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Abstract

Introduction: Infection and inflammation of the reproductive tract by Chlamydia trachomatis (CT) 
are recognized as significant risk factors for male infertility. This study aimed to evaluate CT infection 
and its effects on seminal parameters and cytokines in asymptomatic patients with teratozoospermia. 

Material and methods: Semen samples from one hundred four male patients were collected, and CT 
detection was performed by polymerase chain reaction (PCR). The quality (volume, sperm concentration, 
pH, motility, morphology, and leucocytes) of the semen was measured by standard procedures recom-
mended by the World Health Organization (WHO). Pro-inflammatory cytokines [interleukin (IL)-1β, IL-6, 
IL-8, tumor necrosis factor α (TNF-α), and interferon γ (IFN-γ)], as well as anti-inflammatory cytokines 
(IL-4, IL-10), were determined by using enzyme-linked immunosorbent assay (ELISA). The frequency of 
CT infection was expressed as a percentage. Descriptive statistics were used for comparison of cytokines 
from infertile men, and then the Mann-Whitney U test was applied for the contrast of seminal parameters 
and cytokines from CT-infected versus non-CT infected men. 

Results: A ratio of 33/104 (31.7%) patients were positive for CT infection. The ejaculate of positive 
CT infection was found to have increased pH (pH = 7.65 in non-CT infected vs. 7.94 CT-infected men; 
p = 0.026). High levels of pro-inflammatory cytokines were found in the population studied; however, 
infected males were noted to have high levels of IL-1β [184.66 (0-3985.33 pg/ml), p = 0.001] and IL-6 
[87.8 (0-1042.8 pg/ml), p = 0.001]. 

Conclusions: CT infection increased seminal pH, as well as IL-1β and IL-6 cytokines, suggesting 
a potential role of infection and inflammation in asymptomatic patients with teratozoospermia.
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Introduction
Infertility is a major global problem of reproductive 

health. It is defined as the inability of sexually active cou-
ples to achieve pregnancy after 12 consecutive months of 
unprotected sex [1, 2]. Unfortunately, in many countries, 
infertility is under-diagnosed. It is estimated that 15% of 
all couples are infertile, and it is identified that a male fac-
tor plays a role in about half of the cases [3].

Furthermore, about 70% of cases of male infertility are 
idiopathic [2], and multiple factors are associated with the 
rest, such as genetic, hormonal, inadequate lifestyle, psy-
chological stress, pro-inflammatory cytokines, as well as 
sexually transmitted infections (STIs), including Chlamydia 

trachomatis (CT) [4, 5]. CT is an intracellular Gram-nega-
tive bacterium that causes infertility, although it may also 
cause urethritis and prostatitis in men [6, 7]. In male infer-
tility, there is considerable variability in the rate of CT in-
fection, ranging from 0 to 90.3%, and, in general, its prev-
alence is high in developing countries, such as Mexico [7].

Infections impair male fertility by different mecha-
nisms including damaging spermatogenesis and loss of 
sperm function [5], and induce immunological responses 
where pro-inflammatory cytokines and other immunoreg-
ulatory molecules are involved by interacting with cell 
types [8, 9], causing chronic inflammation and damage to 
spermatozoa [6, 8]. There are few reports concerning the 
relationship between CT infection, alteration in seminal 
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parameters [10], and elevated levels of pro-inflammatory 
cytokines as causes of male infertility [11].

For this reason, this study aims to investigate the CT 
infection and its effects on seminal parameters and cyto-
kines in asymptomatic patients with teratozoospermia. 

Material and methods

Study design and population

The present study was conducted at the “Hospital Mil-
itar de Especialidades de la Mujer y Neonatología” of the 
National Defense Ministry (SEDENA), Mexico City. 

The Institutional Human Research Ethical Committee 
approved the protocol and the informed consent forms. All 
experiments were examined and approved by the appro-
priate ethics committee and therefore were performed in 
accordance with the ethical guidelines of the Declaration 
of Helsinki, and the official Mexican Standard NOM-012-
SSA3-2012. 

One hundred four semen samples were obtained be-
tween January and November 2016 from military men 
aged 22 to 49 years old. Men were eligible for participa-
tion if they 1) were male partners from couples attending 
the clinic for inability to conceive within at least one year 
of unprotected regular sexual intercourse, 2) underwent 
sperm parameters analysis, and 3) provided semen by mas-
turbation. Additionally, a clinical examination was done.

Semen analysis and criteria

Specimens were allowed to liquefy at room tempera-
ture for 30 minutes; then, their macroscopic and micro-
scopic examinations were performed according to the 
World Health Organization (WHO) [1]. The men were 
considered to have teratozoospermia if the percentage of 
spermatozoa with normal morphology was ≤ 4%.

Detection of Chlamydia trachomatis by PCR

Semen samples were collected, and DNA extraction 
was performed using the DNeasy Blood and Tissue Kit  

(QIAGEN Ltd., U.K.), according to the manufacturer’s in-
structions. The amplification was carried out using specific 
primers KL1 and KL2 of CT [9]. The β-globin gene was 
used as a positive control for DNA extraction and PCR 
methods.

Cytokines in seminal plasma
Cytokine determinations were performed on semi-

nal plasma (dilution 1 : 1) per duplicate, using sandwich 
enzyme-linked immunosorbent assay (ELISA) for the 
pro-inflammatory cytokines interleukin (IL)-1β (range:  
8-1000 pg/ml), IL-6 (range: 24-1500 pg/ml), IL-8 (range: 
16-1000 pg/ml), tumor necrosis factor α (TNF-α) 
(range: 31-2000 pg/ml) and interferon γ (IFN-γ) (range:  
8-3000 pg/ml), as well as for the anti-inflammatory cy-
tokines IL-4 (range: 16-1000 pg/ml), and IL-10 (range: 
23-3000 pg/ml) (PeproTech, USA). Standard curves were 
developed for each cytokine according to the manufactur-
er’s instructions.

Statistical analysis
The frequency of CT infection was expressed as a per-

centage. Descriptive statistics were used for comparison 
of cytokines from infertile men. For continuous data, the 
nonparametric Mann-Whitney U test was applied for the 
contrast of seminal parameters and cytokines from CT-in-
fected versus non-CT infected men. Data was analyzed by 
SPSS statistical software, version 24 (IBM Corp., USA) 
and Microsoft Excel (Windows 10). In all cases, a statisti-
cal significance was assumed when p < 0.05.

Results
In this study, a ratio of 33/104 (31.7%) asymptomatic 

teratozoospermic patients were positive for CT infection.
Table 1 summarizes seminal parameters in non-CT-in-

fected and CT-infected asymptomatic patients with tera-
tozoospermia. Interestingly, CT-infected men showed an 
increased pH in semen. The concentrations of seminal 
cytokines were high in the population studied (Table 2).  

Table 1. Seminal parameters in the population studied

Parameter Non CT-infected
(n = 71)

CT-infected
(n = 33)

Significance p Normal  
parameters

Volume (ml) 3.56 ±1.44 3.1 ±0.84 0.761 1.5-5 ml

Total sperm number (106/ejaculate) 67.58 ±55.03 75.99 ±51.48 0.426 > 40 million

Sperm concentration (millions/ml) 21.36 ±17.92 29.21 ±25.16 0.371 > 20 million/ml

pH 7.65 ±0.61 7.94 ±0.60 0.026 7.2-7.8

Progressive motility (% A+B) 39.88 ±20.93 48.11 ±16.92 0.123 ≥ 32%

Normal morphology (%) 1.85 ±1.17 2.58 ±1.5 0.055 ≤ 4 %

Leucocytes (106) 1.32 ±1.71 0.78 ±0.72 0.189 ≤ 1 million

Values are media ± SD. Significance refers to Mann-Whitney test for difference between groups; the significance level is p ≤ 0.05. The normal parameters are 
those considered in the WHO laboratory manual for the examination and processing of human semen, Handbook, 5th ed., WHO 2010. CT – Chlamydia trachomatis
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The levels of pro-inflammatory cytokines IL-1β and IL-6 
in the CT-infected group were higher than in the non 
CT-infected group (Table 3).

Discussion
Recently, infection and inflammation of the male re-

productive tract have been recognized as severe risk fac-
tors of male infertility, where CT infection is among the 
most prevalent sexually transmitted disease in the world 
[12-14]. This study examined the relationship between CT 
infection and its effects on seminal parameters and inflam-
matory markers.

Firstly, a CT infection was found in 31.7% of the se-
men samples from asymptomatic teratozoospermic men. 
This prevalence rate is very similar to other reports from 
Mexico and Latin America, which demonstrated a prev-
alence of 31.9% [7], and 38.6% [15] in infertile patients, 
respectively; while in a specific population with teratozo-
ospermia the prevalence was reported to be 35% [7]. 

In terms of sperm quality, according to the WHO cri-
teria [1], the population herein studied was similar to other 
reports [10, 16, 17] because they also presented a higher 
pH value related to the CT infection (pH = 7.65 vs. 7.94). 
Recent findings suggest that CT infection may influence 
a change in pH to alkaline values in the female reproduc-
tive tract [18]. It has been observed that an alkaline pH 
favors a shift in the seminal microbiota, such as Lacto-
bacillus, in healthy men [19]. Microbial imbalance harms 
semen parameters, including sperm motility and morphol-
ogy, and the host becomes susceptible to other infections 
and diseases [19].

Concerning the immunological response, the results are 
consistent with other studies that have reported the pres-
ence of high levels of diverse cytokines in seminal plasma 
from infertile men, such as the pro-inflammatory cytokines 
IL-6 [20-23], TNF-α [18, 19, 21, 22, 25], IL-8 [19, 25, 26], 

IL-1β [20, 25], and IFN-γ [29], as well as the anti-inflam-
matory cytokines IL-4 [24] and IL-10 [30], among others 
[29, 30]. As in the case of most infections, the immune sys-
tem is a crucial element in the body’s attempts to eradicate 
pathogens such as Chlamydia trachomatis, which infect the 
epithelial cells and produce tissue damage. CT infection 
is characterized by clinical manifestations from subclinical 
disease to a robust inflammatory response; unfortunately, 
50% of men are asymptomatic which may lead to repeated 
transmission [6, 14]. Chronic inflammation by infections 
can lead to urethritis, epididymitis, epididymo-orchitis, and 
potentially prostatitis and infertility in men [6, 8, 31]; nev-
ertheless, this process has been poorly studied. 

Interestingly, the activation of immunological respons-
es due to infection was evidenced in this study, as well as 
others. Other authors have suggested that the CT infection 
often causes tissue lesions that stimulate IL-1, which in 
turn activates polymorphonuclear cells (PMN) and mac-
rophages, and subsequently, the production of IL-6, IL-8, 
IL-10, TNF-α, and IFN-γ is induced [8].

The IL-6 level in the seminal plasma has also been ob-
served to be higher in infertile men [17, 33] compared to 

Table 2. Descriptive statistics of seminal pro-inflammatory cytokines in the population studied

Cytokine (pg/ml) Mean (SD) Median (range) Percentile (25-75) Fertile men Infertile men

IFN-γ 731.92 ±1279.12 180.25 (0-7406) 0-951.5 0 (0-130)a 593 (192-1665)d

IL-1β 327.42 ±736.88 28 (0-3985.33) 0-198.41 0.70 (0.01-9)b 5.66 (0.1-334.8)b

IL-6 224.23 ±500.77 31.8 (0-2994.8) 0-205.8 11.98 (2.5-102)b 48.91 (6.9-2634)b

TNF-α 0.9457 ±6.63 0 (0-43.5) 0-0 2.76 (0.55-10.3)b 18.42 (0.8-360)b

IL-8 1477.61 ±5087.01 336.64 (0-31950) 199.12-336.64 441.84 (215.4-767)b 1975.34 (186.9-6754)b

IL-4 43.88 ±52.63 27.5 (0-212.5) 7.18-71.87 12.6 ±3.8c 8.4 ±3.9c

IL-10 16.06 ±92.34 0 (0-617) 0-0 2.81e 5.2 (2.7-7.7)f

Concentration of cytokines reported by aPolitch et al., 2007, bMoretti et al., 2008, cOmu et al., 1999, dSeshadri et al., 2009, eJiang et al. 2016, fMartínez-Prado 
and Camejo, 2009 for comparison. IFN-γ – interferon-γ, TNF-α – tumor necrosis factor-α, IL-4 – interleukin-4, IL-1β – interleukin-1β, IL-6 – interleukin-6,  
IL-8 – interleukin-8. Values are median (range) in pg/ml in all results, except the reference values of Omu et al., 1999, which are mean ±SD.

Table 3. Levels of seminal pro-inflammatory cytokines in 
non-Chlamydia trachomatis (CT)-infected and CT-infect-
ed patients

Cytokine
(pg/ml)

Non CT-infected
(n = 71)

CT-infected
(n = 33)

Significance
p

IFN-γ 494 (0-3394) 154 (0-7406) 0.320

IL-4 33.75 (0-212.5) 26.25 (0-91.25) 0.052

IL-1β 0 (0-1304) 184.66 (0-3985.33) 0.001

IL-6 0 (0-2994) 87.8 (0-1042.8) 0.001

TNF-α 0 (0-108.5) 0 (0-43.5) 0.687

IL-8 342.35 (0-31950) 364.85 (0-14817.1) 0.724

IL-10 0 (0-1177) 0 0.202

IFN-γ – interferon-γ, IL-4 – interleukin-4, IL-1β – interleukin-1β,  
IL-6 – interleukin-6, TNF-α – tumor necrosis factor-α, IL-8 – interleukin-8. 
Values are the median (range). Significance refers to Mann-Whitney U test for 
difference between both groups, the significance level is p ≤ 0.05.
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fertile men [34, 35]; however, the results found herein are 
the highest so far reported. Other authors have suggested 
that IL-6 is involved in lipid peroxidation (LP). This con-
clusion was confirmed due to the detection of a byproduct 
(malondialdehyde, MDA) added to IL-6, simultaneously 
[36]. These reactions activate oxidative stress, which con-
tributes to male infertility [8].

It is essential to consider that the population studied 
here consisted of infertile military men, whose condition 
contributes to presence of several neurochemical, endocri-
nological, and immunological alterations due to stress, as 
reported by other authors in military communities [36, 37]. 
This may also have contributed to modulated inflammatory 
cytokine levels. For example, studies on hypercortisolemia 
in military trainees suggest that this hormone also contrib-
utes to infertility due to decreases of testosterone by the 
repetition of psychological stress [37], and more in social-
ly dominant subjects [38]. In addition, cortisol has been 
found to increase IgE synthesis in response to IL-4, which 
suppresses the TNF-α production by monocytes [37]. The 
CT infection probably is chronic and accompanied by oth-
er pathogens in semen which are responsible for altered 
pro-inflammatory cytokine levels and an inadequate re-
sponse of Th2 cytokines such as IL-10 and IL-4. 

Furthermore, both low and non-significant levels of 
IFN-γ and TNF-α were found. This suggests that most of 
these patients were suffering from chronic infection with 
CT, as reported by Feodorova et al. [10]. It is proposed 
that IFN-γ participates in the activation of the innate im-
mune response at the beginning of the infection [6, 38].  
CT infection exerted its effect on motility at high concen-
trations, as reported by other authors [39]; hence, it may be 
assumed that this cytokine is no longer protecting against 
the chronic CT infection.

Taken together, the results suggest a strong pro-in-
flammatory response and a possible chronic CT infection, 
which can cause effects on the health of men and lead to 
pathologies such as chronic prostatitis with subfertility 
[40]. In conclusion, CT infection causes immunological re-
sponses because it increases IL-1β and IL-6, also increas-
ing seminal pH (see Fig. 1), suggesting a potential role of 
infection and inflammation in asymptomatic patients with 
teratozoospermia.
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