rates may not only be caused
by the known mechanism of chronic
inflammatory response causing fallopian
tube damage; persistent C trachomatis
infections have also been shown to elicit
an autoimmune response to human heat
shock proteins, which may elevate the
risk for impaired embryo development
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