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Chlamydia  trachomatis  (CT)  is the  most  prevalent  cause  of  sexually  transmitted  diseases.
Although  the prevalence  of chlamydial  infection  is similar  in  men  and  women,  current
research  and  screening  are  still focused  on  women,  who  develop  the  most  severe  com-
plications,  leaving  the  study  of  male genital  tract (MGT)  infection  underrated.  Herein,  we
reviewed  the literature  on  genital  CT infection  with  special  focus  on  the  MGT.  Data  indicate
that CT  certainly  infects  different  parts  of  the  MGT  such  as  the  urethra,  seminal  vesicles,
prostate,  epididymis  and  testis.  However,  whether  or not  CT infection  has  detrimental
effects  on  male  fertility  is  still  controversial.  The  most important  features  of CT  infection
are its  chronic  nature  and  the  presence  of  a mild  inflammation  that remains  subclinical  in
most individuals.  Chlamydia  antigens  and  pathogen  recognition  receptors  (PRR),  expressed
on  epithelial  cells  and  immune  cells  from  the  MGT,  have  been  studied  in the  last  years.
Toll-like  receptor  (TLR)  expression  has  been  observed  in the  testis,  epididymis,  prostate
and  vas  deferens.  It  has  been  demonstrated  that  recognition  of chlamydial  antigens  is asso-
ciated with  TLR2,  TLR4,  and possibly,  other  PRRs.  CT recognition  by  PRRs  induces  a  local
production  of  cytokines/chemokines,  which,  in turn,  provoke  chronic  inflammation  that

might  evolve  in  the  onset  of  an autoimmune  process  in  genetically  susceptible  individuals.
Understanding  local  immune  response  along  the  MGT,  as  well  as the  crosstalk  between
resident  leukocytes,  epithelial,  and  stromal  cells,  would  be crucial  in  inducing  a protective
immunity,  thus  adding  to the design  of new  therapeutic  approaches  to a  Chlamydia  vaccine.
Abbreviations: CM,  Chlamydia muridarum; CT, Chlamydia trachomatis;
B, elementary body; FGT, female genital tract; MGT, male genital tract;
OD, nucleotide oligomerization domain; PEC, primary cultures of epithe-

ial  cells; TLR, toll-like receptor; PRR, pathogen recognition receptors; RB,
eticular body.
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1. Chlamydial infection: an introduction

Chlamydia trachomatis (CT) is the most prevalent bac-
terial cause of sexually transmitted infections in humans
(Brunham and Rey-Ladino, 2005). Approximately 100 mil-
lion new cases of genital CT infection are diagnosed
worldwide every year, although it is believed that this num-
ber is underestimated (Mylonas, 2012; Senior, 2012). Most
cases occur in the developing world, where diagnostic tools
and antimicrobial treatment are almost rudimentary. How-

ever, chlamydial control programs in developed countries,
most of which were devised more than 20 years ago, have
had little impact on the incidence of CT infections. The
quantity of diagnoses has increased over the past ten years,
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probably because of the use of more sensitive tests and
increased awareness of this pathogen. CT is transmitted
almost exclusively by sexual intercourse, and like all other
sexually transmitted diseases, young and sexually active
people are primarily affected. Additionally, it can be trans-
mitted vertically from mothers to newborns during labor,
resulting in children with chlamydial conjunctivitis and
pneumonia. Although the prevalence of chlamydial infec-
tion is similar in men  and woman, current research and
screening strategies are still focused mainly on women
(Chen and Basil, 2003). In consequence, the importance of
this pathogen in infections of the male genital tract (MGT)
has been underestimated.

In this study, we aimed to review the literature on gen-
ital CT infection with a special focus on the biology of CT
infection in the MGT. Reassessing the importance of study-
ing the MGT  as a reservoir of CT, we focused on chlamydial
prostatitis and on the innate as well as adaptive immune
response triggered after infection. These data provided an
overview of the current knowledge about the pathophysi-
ology of male genital CT infection, in order to understand
the effects of chronic infections, which are of therapeu-
tic relevance in reproduction topics. As a consequence, the
data synthesized here highlight the gap in Chlamydia vac-
cine development.

2. Epidemiology

The first isolation of CT from the genital tract was per-
formed in the 1950s. Although this finding was  reported
several decades ago, until the 1990s most CT genital infec-
tions in both genders were underestimated because of their
asymptomatic clinical course (Paavonen, 2011). The cur-
rent high incidence of CT genital infection is the result
of its chronic nature and the absent or mild symptoms,
which lead to an undiagnosed disease. Although the true
prevalence of genital CT infection is unknown, after review-
ing the epidemiological data, it can be accepted that it
varies between 1 and 40%, depending on the population
(Mylonas, 2012). The prevalence in our local population is
8.7% (Cuffini et al., unpublished data), comparable to the
reported prevalence of a Brazilian population attending
health care centers, which presented an average prevalence
rate of 11.7%, ranging from 4 to 25.7% (Rodrigues et al.,
2011; Ramos et al., 2011). It has been become clear that
the prevalence of chlamydial infection is very similar in
both men  and women (Lewis et al., 2012). CT infections
occur mainly in women younger than 25 years and men
younger than 35 years. The mean prevalence estimated by
setting is similar for men  and women (Cunningham and
Beagley, 2008). A typical feature and major problem of gen-
ital CT infection is to assess the extent of the infection.
This occurs because the onset of the infection is gener-
ally unknown, re-exposure is quite common, and pathogen
clearance is rarely followed up. Therefore, screening for
chlamydial infections is not common, but remains very
important in preventing bacterial spread. Since 1 January

2008, in Germany, all women younger than 25 years with
statutory health insurance are eligible for yearly screening
for urogenital CT infections, as well as women under-
going a planned induced abortion. The primary goal of
ctive Immunology 100 (2013) 37– 53

this new preventive measure is the reduction of severe
sequelae, such as tubal infertility and ectopic pregnancies
(Mund et al., 2008). Primary prevention by educational
programs to promote behavioral changes has not proved
to be very effective. Although routine screening for CT
in men  and women  is insufficient based on feasibility,
efficacy, and cost-effectiveness, well-established screening
programs administered to the sexually active young pop-
ulation should be considered in clinical settings with a
high prevalence of Chlamydia,  in order to reduce bacte-
rial spread in the general population (Peipert, 2003). An
accurate diagnostic screening and rescreening by physi-
cians differentiating between acute or persistent infection
might help to resolve the infection and thus avoid possible
fertility-related complications. Furthermore, CT infection
facilitates the transmission of HIV and might be a co-factor
in human papilloma virus (HPV)-induced cervical neopla-
sia (Anttila et al., 2001). Understanding the natural history
of infection, the host immune response, and the impact
they have on subsequent pathologies is crucial for a rational
vaccine design.

A vaccine against CT would be of benefit to human
health and is likely to have a significant impact on health
care costs. Vaccine development would be essential for
controlling CT infection, especially in developing countries
where a major increase in prevalence has been reported
during the last decade (Götz et al., 2002; Lewis et al., 2012).
Sanitary programs for diagnosis and control of CT infec-
tion carried out in developed countries cannot be used
in these places, mainly because of their expensive costs,
thus highlighting vaccine development as a major issue
in CT infection control (Iwasaki, 2010). However, primary
prevention by vaccination is problematic since the devel-
opment of a CT vaccine is still a major challenge (Brunham
and Rey-Ladino, 2005; Pal et al., 2010; Paavonen, 2011). CT
vaccine development is difficult because of the complex
antigenic structure and limited knowledge of protective
antigens. Also, the nature of protective immune response
and correlates of protection are not well known. Per-
forming a protective vaccine without harmful effects is a
complex task that needs further research on immune cor-
relates of protection against CT and disease pathogenesis
(Rockey et al., 2009).

3. Microbiology and infection

Chlamydia trachomatis is a small obligate intracellu-
lar Gram-negative bacterium surrounded by a rigid cell
wall that needs living cells to multiply because of its
inability to synthesize essential nutrients, thus strictly
depending on host biosynthesis pathways (Wyrick, 2000).
The chlamydial chromosome consists of approximately
one million base pairs and has a capacity to encode for
up to 600 proteins. Nineteen different serotypes of CT
can be distinguished based on their major outer mem-
brane protein (MOMP) characteristics. Serotypes A, B and
C cause trachoma; serotypes D through K are responsible

for urogenital infections, and serotype L is responsible for
lymphogranuloma venereum (Brunham and Rey-Ladino,
2005; Wagenlehner et al., 2006). The cell cycle of Chlamy-
dia is different to those of other bacteria. Chlamydia
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pp. undergo two phases of reproduction: an intracellular
hase of non-infectious metabolically active and replica-
ive reticular bodies (RBs), and an extracellular phase
f infectious metabolically inactive and non-replicative
lementary bodies (EBs) (Schachter and Stephens, 2008;
aldivia, 2008).

The bacteria can persist in host cells in a viable, but
ulture-negative state (Beatty et al., 1994). Although re-
nfection is very likely to occur, (Witkin, 2002; Brunham
nd Rey-Ladino, 2005), there is another possible explana-
ion for the sustained prevalence of genital CT infection. It
as recently been revealed that CT has the capacity for rapid
volution by exchanging DNA between strains at a much
igher rate than predicted, which allows this pathogen to
vade the immune response and chronically persist in a
ost (Harris et al., 2012; Senior, 2012).

As stated above, Chlamydia spp. have a unique biphasic
evelopmental cycle among obligate intracellular bacteria.

t consists of the conversion of EBs to RBs, followed by RB
ell division and transformation back to infective EBs. EBs
nfect epithelial cells entering by several potential recep-
ors including PRRs, followed by endocytosis, which leads
o the formation of membrane-bound, glycogen-enriched
ntracellular inclusions. Once inside the epithelial cells, CT
ndergoes the conversion to RBs in order to replicate, and
nally converts again to infective EBs, which infect close
pithelial cells. These EBs are released after host cell lysis
nd can survive in the extracellular environment as infec-
ious agents (Witkin, 2002; Schachter and Stephens, 2008).
fter lysis of the infected host cells, mucosal epithelial cells
ndergo necrosis. During this process, chlamydial com-
onents, such as the endotoxin lipopolysaccharide (LPS)
nd bacterial proteins, trigger the host immune response.
eutrophils, monocytes, dendritic cells, lymphocytes, and
lasma B cells migrate into this necrotic and ulcerous
pithelium (Agrawal et al., 2009a; Al-Zeer et al., 2009).
ocal inflammation subsequently leads to fibrosis followed
y the shriveling of connective tissue structures and scar-
ing.

. Pathophysiology

In women, urogenital infections caused by CT can
ead to urethritis, mucopurulent cervicitis, endometri-
is, salpingitis, pelvic inflammatory disease, perihepatitis,
eriappendicitis, ectopic pregnancy, and tubal infertility
Paavonen, 2011; Kalwij et al., 2012). In men, CT is respon-
ible for urethritis, epididymitis, epididymo-orchitis, and it
s becoming increasingly accepted as a causative agent of
rostatitis (Cunningham and Beagley, 2008; Ouzounova-
aykova et al., 2010; Kalwij et al., 2012). In addition, CT

nfection has been reported to be a major cause of reac-
ive arthritis (Carter and Hudson, 2010). Furthermore, it
as been shown that 21% of patients with unexplained
rthritis have a history of urogenital chlamydial infection
Wollenhaupt et al., 1995; Senior, 2012).

Chlamydia trachomatis has been associated with repro-

uctive dysfunction, mainly in women. Indeed, female
enital CT infection has proved to have significant conse-
uences for female fertility, tubal factor infertility and tubal
ctopic pregnancy being the most frequently reported
ctive Immunology 100 (2013) 37– 53 39

sequelae. On the other hand, the consequences of CT
infection for male fertility are still under debate, with
some reports arguing no effect on male fertility and
others reporting decreased semen quality and impaired
sperm fertilizing capacity and DNA integrity (Paavonen and
Eggert-Kruse, 1999; Cunningham and Beagley, 2008; Joki-
Korpela et al., 2009; Mazzoli et al., 2010).

The most important epidemiological occurrence of CT
infection is as an asymptomatic infection. Although CT
induces local inflammation and triggers the host immune
response, infection remains subclinical in most infected
individuals (Gottlieb et al., 2010). Chlamydial genital tract
infections are asymptomatic in 75% of women  and in up
to 50% of men  (Stamm, 1999; Peipert, 2003; Gonzales
et al., 2004). The factors that determine whether infections
develop as symptomatic or asymptomatic are unknown.
However, a high prevalence of serotype E and its lack
of associated clinical symptoms may  suggest that this
serotype might be more successful in maintaining a sub-
clinical infection than other, less prevalent serotypes.
Indeed, a successful serotype would be that one that
remains undetected for a longer period of time, enhancing
dissemination. Variability of the main CT antigen MOMP
is presumably the result of host selection and bacterial
adaptation. Thus, the MOMP  sequence that elicits a milder
immune response in the infected host could be an adap-
tive mode of evolution to escape immune pressure and
might therefore confer a transmission advantage over
other MOMP  serotypes.

Symptomatic infected women can show signs of disease
such as mucopurulent endocervical discharge, hyper-
trophic cervical ectopy, and friability (Marrazzo and
Martin, 2007). Clinical symptoms consist of dysuria, abnor-
mal  vaginal discharge, menstrual bleeding, and lower
abdominal pain. However, the lack of diagnosis and therapy
favors the establishment of a chronic persistent infection
that may  last months to years (Gottlieb et al., 2010). As
most CT infections remain asymptomatic and untreated,
ascending bacteria can lead to infection of the upper gen-
ital tract and produce pelvic inflammatory disease (PID;
2–4.5% of untreated infected women) with long-term
reproductive complications such as infertility or ectopic
pregnancy (Gottlieb et al., 2010; Mylonas, 2012). It is note-
worthy that the most important problem for subfertile
infected couples is immune-mediated fallopian tube scar-
ring, mainly associated with persistent genital CT infection
(den Hartog et al., 2005, 2006, 2009; Cunningham and
Beagley, 2008).

On the other hand, the best known consequences of
MGT  chlamydial infection are non-gonococcal urethritis,
epididymitis, and epididymo-orchitis. However, they are
more infrequent and less expensive to treat than complica-
tions in women. As a consequence, little attention has been
paid to CT infection of the MGT, as it is underestimated
and mainly considered to be a reservoir for transmission
and re-infection (Chen and Basil, 2003). Although in men
CT mainly affects the urethra and epididymis, it has also

been reported to infect other tissues such as the prostate
and seminal vesicles (Toth et al., 2000; Skerk et al., 2002;
Gonzales et al., 2004; Krieger and Riley, 2004; Furuya et al.,
2006; Motrich et al., 2006, 2012; Mackern-Oberti et al.,
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2011a). However, the consequences of CT infection of the
prostate or seminal vesicles are still to be defined.

Finally, it has been accepted that persistent infection in
women as well as in the MGT  may  have deleterious effects
on fertility owing to chronic inflammation and subsequent
inter-infection between the couple.

5. MGT  infection

In males, CT usually first infects the single-cell colum-
nar layer of the urethral epithelium in the form of EBs.
Once inside the epithelial cells, CT undergoes the develop-
mental cycle to RBs in order to replicate by binary fission,
and finally converts again to infective EBs, which infect
nearby epithelial cells leading to an ascending infection.
As the primary site of infection in males is the penile
urethra, CT emerges as a major cause of male urethritis
(Mulcahy et al., 1987). In addition, it is well known and
widely accepted that male CT infection can also cause retro-
grade epididymitis and epididymo-orchitis (Krishnan and
Heal, 1991; Trojian et al., 2009).

On the other hand, the role of CT infection in male
accessory sexual glands such as prostate and seminal vesi-
cles has been controversial and poorly studied for decades.
However, CT infection has been accepted as a cause of
prostatitis/CPPS and prostato-vesiculitis. There are still
some controversies regarding subsequent prostate dis-
eases (Mulcahy et al., 1987; Zdrodowska-Stefanow et al.,
2000; Krause and Bohring, 2003; Falk et al., 2004). CT infec-
tion of male accessory sex glands may  have a major impact
on prostate pathology since it has been shown in mouse
models that CT infects and may  persist in the prostate,
establishing an immune-privileged niche, avoiding the
host immune response. This persistent infection might lead
to a chronic infection, which in turn can result in impaired
male fertility, besides being a reservoir of continuous trans-
mission of the infection (Mackern-Oberti et al., 2011a).
Regarding that point, research performed in murine mod-
els focusing on the pathogenic mechanisms involved in CT
infection of the MGT  is still very limited (Domingue and
Hellstrom, 1998; Jantos et al., 1998; Stephens, 2003; Pal
et al., 2004, 2009, 2010; Skerk et al., 2004; Wagenlehner
et al., 2006; Cunningham and Beagley, 2008; Motrich et al.,
2012).

5.1. CT infection of the MGT, sperm quality, and infertility

Infertility is a complex and frequent problem that affects
5% of men. The cause of infertility is unknown in approx-
imately 55% of cases and infection of the MGT  has been
proposed as a risk factor for male infertility (Jungwirth
et al., 2012). In this regard, the role of CT infection and male
infertility has not yet been proven (Paavonen and Eggert-
Kruse, 1999; Cunningham and Beagley, 2008; Joki-Korpela
et al., 2009). Nevertheless, several studies have evaluated
the association between CT infection and poor semen qual-
ity, but whether or not this has detrimental effects on male

fertility is still uncertain (Cunningham and Beagley, 2008;
Joki-Korpela et al., 2009). Some reports indicate that CT
infection is associated with a decrease in sperm concen-
tration and motility and also with altered semen pH and
ctive Immunology 100 (2013) 37– 53

reduced volume of the ejaculate (Idahl et al., 2004; Mazzoli
et al., 2010; La Vignera et al., 2011; Pajovic et al., 2012).
Conversely, other studies have revealed no association
between CT infection of the MGT  and altered sperm qual-
ity (Weidner et al., 1996; Habermann and Krause, 1999;
Ochsendorf, 1999; Ochsendorf et al., 1999; Vigil et al., 2002;
Eggert-Kruse et al., 2003; Motrich et al., 2006; de Barbeyrac
et al., 2006; Gdoura et al., 2007). In summary, the avail-
able evidence is conflicting and still makes it impossible
to establish a clear relationship between CT infection and
semen quality.

On the other hand, some in vitro studies have demon-
strated that CT is able to interact with sperm cells, affecting
their function and inducing apoptosis (Hosseinzadeh et al.,
2001; Eley et al., 2005; Satta et al., 2006). Apoptosis of
human sperm can be induced by in vitro incubation of
human sperm cells with chlamydial LPS, which has a 550-
fold greater spermicidal activity than Escherichia coli LPS
(Galdiero et al., 1994; Hosseinzadeh et al., 2003). In addi-
tion, CT serovar E can attach to human spermatozoa and
influence its function leading to premature capacitation
(Hosseinzadeh et al., 2000). It has been shown that chla-
mydial LPS interacts with CD14 on the sperm surface, thus
leading to increased production of reactive oxygen species
and resulting in caspase-mediated apoptosis (Eley et al.,
2005). Despite having obtained all these data from in vitro
studies, a clear association between CT and sperm damage
has not yet been corroborated by in vivo studies. Several
reports have shown that CT infection of the MGT  does not
produce any alteration in semen quality (Weidner et al.,
1996; Habermann and Krause, 1999; Ochsendorf et al.,
1999; Vigil et al., 2002; Eggert-Kruse et al., 2003; Motrich
et al., 2006, 2012; de Barbeyrac et al., 2006; Gdoura et al.,
2007).

5.2. CT and seminal vesiculitis

In humans, whether CT can infect seminal vesicles and
lead to subclinical inflammation and pathology is still
unknown because it has been much less studied mainly
because the infection produces neither severe clinical
symptoms nor significant sequelae. Furuya et al. pioneered
the study of seminal vesiculitis caused by CT (Furuya et al.,
2004). They reported the presence of inflammation in
the seminal vesicles of patients with acute epididymitis
and also that CT was the causative pathogen most fre-
quently detected in seminal vesicle fluid (Furuya et al.,
2004). Furuya et al. also reported the first case of semi-
nal vesiculitis prior to acute chlamydial epididymitis in a
patient whose wife had been diagnosed with chlamydial
cervicitis (Furuya et al., 2005). Recent reports have demon-
strated that patients with urethritis were likely to have
accompanying seminal vesiculitis (Furuya et al., 2009).
Also, inflammatory findings, the presence of leukocytes, as
well as seminal vesicle gland dilatation on the ipsilateral
side to the epididymis, were frequently found in patients
with epididymitis. These findings could also be found on

the contralateral side, but much less frequently (Furuya
et al., 2004, 2006, 2009). CT was  most frequently detected
in the fluid of dilated seminal vesicles, especially in patients
with epididymitis aged 40 and younger. In addition,
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esiculitis-associated symptoms disappeared simulta-
eously with improvement in symptoms of epididymitis
fter antimicrobial treatment (Furuya et al., 2004). These
ndings strongly suggest that seminal vesicles were

nvolved in the urogenital inflammation process. Further-
ore, some researchers have proposed that chlamydial

pididymitis mainly originates from seminal vesiculitis
Krishnan and Heal, 1991).

.3. CT and chronic prostatitis

Prostatitis is highly prevalent in men  (Schaeffer, 2006).
t is a state of inflammation of the prostate often described
s an infection of the prostate, but it can also be an inflam-
ation with no signs of infection. Prostatitis syndromes

re classified into four categories: acute (I); and chronic
II); non-bacterial prostatitis, chronic pelvic pain syndrome
CPPS) (III); and asymptomatic inflammatory prostatitis
IV); (Krieger et al., 1999). Although acute (I) and chronic (II)
acterial prostatitis have a clear etiology and patients are
ood responders to antimicrobial treatment, these types of
rostatitis only encompass 10% of the cases seen in clini-
al practice (Habermacher et al., 2006). CPPS or category III
rostatitis is the most common prostatitis syndrome, con-
tituting 90–95% of prostatitis cases. Patients with chronic
on-bacterial prostatitis (CP)/CPPS have no evidence of uri-
ary tract infection making CP/CPPS a common disease of
nclear etiology (Habermacher et al., 2006). The diagnosis
f this syndrome still relies mainly on reported pain in the
elvic zone, perineum, rectum, and/or prostate and is often

 diagnosis of exclusion. Patients with CPPS are empirically
reated because of the uncertain etiology and pathogenesis,

 fact that explains the limited efficacy of the recommended
reatments (Habermacher et al., 2006). The etiology of CPPS
emains unknown and three main hypotheses are cur-
ently under consideration. One such hypothesis postulates

 microbial etiology due to a cryptic undetected micro-
ial pathogen, suggesting that these patients should be
lassified as having bacterial prostatitis. In this regard, sev-
ral studies have focused on CT as an etiological agent of
PPS (Shurbaji et al., 1988; Abdelatif et al., 1991; Corradi
t al., 1995; Toth et al., 2000; Weidner et al., 2002; Skerk
t al., 2002; Badalyan et al., 2003; Krieger and Riley,
004; Ostaszewska-Puchalska et al., 2004; Wagenlehner
t al., 2006; Motrich et al., 2006; Ouzounova-Raykova
t al., 2010). The second hypothesis postulates an autoim-
une response to prostate components because of the

resence of inflammation in the absence of infectious
gents (Motrich et al., 2007). A third hypothesis pro-
osed by some researchers correlates this disease with
euronal and/or psychological factors, but lacks the sup-
ort of substantial experimental and clinical evidence. For
iagnostic purposes, microbiological analysis, as well as
valuation of the presence of leukocytes, is performed in
rostatic expression, semen and/or urine pre- and post-
rostatic massage samples. After negative conventional
icrobiological cultures, physicians perform microbiolog-
cal, cell culture or molecular tests for specific pathogen
iagnosis. Assays to detect antibodies specific for microor-
anisms in seminal plasma and serum may  be valid
or sero-epidemiological studies, but not for diagnostic
ctive Immunology 100 (2013) 37– 53 41

purposes (Taylor-Robinson, 1997; Eley, 2011). The cross
reactivity of antibodies between CT and some Chlamy-
dophila species and the persistence of antibody titers over
time impairs the possibility of performing an accurate diag-
nosis and makes it difficult to distinguish between past and
current infections (Gijsen et al., 2001).

Several reports have documented the prevalence of
CT infection in patients with chronic prostatitis (Shurbaji
et al., 1988; Abdelatif et al., 1991; Corradi et al., 1995;
Toth et al., 2000; Weidner et al., 2002; Skerk et al.,
2002; Badalyan et al., 2003; Krieger and Riley, 2004;
Ostaszewska-Puchalska et al., 2004; Wagenlehner et al.,
2006; Motrich et al., 2006; Ouzounova-Raykova et al.,
2010). As has also been demonstrated in epidemiological
female studies, differences in prevalence rates between
studies are related to the type of samples analyzed: ure-
thral swab, first void urine, semen or expressed prostate
secretion as well as the identification technique (Krause
and Bohring, 2003). The prevalence of CT infection in
CP/CPPS patients has been reported to range from 8.3 to
27% (Weidner et al., 2002; Cunningham and Beagley, 2008;
Ouzounova-Raykova et al., 2010). Some authors have raised
concerns about the reliability of the samples used in these
studies (Weidner et al., 2002). They postulated that bacte-
rial isolation from prostate diagnostic material (expressed
prostatic secretions [EPS], urethral swabs, and/or urine
after prostatic massage) presents a potential risk of con-
tamination while going through the urethra, thus limiting
the interpretation of the test. However, a number of stud-
ies indicate that semen/EPS specimens are often positive
for CT in patients with negative urethral swabs (Corradi
et al., 1995; Skerk et al., 2002; Ostaszewska-Puchalska et al.,
2004; Gdoura et al., 2007). Also, pure prostatic biopsies
from CP/CPPS have demonstrated the presence of CT in the
absence of urethral infection (Toth et al., 2000; Krieger and
Riley, 2004). These findings undoubtedly support the role
of CT as a causative or triggering agent of CP/CPPS.

Chlamydia trachomatis infection of the prostate gland
could cause inflammation within the prostatic tissue, thus
impairing the normal functionality of the gland, and as is
well known, prostate secretions account for up to 60% of
the volume of seminal plasma (Lepor and Lawson, 1994).
The main function of the prostate gland is the production
of large amounts of soluble proteins and components that
are secreted into the ejaculate. These proteins optimize the
conditions for successful fertilization, providing an ade-
quate medium for the survival of sperm and enhancing
sperm motility in the female reproductive tract (Elzanaty
et al., 2002).

A key enzyme, PSA, needed for the degradation of the
seminal plasma inhibitor precursor has a positive impact
on sperm motility. In addition, zinc derived from prostate
secretion plays an important role in stabilizing sperm chro-
matin (Rivero et al., 2007). It could be speculated that an
inflammation of the prostate gland as a consequence of CT
infection could alter the gland’s functionality, which results
in consequences for male fertility. As stated above, the lit-

erature concerning this issue is controversial, with some
reports arguing in favor of a positive relationship between
chronic prostatitis induced by CT and altered semen qual-
ity (Idahl et al., 2004; Mazzoli et al., 2010; La Vignera et al.,
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Fig. 1. Male genital tract (MGT) infection with CT. Upon exposure of the urethra to infective Chlamydia trachomatis (CT) elementary bodies (EBs), bacteria
may  produce an ascending infection in the genital tract, resulting in a diverse spectrum of clinical entities, such as acute urethritis, acute or chronic
prostatitis, vesiculitis and orchitis, and related signs and symptoms: dysuria; polyuria; pelvic, perineum and testicular pain; leukospermia, etc. First, EBs
interact with the urethral epithelial cells thus establishing the infection and leading to local recruitment of immune cells and inflammation. Then, the
bacteria ascend to the upper genital tract and infect male accessory sex glands as prostate and seminal vesicles, where they may  establish a niche and
persist for extended periods of time, thus producing re-infection to other parts of the MGT. CT persistence in the male accessory sex glands recruits immune
cells  causing mild inflammation and epithelial cell desquamation that usually remains subclinical. CT can continue ascending to the epididymis and testis
and  also produce an established infection and mild inflammation. Although inflammation secondary to CT infection of the MGT causes tissue cell infiltration

mation 

he pros

and  the release of proinflammatory mediators to the ejaculate, that inflam
thus  not compromising male fertility. Also, the persistence of bacteria in t
individuals.

2011; Pajovic et al., 2012), whereas other reports support
the idea that no alterations are produced in semen quality
and male fertility (Weidner et al., 1996; Habermann and
Krause, 1999; Ochsendorf et al., 1999; Vigil et al., 2002;
Eggert-Kruse et al., 2003; Motrich et al., 2006; de Barbeyrac
et al., 2006; Gdoura et al., 2007).

Overall, these results indicate that CT certainly infects
different parts of the MGT, such as the urethra, seminal
vesicles, prostate, epididymis, and testis, thus affecting
both lower and upper MGT. An important feature is the
chronic nature of this infection and also the recruitment
of immune cells that in turn produce a local but mild
inflammation that remains subclinical in most infected
individuals (Fig. 1). Whether or not urethritis, vesiculitis,
prostatitis, epididymitis, and orchitis caused by CT lead to
significant detrimental effects on male fertility for certain
is still controversial.

6. CT and innate immune response

Identification of CT-specific immune response and sub-

sequent immune-mediated protection is an important
priority in CT research, especially for vaccine progress. The
development of in vitro assays has been crucial in the iden-
tification of Chlamydia antigens that are involved in innate
state seems to be mild and quenched by the seminal antioxidant capacity,
tate could act as a trigger factor for autoimmune responses in susceptible

immune recognition by epithelial cells and immune cells.
Moreover, cell culture infection has provided informa-
tion about CT and host cell interactions, mainly regarding
the innate immune response. Mucosal barriers, mainly
formed by epithelial cells, usually represent the first con-
tact between host cells and invading pathogens. Epithelial
cells are crucial in immune responses because they are
the first in responding to invade pathogens such as CT,
through their recognition by PRRs leading to proinflam-
matory cytokine production. These cytokine secretions,
derived from infected epithelial cells or cells encountering
CT antigens, may  be crucial in activating resident leuko-
cytes as well as recruiting circulating leukocytes and thus
triggering a local immune response. Because CT has a spe-
cial tropism for epithelial cells that express PRRs, the study
of these cells and their receptors, as well as the identi-
fication of specific mediators released after CT infection
(Table 1), are important for the design of protective vac-
cines as well as immune therapies against persistent CT
infection (Darville and Hiltke, 2010).

Toll-like receptors (TLR) and nucleotide-binding

oligomerization domain (NOD) proteins are PRRs that rec-
ognize different pathogen-associated molecular patterns
(PAMPs) found in bacteria, viruses, yeasts, and parasites.
Some examples of PAMPs are peptidoglycans, LPS, flagellin,
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Table 1
Chlamydia trachomatis genital infection and host immune response.

Type of study Study sample Infectious agent used Receptors and
mediators
involved

Response/Main findings Reference

Gender Origin Specimen

In vitro Female Mouse Oviduct epithelial cells Chlamydia muridarum TLR2/MyD88 IL-6 secretion Derbigny et al.,
2005

Oviduct epithelial cells Chlamydia muridarum TLR3?/IRF3/TRIF IFN� secretion Derbigny et al.,
2007

Oviduct epithelial cells Chlamydia muridarum TLR3 IFN� secretion Derbigny et al.,
2010

Oviduct epithelial cells Chlamydia muridarum TLR3 IFN�, Il-6, CXCL10, CXCL16, CCL5 secretion Derbigny et al.,
2012

Rat Uterine epithelial and
stromal cells

Chlamydia muridarum ? IL-1� and TNF-� secretion Kaushic et al.,
2000

Human Cervical epithelial cells Chlamydia trachomatis TLR2/MyD88 IL-8 secretion O’Connell et al.,
2006

Cervical epithelial cells Chlamydia muridarum P2X7R P2X7R ligation inhibits intracellular
chlamydiae

Darville et al.,
2007

Cervical epithelial cells Chlamydia trachomatis NOD1/RIP2
other PPR/ERK

IL-8 secretion Buchholz and
Stephens, 2008

Male Mouse Prostate, seminal vesicle
and epidydimis/vas
deferens primary cell
culture

Chlamydia muridarum and
Chlamydia trachomatis

TLR2, TLR3,
TLR4, TLR9

KC secretion Mackern-
Oberti et al.,
2011b

Prostate derived CD45+
and CD45− cells from
MYD88 -/-, TLR2/TLR4 -/-
and wild-type mice

Chlamydia trachomatis TLR2, TLR4,
other
TLRs/MYD88

KC and CCL2 secretion by prostate derived
CD45+ cells is dependent on TLR2/TLR4. KC and
CCL2 secretion by prostate derived CD45− cells
is dependent on other TLRs/MYD88 signaling
cascade

Mackern Oberti
et al., 2011c

Rat Prostate epithelial cells Chlamydia muridarum TLR2, TLR4,
CD14/MYD88

Prostate epithelial cells are susceptible to CM
infection and respond secreting NO,  TNF-�,
IL-1�,  IL-6, MIP-1�, MIP-1�,  IL-8, MCP1,
RANTES, and IP10

Mackern-
Oberti et al.,
2006

Human Urethral and Prostate
epithelial cells

Chlamydia trachomatis TLR2?, TLR4? High IL-1� secretion by urethral epithelial
cells. High IL-6 and IL-8 secretion by prostate
epithelial cells

Al-Mously and
Eley, 2007

In vivo Female Mouse TLR2 -/- and TLR4 -/- mice Chlamydia muridarum TLR2, TLR4 TNF-� and MIP-2 secretion impaired in TLR2
-/-  mice. Similar infection in TLR2 -/-, TLR4 -/-
and wild type mice. Less oviduct pathology in
TLR2 -/- mice

Darville et al.,
2003

TLR2 -/-, TLR4 -/-, MYD88
-/- and IFN��R -/- mice

Chlamydia muridarum IFN� and �R
TLR2,
TLR4/MYD88

IFN� and subsequent IP10 secretion occur
through two  different pathways, one is
MYD88-dependent and the another is
MYD88-independent

Nagarajan
et al., 2005

CCR5 -/- mice Chlamydia muridarum CCR5 Delayed infection resolution and reduced IP10,
IFN�, RANTES and TNF� secretion. Reduced
oviduct pathology in CCR5 -/- mice

Barr et al., 2005

NOD1 -/- mice Chlamydia muridarum NOD1/RIP2 Similar control of infection in NOD1 -/-, RIP2-/-
and wild-type mice

Welter-Stahl
et al., 2006
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Table 1 (Continued)

Type of study Study sample Infectious agent used Receptors and
mediators
involved

Response/Main findings Reference

Gender Origin Specimen

P2X7R -/- mice Chlamydia muridarum P2X7R Impaired IFN� secretion/higher infectious
burden in P2X7R -/- mice

Darville et al.,
2007

IFN��R -/- mice Chlamydia muridarum IFN�R and
IFN�R

Reduced infection and enhanced specific CD4 T
cell response in IFN��R−/− mice

Nagarajan
et al., 2008

IL-1� -/- mice Chlamydia muridarum TLR2, TLR3,
TLR4

IL-1� is secreted by macrophages and
fibroblasts. Impaired bacterial clearance and
less oviduct pathology in IL-1� -/- mice

Prantner et al.,
2009

TLR9 -/- mice Chlamydia muridarum TLR9 No different infection course in TLR9 -/- and
wild-type mice. TLR9 -/- mice are protected
from re-infection

Ouburg et al.,
2009

TLR3 -/- mice Chlamydia muridarum TLR3 IFN� secretion impaired in TLR3 -/- mice Derbigny et al.,
2010

MYD88 -/- mice Chlamydia muridarum MYD88 MYD88 -/- mice develop Th2 instead Th1/Th17
responses, more severe oviduct pathology and
fail to control the infection

Chen et al.,
2010

IL-17R -/- and IFN� -/- mice Chlamydia muridarum IL-17/IFN� Th1 and Th17 responses help in controlling the
infection

Scurlock et al.,
2011

MYD88 -/- and
TLR4/MYD88 -/- mice

Chlamydia muridarum TLR4/MYD88 Most severe Infection in MYD88 -/- mice.
Reduced CD4 T cell recruitment and IFN�,
IL-17, IL-18 and TNF-� secretion in MYD88 -/-
mice. Dispensable role of TLR4

Nagarajan
et al., 2011

TLR3 -/- mice Chlamydia muridarum TLR3 Il-6 and CCL5 secretion diminished in TLR3 -/-
mice

Derbigny et al.,
2012

Male Mouse C3H mice Chlamydia muridarum CT-specific Th1
cellular and
humoral
immune
response

Infected mice develop strong CT-specific Th1
immune responses and infiltration in MGT
organs, closely mimicking infection in humans

Pal et al., 2004

Severe combined
Immunodeficient (SCID)
and wild-type C3H mice

Chlamydia trachomatis CT-specific Th1
immune
response

Immune-deficient mice fail to elicit protective
Th1 cellular and humoral immune responses
and are unable to control the infection

Pal et al., 2009

Balb/c mice Chlamydia muridarum CT-specific Th1
immune
response

Immunization of mice in the urethral meatus
elicits protective Th1 cellular and humoral
immune responses

Pal et al., 2010

Mouse/rat NOD mice and Wistar rats Chlamydia muridarum Th1 immune
response

CM causes an ascending infection with special
tropism for the prostate and this infection
triggers a prostate-autoimmune response

Mackern-
Oberti et al.,
2011a

Human Penile urethral swabs from
CT-infected, CT-uninfected,
and non-CT-infected,
nongonococcal
urethritis-infected males

Chlamydia trachomatis IL-8 and
CT-specific IgA
and IgG

High IL-8 and CT-specific IgA and IgG levels in
CT-infected patients

Pate et al., 2001
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Fig. 2. Proposed mechanisms by which CT is recognized by the prostate gland cells. After ascending through the urethra, CT interacts and infects prostate
epithelial cells. Extracellular CT EBs are recognized by prostate epithelial cells through toll-like receptor (TLR)1, 2, 4, and 6, thus triggering TLR signaling and
NF�B  nucleous translocation leading to proinflammatory genes expression and secretion. CT recognition by prostate epithelial cells is strictly dependent
on  the adaptor molecule MyD88, suggesting that other MyD88-dependent PRRs may  be involved. It is believed that intracellular TLR2, TLR4, and TLR9 from
epithelial cells may  also play a role in CT recognition, thus initiating TLR signaling from this compartment. In addition, prostate resident CD45+ leukocytes
may  encounter and recognize CT mainly through TLR2, 1, 6, and 4 resulting in cytokine/chemokine secretion, immune cell recruitment and inflammation.
Also,  CT activated resident CD45+ leukocytes may  interact with epithelial cells in order to augment and coordinate an effective specific immune response.
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ontinuous activation of TLR on prostate epithelial cells and CD45+ leuko
rostate that may  impair the normal function of the gland and possibly tr

sRNA, and unmethylated bacterial DNA (O’Neill, 2002).
AMPs recognition by PRRs on epithelial cells mainly
nduces NF�B activation, leading to pro-inflammatory
ytokines and chemokine production (Fig. 2). These
mmune factors mediate the recruitment of circulating
eukocytes to the infected tissue and are involved in subse-
uent development of a specific immune response against
he pathogen (O’Neill, 2002; Akira and Takeda, 2004). TLRs
re commonly expressed in epithelial cells. To date, the
xpression of several PRRs, such as TLRs, NOD receptors,
nd other receptors like P2X7R, has been reported in the
emale reproductive tract (Fichorova et al., 2002; Pioli
t al., 2004; Schaefer et al., 2004, 2005; Derbigny et al.,
005, 2007, 2010, 2012; Andersen et al., 2006; Welter-
tahl et al., 2006; Darville et al., 2007). TLRs have also
een shown to be expressed in the MGT  and are crucial for
aintaining an appropriate microenvironment for sperm

evelopment, maturation, and storage and protection from
nvading pathogens (Krause and Bohring, 2003; Krause,
008). It has been proposed that MGT  exposition to PAMPs

ight impair male fertility, principally by the induction

f a strong pro-inflammatory cytokine milieu and the
roduction of reactive oxygen species that could induce
xidative damage to spermatozoa (Ochsendorf, 1999; Eley
 a chronic CT infection may  cause a state of chronic inflammation of the
 autoimmune process in susceptible individuals.

et al., 2005; Fraczek and Kurpisz, 2007). The expression of
TLRs has been extensively studied in the testis, epididymis,
prostate, and vas deferens (Nishimura and Naito, 2005;
Riccioli et al., 2006; Palladino et al., 2007, 2008; Bhushan
et al., 2008; Kundu et al., 2008; Mackern-Oberti et al., 2006,
2011b; Mackern Oberti et al., 2011c). TLR expression is
different throughout the MGT, suggesting a tissue-specific
immune surveillance. Furthermore, antimicrobial peptides
were also found in the epididymis, testis, and prostate,
showing the importance of epithelial cells in MGT  innate
immune response (Com et al., 2003). In contrast, the
expression of TLRs on seminal vesicles has been poorly
studied (Mackern-Oberti et al., 2011b).

Research on the innate immunity of MGT  has also
focused on cytokine production after bacteria or PAMPs
stimulation in order to develop diagnostic tools for identi-
fying infected tissue, as well as for a better understanding
of MGT  pathology, such as prostate cancer, urethritis, and
prostatitis (Pate et al., 2001; Gatti et al., 2006, 2009; Al-
Mously and Eley, 2007). It has been demonstrated that

immortalized normal human urethral and prostate epithe-
lial cells respond to CT producing IL1� and IL6 (Al-Mously
and Eley, 2007). This cytokine response occurred in a
tissue-specific pattern, suggesting a differential sensitivity
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in the recognition of CT. These findings led researchers
to speculate that evaluating cytokine levels could help
to identify the tissues involved in MGT  infections. Stud-
ies performed in our laboratory have demonstrated that
primary cultures of murine MGT  cells respond to PAMPs
secreting proinflammatory chemokines. Prostate, seminal
vesicles, and epididymis-vas deferens primary cell cul-
tures respond to TLR2, TLR3, TLR4, and TLR9 ligands by
secreting the keratinocyte-derived chemokine (KC) in a
time-dependent manner (Mackern-Oberti et al., 2011b;
Mackern Oberti et al., 2011c). To our knowledge, there
are very few reports showing innate immune response of
seminal vesicle cell cultures after TLRs ligand stimulation.
These results undoubtedly show that different TLRs are
expressed in MGT  tissues. Furthermore, MGT  primary cell
cultures also respond to chlamydial LPS (Mackern-Oberti
et al., 2011b). KC production after TLR ligand stimulation
by primary cell cultures was different between tissues, sug-
gesting specific sensitivity to TLR ligands or differential TLR
expression among MGT  tissues, thus delimiting/restricting
locally immune response against pathogens, which is a
common event in TLR biology.

Primary cultures from rat and mouse prostates and
seminal vesicle epithelial cells (PECs) are susceptible to
Chlamydia muridarum (CM) infection; this is a murine
pathogen closely related to CT (Mackern-Oberti et al., 2006,
2011b; Mackern Oberti et al., 2011c). It has also been
shown that prostate, seminal vesicle and epididymis-vas
deferens primary cell cultures respond to CT infection, pro-
ducing proinflammatory chemokines such as MCP1, MIP2,
and KC (Mackern-Oberti et al., 2011b). In addition, we
have demonstrated that rat PECs respond to CM by up-
regulating pro-inflammatory cytokines and chemokines.
Furthermore, TLR2 and TLR4, but not TLR5, were recruited
to the chlamydial inclusion vicinity, suggesting the active
role of these receptors in bacterial recognition and activa-
tion of PECs (Mackern-Oberti et al., 2006) (Fig. 2).

It has been shown that CT recognition and
chemokine/cytokine response by HeLa cervical epithe-
lial cells are also driven by NOD receptors (Buchholz
and Stephens, 2008), although control of the infection
seems to be similar in NOD1/RIP2-KO and wild-type mice
(Welter-Stahl et al., 2006). Even though most studies on
TLRs have focused on innate immune cells, the role of
these receptors expressed on resident leukocytes within
the MGT  remains poorly understood (Bhushan et al.,
2008). In this regard, our group demonstrated that CT
is differentially recognized by prostate-derived CD45+
(resident leukocytes) and CD45− (epithelial and stromal)
cells (Mackern Oberti et al., 2011c). Both prostate-derived
cell populations expressed genes involved in TLR signaling
respond to PAMPs and to CT infection. We  also showed
that primary cell cultures from MyD88 KO mice did not
respond to CT producing KC, suggesting that CT recognition
was critically affected in both prostate derived CD45+ and
CD45− cells, in addition to the fact that TLRs are certainly
involved in CT recognition. Furthermore, when cultures

were performed with prostate-derived cells obtained from
TLR2/TLR4 KO mice, we found that KC and MCP1 response
by CT infected CD45− cells was partially independent of
TLR2/TLR4, while CD45+ cells recognition was dependent
ctive Immunology 100 (2013) 37– 53

on TLR2/TLR4, suggesting the differential role of these
cells in the recognition and development of the immune
response against CT (Mackern Oberti et al., 2011c). As
stated above, most data about innate immune response
in males and the FGT have focused on epithelial and
immune cells. Nevertheless, it has been demonstrated that
stromal cells from the genital tract also secrete multiple
cytokines such as TNF�, IL1, IL6, IL8 after stimulation,
indicating that the stromal compartment may  also be an
important player in the initial recognition and induction of
the immune response (Kaushic et al., 2000; Hanada et al.,
2003; Prantner et al., 2009).

It has been reported that dendritic cells and mono-
cytes produce proinflammatory cytokines and chemokines
in response to CT (Prebeck et al., 2003; Gervassi et al.,
2004; Beagley et al., 2009). Identifying chlamydial antigens
involved in MyD88/TLR dependent recognition and subse-
quent TLR-driven immune pathology is a major issue in
Chlamydia research (Joyee and Yang, 2008). Several studies
have shown that chlamydial LPS and HSP60 are associated
with TLR2 and TLR4 recognition by monocytes or dendritic
cells (Vabulas et al., 2001; Heine et al., 2003; da Costa
et al., 2004). Moreover, macrophage infectivity potentiator
(Mip) has been associated with TLR2 recognition (Bas et al.,
2008). Although most reports state that TLR2 and TLR4 are
the most important receptors in Chlamydia recognition,
bacterial clearance is not affected in murine FGT infec-
tion of genitally infected TLR2- and/or TLR4-deficient mice
(Darville et al., 2003; den Hartog et al., 2009; Nagarajan
et al., 2011). However, we  were unable to find any studies
on MGT  infection in TLR2/4 KO mice in the literature. It has
been shown that FGT epithelial cells recognize Chlamydia
mainly by TLR2 (Darville et al., 2003; Derbigny et al., 2005;
O’Connell et al., 2006). In accordance, TLR2 KO female mice
infected with CM showed poorer inflammatory cytokine
responses and less inflammatory oviduct pathology com-
pared with infected wild-type mice (Darville et al., 2003).
Despite some discrepancies in the role of TLR2 and TLR4,
the major and critical role of MyD88 in the immune
response to CT is widely accepted, suggesting that, in addi-
tion to TLR2/TLR4, other PRRs are involved (Nagarajan et al.,
2005; Chen et al., 2010). Regarding other PRRs, Ouburg
et al. have shown that TLR9 may  be involved in CT immune
response. Using TLR9 KO mice, these authors showed that
TLR9 KO mice were protected from re-infection compared
with wild-type mice, suggesting the detrimental role of
TLR9 in CT infection (Ouburg et al., 2009). On the other
hand, it has recently been demonstrated that TLR3 also
plays an important role in mounting an immune response
to CT infection. It has been shown that infected TLR3-KO
female mice demonstrated lower levels of vaginal IL-1�,
IL-6, and CCL5 secretion, compromising their ability to con-
trol the infection (Derbigny et al., 2010, 2012). In addition,
the role of other immune mediators like � and � interfer-
ons has been studied in female genital tract CT infection.
It has been shown that infected IFN��R-KO mice elicit a
more robust specific CD4T cell response and more suc-

cessfully clear the infection than their infected wild-type
control counterparts (Nagarajan et al., 2008). These results
demonstrated the detrimental role of type I interferons in
mounting an effective immune response to control genital
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T infection. However, studies of CT infection of the MGT
sing either TLR3-KO or IFN��R KO mice have not been
eported to date.

All these data show that after CT infection, the local
icroenvironment of the host MGT  may  trigger different
echanisms to mount an immune response (Table 1). We

ostulated a scenario in which both resident leukocytes
nd epithelial cells would be activated in response to CT
ia TLR2, TLR4, and possibly other PPRs. Our results suggest
hat not only TLR2 and TLR4 on the surface membrane, but
lso these receptors recruited to the vicinity of chlamyd-
al inclusion could participate in the activation of epithelial
ells. This epithelial cell activation leads to production of
nflammatory cytokines and chemokines, mediators that
nduce the local recruitment of immune cells, thus initiat-
ng the immune response against Chlamydia (Fig. 2). These
bservations suggest that epithelial/leukocyte crosstalk
lays an important role in establishing a local immune
esponse to CT infection in the male genital tract. This
rosstalk may  play a crucial role in perpetuating inflamma-
ion and leading to chronic disease. Studying the specific
RRs that mediate Chlamydia recognition in MGT  cells
ould help to develop new strategies for the treatment of

cute and chronic MGT  pathology.

. CT and adaptive immune response

Despite much work focusing in the immune response
o CT, the reason why it takes so long to eradicate the bac-
erium remains unknown (Gottlieb et al., 2010). Geisler
t al. analyzed the duration of untreated genital CT infec-
ion in men  and showed that the probability of resolving
n infection increases over time, with half of Chlamydia
nfections spontaneously resolving around 1 year after
nitial testing and the other half leading to persistent infec-
ions (Geisler, 2010). Persistent infection may  be related
o its developmental cycle and subsequent niche creation
nto epithelial cells, facts that would impair the immune
esponse and favor the bacterium evading the immune sys-
em (Igietseme and Rank, 1991; Senior, 2012).

The inflammatory response is initiated and propagated
y host epithelial cells, the primary target of CT infection
Stephens, 2003). The inflammatory response mounted
o clear CT infection is also thought to drive reproduc-
ive tract pathogenesis and sequelae (Stephens, 2003).
s stated above, epithelial cells secrete chemokines that
ecruit inflammatory leukocytes to the infected site, and
ytokines that induce inflammation initiating an adap-
ive immune response (Rasmussen et al., 1997; Stephens,
003). The continuous release of inflammatory media-
ors during chronic persistent infection could also lead
o cell proliferation, tissue remodeling, and scarring. One
aradigm states that genital tract pathogenesis subsequent
o CT infection is due to the adaptive immune response to
hlamydial antigens during persistent infection (Brunham
nd Peeling, 1994). It is believed that the CT-specific adap-
ive immune response induces collateral tissue damage or,

f it fails to clear the infection, orchestrates inflammatory
athology during the ongoing chronic infection.

A wealth of data supports the central role of IFN�-
roducing CD4+ T cells, mainly known as T helper 1 (Th1)
ctive Immunology 100 (2013) 37– 53 47

cells, in the clearance of the infection (Cain and Rank, 1995;
Morrison et al., 1995; Barr et al., 2005; Miyairi et al., 2010;
Scurlock et al., 2011; Nagarajan et al., 2011). Most of these
data come from studies on FGT, while reports studying the
role of CD4+ T cells on CT infection of the MGT  are scarce
(Pal et al., 2004, 2009, 2010). The limited data available pro-
vided by studies about CT infection of human genital tract
support the idea that some degree of protective immu-
nity develops after infection; however, protection appears
to be partial, as can be noticed after CT re-exposure. In
animal models, the evidence strongly supports the devel-
opment of protective immunity, but immunity against
re-infection is protective only in the short term (Rank and
Whittum-Hudson, 2010). Data obtained from animal mod-
els suggest that the key elements involved in the resolution
of the infection by the immune response include: traffic-
king of Chlamydia-specific CD4+ T cells to the genital site;
production of Th1-type cytokines including IFN-�, which
inhibits intracellular chlamydial replication; and the pres-
ence of IgG antibody at the genital site, which can neutralize
extracellular EBs (Miyairi et al., 2010; Rank and Whittum-
Hudson, 2010; Pal et al., 2004, 2009, 2010; Scurlock et al.,
2011). Although CD8+ T cells and dendritic cells are also
recruited to the infected site, they do not seem to play a
central role in the clearance of the infection (Mittal et al.,
2004; Agrawal et al., 2009a,b). Serum and genital IgA and
IgG specific to CT antigens are usually detected in infected
females (Pate et al., 2001; Ghaem-Maghami et al., 2003;
Agrawal et al., 2007; Geisler, 2010), but their precise role
in the resolution of the infection remains unclear.

Although published studies on human cellular immune
response to CT infection are limited, they mainly show
that human mucosal lymphocytes and peripheral blood
mononuclear cells skewed toward Th1 rather than Th2
predominance (producing high levels of IFN� and low lev-
els of IL-10 after stimulation with chlamydial antigens)
(Cohen et al., 2000; Debattista et al., 2002; Agrawal et al.,
2009c). It is believed that skewing toward Th1 rather
than Th2 protects from sequelae and is effective in the
clearance of the infection. However, the specific profile
of the immune response that leads to resolution rather
than tissue damage promotion remains undefined. The
Th17 subset was  discovered years ago and has been impli-
cated in several autoimmune diseases (Medzhitov, 2007).
This new T helper cell subset might explain how ongoing
inflammation causes damage, leading to sequelae without
clearing the infection. Th17 cells induce proinflammatory
responses and recruit large numbers of neutrophils to
the infected site, but do not secrete IFN-�. Cytokines that
influence Th1 and Th2 lineage commitment, specifically
IFN� and IL-4, inhibit the development of Th17 cells (Kolls
and Lindén, 2004; Cruz et al., 2006). Furthermore, IL-1,
which is released from infected epithelial cells, has been
shown to promote Th17 differentiation (Benwell and Lee,
2010). However, little is known about the precise role of
Th17 cells in the immune response to CT infection. Exper-
iments performed using IL-17 KO mice have shown that

Th17 cells help to control CT genital infection, but there
are other ongoing immune mechanisms that successfully
deal with the infection in their absence (Scurlock et al.,
2011).
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All these data indicate that further studies focusing on
the specific Th profile, as well immune-mediated patho-
genesis, are promptly required to improve the whole
understanding of CT infections.

8. Animal models of infection

Animal models of CT infection have started to shed light
on the mechanisms involved in the protective immune
response. In recent years, this field has experienced sig-
nificant progress in the development of CT infection
models focusing on MGT, mainly for evaluating new
treatments and vaccine development (Pal et al., 2004,
2009, 2010) (Table 1). These experimental models allow
the knowledge of the immunopathology of CT infection
to be deepened; in addition, they aid the interpreta-
tion of clinical findings from studies on human infection
(Brunham and Rey-Ladino, 2005). There are numerous
studies of FGT infection with CT. Most of these focus
on the effects of chronic inflammation associated with
declining fertility rates, findings comparable to what is
observed in female infections (Miyairi et al., 2010; Shao
et al., 2012). Research performed in women as well as
FGT infection models have allowed a significant improve-
ment in understanding the physiopathology of underlying
Chlamydia-associated female infertility. It is surprising that
although similar prevalence and an extensively accepted
role for Chlamydia in the development of male urethritis,
epididymitis, orchitis, and prostatitis, research focusing on
the pathogenic mechanisms involved in MGT  infections
is still very limited (Domingue and Hellstrom, 1998; Pal
et al., 2004; Motrich et al., 2006, 2012; Cunningham and
Beagley, 2008; Mackern-Oberti et al., 2011a,b; Mackern
Oberti et al., 2011c). Until recent years, male animal mod-
els of CT infection were lacking, thus hindering the study
of the infection course after natural exposition as well
the adaptive immune response. Therefore, the importance
of this pathogen in MGT  pathology has been neglected
for decades. One of the main drawbacks of the experi-
mental models of MGT  infection is the exposure route of
the pathogen applied in the different studies. In experi-
mental models of MGT  infection, it is very important to
induce infection through the most natural route of infec-
tion in order to obtain results comparable to what occurs
in humans. Often, the infection route used is by direct inoc-
ulation into the target tissue. Jantos et al. performed one of
the first studies focusing on the MGT, inoculating Chlamy-
dia psittaci into the vas deferens and then looking for the
bacteria in the prostate, epididymis, and testis (Jantos et al.,
1998). Because of this artificial exposition, the results are
only partially comparable to findings observed in humans.
Pal et al. developed a model of MGT  infection with CM in
which infection develops after the inoculation of bacteria
into the urinary meatus. In these studies, CM was  isolated
from the urethra, bladder, epididymis, and testis after inoc-
ulation (Pal et al., 2004, 2009, 2010), thus inducing an
ascending infection that may  have similar characteristics to

human exposure and infection. The authors further evalu-
ated the role of both adaptive and innate immunity against
Chlamydia using C3H/SCID immunodeficient mice. Defi-
cient animals did not control the infection, suggesting that
ctive Immunology 100 (2013) 37– 53

the adaptive immune response is crucial for developing
protective immunity against CT (Pal et al., 2010). Published
reports studying the role of CD4+ T cells in CT infection
of the MGT  are scarce. Nonetheless, IFN�-producing CD4+
T helper type 1 (Th1) responses have been suggested to
be critical for bacterial clearance in FGT infection (Ito and
Lyons, 1999; Rottenberg et al., 2002; McClarty et al., 2007).
Studies about infection susceptibility and tropism of this
bacterium to male accessory glands are hard to follow
in detail. Our group developed a model of MGT  infection
with Chlamydia by the inoculation of CM into the urinary
meatus of rats and mice. We  showed that inoculation of
CM into the meatus was  capable of inducing an ascend-
ing infection of the urogenital tract, with the prostate
and seminal vesicles highly susceptible to being affected,
establishing a long-term infection, as the bacteria could
be detected up to 80 days post-infection. Although CT has
been extensively associated with human prostatitis; to our
knowledge, this is the first report of a mice model of CT
chronic infection affecting the prostate and seminal vesi-
cles (Mackern-Oberti et al., 2011a; Motrich et al., 2012).
As was also observed by Wang et al., histological lesions
were observed in the urethra, bladder, seminal vesicles,
and prostate after the infection. The lesions were more
commonly observed in prostate tissue, indicating that this
organ is highly susceptible in becoming injured by the
infection (Wang et al., 2010; Mackern-Oberti et al., 2011a).
They consisted of pro-inflammatory cell infiltrates, mostly
composed of lymphocytes, with high numbers of both CD8+
and CD4+ cells. These findings are similar to the clini-
cal observations from CT-infected women  with PID (Shao
et al., 2012). Furthermore, the special tropism of CT for
the prostate and seminal vesicles in experimental models
are also in agreement with clinical findings in CT-infected
men, which have shown that CT infects male accessory
glands and persists over a long period of time, constituting
a pathogen reservoir (Mulcahy et al., 1987; Zdrodowska-
Stefanow et al., 2000; Krause and Bohring, 2003). Moreover,
the persistence of the bacterium in the prostate may  favor
its antibiotic treatment owing to the limited permeability
of the prostate capsule to drugs (Wang et al., 2005). The
generation of an in vivo infection model has also allowed us
to analyze semen samples. We  were able to evaluate sperm
quality in semen and epididymal sperm samples; these
data had not been previously reported in animal models.
When we  evaluated whether CM infection of the MGT  was
able to induce alterations in semen quality, we observed
no differences between control and infected mice (Motrich
et al., 2012). These findings support the hypothesis that the
presence of CT in the MGT  does not result in detectable
alterations in semen quality parameters such as motil-
ity, sperm concentration, and viability. As ROS produced
by the CT infection process would be the most important
factor in damaging sperm cells, it is very likely that low-
molecular weight and enzymatic antioxidants present in
secretions of MGT  play an active role in suppressing the
deleterious effects of ROS, leading to a preservation of fer-

tility (Ochsendorf et al., 1999; Abdul-Sater et al., 2010).
However, it has been proposed (Cunningham and Beagley,
2008) that the lack of significant changes in semen qual-
ity does not ensure that CT infection of MGT  does not lead



Reprodu

t
a
b
f
p
c
t
2
p
s
t
(
b
a
p

a
t
a
p
t
t
e
s
f
g
e
n
t
m
s
a
b
t
(
o
M
T
s

9

c
l
m
s
b
U
i
r
c
d
c
c
e
t
w
a
I
o

J.P. Mackern-Oberti et al. / Journal of 

o alterations in male fertility. To go further and use our
nimal model of infection, we performed fertility studies
y mating infected or control males with sexually mature
ertile females. In agreement, we observed that the fertility
otential of infected males was similar to that observed in
ontrol males, suggesting once again that MGT  CT infec-
ion does not compromise male fertility (Motrich et al.,
012). These findings could occur because, despite the
resence of inflammatory factors potentially harmful to
perm cells, the protective mechanisms of the MGT are able
o neutralize the injurious factors produced by CT infection
Ochsendorf et al., 1999). All this information leads us to
elieve that despite having a CT chronic infection, no major
lterations in semen quality and subfertility conditions are
roduced.

It is well known that infections can trigger or promote
utoimmune processes. Some reports suggest that persis-
ent chlamydial infection induces self immune responses
gainst HSP60 by molecular mimicry of chlamydial HSP60,
romoting the development of autoimmune arthritis, mul-
iple sclerosis, atherosclerosis, vasculitis, diabetes, and
hyroiditis (Bachmaier and Penninger, 2005; Swanborg
t al., 2006; Cappello et al., 2009). Our group also demon-
trated that genital CM infection of male Wistar rats
avored the rupture of immune tolerance to prostate anti-
ens in a significant number of animals (Mackern-Oberti
t al., 2011a). When autoimmune-prone animals such as
on-obese diabetic (NOD) mice were studied, we found
hat CM infection favored the development of autoim-

une response to prostate antigens. The development of
elf-immune responses to prostate antigens in infected
nimals supports the hypothesis that infection with this
acterium in autoimmune-susceptible hosts may  favor
he development of organ-specific autoimmune disease
Mackern-Oberti et al., 2011a). To our knowledge, this is the
nly report that has associated chlamydial infection of the
GT  with an autoimmune response to prostate antigens.

hese findings may  help to improve the current under-
tanding of human CP/CPPS pathology.

. Conclusions

The special tropism of CT for the prostate during the
ourse of an MGT  infection favors its continuous presence,
eading to the production of cytokines/chemokines that

ay induce a state of chronic inflammation. In genetically
usceptible individuals, the chronic inflammation caused
y CT may  evolve at the onset of an autoimmune process.
nderstanding the local immune response to the infection

n each tissue of the MGT, as well the crosstalk between
esident leukocytes, epithelial and stromal cells would be
rucial in inducing protective immunity, thus helping in the
esign of new therapeutic approaches to a Chlamydia vac-
ine. New animal models of infections, as well as the full
haracterization of MGT  immunobiology, may  help in dis-
ase prevention and intervention. It is important to note
hat even though chronic chlamydial infection presents

ith substantial inflammatory events, it does not produce

lterations in semen quality and subfertility problems.
mmune intervention targeting future identified pathol-
gy mediators remains a principal priority in chlamydial
ctive Immunology 100 (2013) 37– 53 49

research for males, as well as female disease prevention
and treatment. This review provides the evidence neces-
sary to examine the interactions between CT and MGT
tissues, mainly in the male accessory sex glands, which are
of therapeutic relevance in microbiology and inflammation
research.
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