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ABSTRACT 
 

Chlamydia trachomatis is a mandatory intracellular bacterium whose only natural host is humans. It 
is the main cause of sexually transmitted bacterial infections worldwide and is most prevalent in 
young women and men (14-25 years) probably due to its asymptomatic course, inadequate 
treatment of the partner and delayed development of protective immunity. Chlamydia trachomatis 
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infects squamocolumnar or transition epithelial cells, causing cervicitis in women and urethritis in 
men. Symptoms are mild or absent. Infection by Chlamydia trachomatis exacerbates the host's 
inflammatory response to support its mandatory intracellular developmental cycle. Infertility is the 
most relevant sequel and affects 15% of couples of reproductive age. The factors responsible for 
infertility are dominated by Chlamydia trachomatis, which can cause serious complications, such as 
tubal obstructions, ectopic pregnancy, epididymitis, and total irreversible azoospermia. Infertility 
remains neglected or underdiagnosed in Angola and in most sub-Saharan African countries. The 
present study aims to estimate the prevalence of Chlamydia trachomatis and its impact on the 
reproductive health of couples worldwide, particularly in Sub-Saharan Africa. This review was 
performed by searching the relevant literature using keywords in the databases MEDLINE, PubMed 
and Uptodate without language or year restrictions, including Marital Infertility, Chlamydia 
trachomatis, and Angola. The prevalence of Chlamydia trachomatis infection is high, and the impact 
on human reproduction in Africa lacks screening programs and studies of greater scientific 
relevance. The high rates of asymptomatic infections, especially in women, suggest that diagnostic 
tests are available free of charge, as well as national screening programs for Chlamydia 
trachomatis, which already exist in other countries. This makes it possible to formulate policies to 
fight the disease, make diagnostic tests available free of charge, and develop clinical protocols for 
better guidance in clinical decisions. 

 

 
Keywords: Conjugal infertility; Chlamydia trachomatis; diagnosis; Angola. 
 

1. INTRODUCTION 
 
The World Health Organization (WHO) [1] states 
that sexually transmitted infections (STIs) are 
among the top five categories in the world for 
which people seek medical care due to the 
profound repercussions on sexual and 
reproductive health. Chlamydia trachomatis is 
the second most common STI in the world and 
the most common in young women [2]. A critical 
characteristic of the infection is that immunity is 
not long-lasting, and reinfection or persistent 
infection is common [3]. Further, the 
consequences of Chlamydia trachomatis make it 
the most expensive nonviral STI in the world [4]. 
 
The global prevalence is variable, and the data 
revealed by the U.S. Centers for Disease Control 
and Prevention (CDC) [4] show that 
approximately 3 million new infections are 
diagnosed each year in the United States                  
[5,6]. 
 
Several studies have shown that Chlamydia 
trachomatis is a gram-negative bacterium that 
parasitizes eukaryotic cells, which are found 
most frequently in the uterine cervix, with serious 
consequences for the health of women. It is 
considered a pathogen of high virulence, 
containing more than 20 serotypes. The 
bacterium has an affinity for squamocolumnar or 
susceptible transitional epithelial cells, leading to 
cervicitis in women and urethritis in men [7]. The 
transition zone is the probable initial site of 
infections, according to Reis-Góes et al. [8]. The 

symptoms are usually mild or absent, but the 
ascending infection in some women can lead to 
pelvic inflammatory disease (PID), resulting in 
reproductive sequelae, such as ectopic 
pregnancy, infertility and chronic pelvic pain. 
Complications of infection in men include 
epididymitis and reactive arthritis. In sexually 
active women, dyspareunia may reduce sexual 
satisfaction [9,10,11]. Herkenhoff et al. [12] 
reported that no sexually transmitted disease has 
outperformed Chlamydia trachomatis in terms of 
frequency. It is, therefore, the most referenced in 
Europe, and its detection is common in women 
with tubal lesions, in which surgical interventions 
have not proved fruitful, often determining 
permanent infertility. Its actual prevalence is 
unknown because it is often asymptomatic             
[13]. 
 
The diagnosis includes a detailed clinical history, 
to exclude other related pathologies, with the use 
of highly complex laboratory techniques such as 
polymerase chain reaction (PCR), whose 
identification sensitivity has been shown to be 
superior to those of culture examination. PCR 
also promotes the detection of nucleotide-
specific sequences [11]. Although there are 
antibiotics that can be used, antimicrobial 
treatment does not improve the disease after it is 
established. Drug resistance is rare, but 
treatment failures have been described. The 
development of an effective vaccine that protects 
against diseases of the upper tract or that limits 
continuous transmission is an important goal for 
its eradication [7]. 
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Some authors have suggested that 
uncircumcised male partners are more likely to 
develop a potential foreskin infection and may re-
infect his wife or other females upon intercourse. 
Also, women who have multiple male partners 
such as prostitutes and who resort to anal 
intercourse rather than the normal vaginal route 
are more likely to become infected and transmit 
the infection [14,15]. 

 
This review of the literature aimed to estimate the 
global prevalence of Chlamydia trachomatis 
infection worldwide, in sub-Saharan Africa and 
particularly in Angola. There is a need to conduct 
permanent epidemiological studies on the 
infectious diseases prevalent in Angola, as it will 
allow a global view of the multiple pathologies 
existing in the country, some of which have been 
poorly studied and others neglected. Studies that 
promote knowledge of the factors associated 
with prevalence, the various circulating 
Chlamydia trachomatis serotypes and their 
phylogenetic species will be of high relevance 
and social impact. In Angola, there is little 
scientific data available on this subject, and 
studies refer mainly to the impact of the disease 
on the reproductive health of couples. The 
clarification of these issues will allow the 
definition of strategies or policies to assist the 
affected cases, with a greater focus on the 
juvenile layer. There is a consensus that the 
greatest challenge in controlling Chlamydia 
trachomatis infection lies in the fact that 70 to 
80% of women and 50% of infected men are 
asymptomatic, making them the reservoirs of 
infection for their partners. 

 
2. METHODOLOGY 
 
This is a bibliographic review study, of the 
expository type, because it exposes a theme 
from the analysis and synthesis of several 
researches. The study was carried out from 
November 2021 to July 2022, with the objective 
of identifying and characterizing the scientific 
articles published, mostly, in a period of up to 5 
years, which addressed issues related to the 
prevalence and risk factors of Infection by 
Chlamydia Trachomatis. As search strategies, a 
search of relevant literature was carried out, 
available in full, using keywords in the MEDLINE, 
Pubmed, Scientific Electronic Library (Scielo) 
and Uptodate databases without language or 
year restrictions, including: Conjugal Infertility, 
Infection by Chlamydia trachomatis, Angola. As a 
criterion for the exclusion of articles, it was 

considered that they were not relevant to the 
topic. 
 

3. BASIC THEORETICAL FRAMEWORK 
 
The testimonies on Chlamydia trachomatis 
infection date back to 1907, when Ludwig 
Halberstaedter and Stanislau von Prowazek 
described, for the first time, an intracellular 
bacterial genus of Chlamydia infecting 
orangutans. They performed conjunctival smears 
of patients with trachoma and subsequently 
observed granulomas characteristic of trachoma 
in the conjunctiva of orangutans. Shortly 
thereafter, inclusions similar to those found in 
orangutan trachoma were observed in the 
conjunctival cells of European newborns [16]. 
 
From this perspective, Chlamydia trachomatis 
has been characterized as a gram-negative 
bacterium that is very virulent and has more than 
20 serotypes that parasitize eukaryotic cells. 
Thus, it causes problems in humans, most 
frequently in the cervix, with serious 
consequences to the health of women. It 
presents two morphologically distinct forms, one 
highly infectious, called elementary corpuscles 
(CEs), and the noninfectious metabolically active 
reticulated corpuscles (RCs) [8,17]. 
 

The course of the disease can be silent or 
subacute, leading to nonperception by the patient 
or nonsuspicion by the health professional. 
However, the most characteristic clinical sign of 
Chlamydia trachomatis is mucopurulent cervical 
discharge, which flows from the external cervical 
orifice and is not always observed [6,18]. 
 

Infection by Chlamydia trachomatis is considered 
one of the major problems for human 
reproductive health and is one of the most 
referenced infections in the world. It is, for all 
intents and purposes, a silent epidemic and a 
mandatory reporting disease because it is 
responsible for high rates of asymptomatic 
infections in women, being associated with PID, 
which eventually causes bridging and adhesions 
in the pelvic cavity, causing Curtis-Fitz-Hugh 
(CFH) syndrome. In addition, several authors, 
such as Bonetti and Silva [19], described other 
deleterious outcomes, highlighting chronic pelvic 
pain, dyspareunia, infertility, and ectopic 
pregnancy, all resulting in reduced quality of life 
for and sexually active women [20]. 
 

The female sex has a higher infectious risk for 
some STIs, such as Chlamydia trachomatis, 



 
 
 
 

Sampaio et al.; ARJGO, 8(2): 16-29, 2022; Article no.ARJGO.92524 
 

 

 
19 

 

because the cervical columnar epithelium, after 
puberty, is more exposed to the vaginal 
environment, with greater cervical ectopy, and is 
usually present in 60-80% of sexually active 
adolescents [20,21]. 
 
In men, untreated Chlamydia trachomatis 
infection may serve as an important reservoir, 
resulting in repeated transmission of the infection 
to their partners. The agent is able to bind to the 
sperm, eventually functioning as a disease vector 
for the female genital system. By this 
mechanism, it can cause occlusion of the male 
genital tract, causing lesions in the cells involved 
in spermatogenesis and inducing the production 
of anti-sperm antibodies, impairing their motility 
and causing premature death and male infertility 
[12,22,23,24]. 
 
Infertility caused by this infection has become a 
global public health problem, affecting 
approximately 8-10% of couples, especially 
young men and women. Thus, 30% of infectious 
causes of infertility are of female origin, 30% of 
male origin and 30% of mixed origin. It is 
estimated that in 10% of cases, it is not possible 
to determine the causes. 
 
Assis et al. [25] define infertility as a process 
resulting from organ failure due to dysfunction of 
the reproductive organs or gametes and 
characterized by the absence of pregnancy after 
12 months of regular sexual intercourse without 
the use of barrier methods. Fonseca [26] 
considers infertility as a life crisis and, as in all 
crises, contends that it produces changes in the 
emotional balance that cause a downwards 
cascade of self-esteem such as disorganization, 
sadness, loss of hope and feelings of guilt. 
 
The pathophysiological aspects and the 
mechanism of infertility, described by several 
authors, coincide. Infertility is associated with the 
presence of autoantibodies induced by repetitive 
silent infections of Chlamydia trachomatis, which 
induce the release of tumour necrosis factor 
alpha (TNF-α), interleukin-1 beta (IL-1β) and 
interferon gamma (IFN)-γ, resulting in apoptosis 
of epithelial cells and macrophages. Thus, 
repeated infections by this agent contribute to the 
increase in lesions and the level of immune 
response by specific antibodies such as anti-
Hsp60. The extent of the lesion seems to be a 
determinant for the establishment of tubal 
impermeability [27]. 
 

4. GLOBAL PREVALENCE OF 
Chlamydia trachomatis 

 
In a study of a sample of households in the 
United States conducted from 2007 to 2012 as 
part of the National Health and Nutrition 
Examination Survey (NHANES), the prevalence 
of Chlamydia trachomatis was 1.7% among 
participants aged 14 to 39 years old; this 
corresponded to 1.8 million infections. The 
highest prevalence was approximately 14% in 
African-American women [28]. 
 
Data from several authors, such as Santos et al. 
[29], Moraes [20], and Bonetti and Silva [19], 
revealed that Chlamydia trachomatis has been 
known since the 1980s as a bacterial infection 
and the most common cause of avoidable 
infertility. It is frequently identified in large urban 
centres. Although it affects both sexes, it is often 
treated only in women, since the manifestations 
and consequences have a greater impact on 
their reproductive health. 
 
Pereira [30] reported that Sweden was the first 
country in the world to consider Chlamydia 
trachomatis as a severe infection and to adopt 
screening programs [31]. Subsequently, other 
countries, such as the United States, Canada, 
England and Scotland, also adopted programs 
with the same objectives and obtained 
satisfactory results. Data released by the CDC 
regarding a managed care study showed that 
STI screening programs, especially for 
Chlamydia trachomatis, can reduce the incidence 
of (PID) by approximately 60% and reduce the 
expenditure of public resources [29]. 
 
Studies show that the prevalence of infection in 
young women in the United States has ranged 
from 2 to 7% among college students, from 4 to 
12% among women seen in family planning 
clinics and from 6 to 20% among all women seen 
in sexually transmitted disease clinics, which 
suggests that STIs have greater relevance 
associated with Chlamydia trachomatis [17]. 
 
Fernandes et al. [32] showed a prevalence of 
10.9% in women aged 20 to 47 years in their 
study; however, these rates varied according to 
the type of population studied, the size of the 
sample collected and the testing policies used for 
diagnosis, the sensitivity of the diagnostic tests, 
and the population’s access to health services 
[32]. 
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The WHO [1] reported that STIs are extremely 
endemic and constitute a public health challenge 
in the African region, as well as worldwide, and it 
is estimated that 357 million new cases of the 
four main curable STIs emerge annually at the 
global level in individuals ages 15 to 49. These 
STIs in descending order of frequency are 
trichomoniasis 142 million, chlamydia 131 million, 
gonorrhoea 78 million and syphilis 6 million. Most 
infections were observed in the Western Pacific 
and the Americas. Infection by Chlamydia 
trachomatis was the most common among the 
infections with mandatory reporting in the United 
States [33]. 
 
There is a consensus among researchers that 
there is a need for more studies on Chlamydia 
trachomatis due to its high prevalence. It is 
estimated that approximately 92 million new 
cases of infection occur each year, reaching 
almost 37% of STI cases; most are observed in 
developing countries, affecting mainly 
adolescents and young people in approximately 
8-40% of all cases [34]. The WHO [1] reports that 
this microorganism infects approximately 90 
million people per year through sexual 
intercourse and that 50-60% of cases progress to 
infertility, especially of the tubal type. Chlamydia 
trachomatis can exist in the host 
asymptomatically and cause devastating, 
irreparable and disabling damage. It is a silent 
epidemic [23,24,34,35]. 
 
In Colombia, in 2011, 1,313 cases were 
diagnosed; in 2010, 1,525 and in 2009, 1,538 
people were diagnosed with Chlamydia 
trachomatis infection [36]. The authors were 
unanimous in stating that approximately 5 to 14% 
of young people aged 16 to 20 and 3 to 12% of 
women from 20 to 24 years of age were infected 
with Chlamydia trachomatis [37]. 
 
A meta-analysis conducted by Roshani et al. [38] 
in Iran showed that the prevalence of women 
infected with Chlamydia trachomatis reached 
15%. The study by Lewis et al. [39] in Australia 
estimated the prevalence of infection among 
indigenous women under 25 years of age was 
22.1%. In women subjected to assisted 
fertilization, the prevalence was 40%, which is 
indicative of the importance of controlling and 
preventing the sequelae caused by this infection 
[34]. 
 
In the United States, infections by this agent are 
the most commonly reported STI, and health 
costs exceed USD $500 million per year. 

According to North American data from the CDC, 
this disease was the most often reported STI 
from 1994 to 2008 [35]. 
 
The North American studies showed an infection 
rate of 6.8% among sexually active women in the 
age group 14 to 19 years. The National 
Screening Program for Chlamydia trachomatis in 
England provides molecular screening for all 
individuals under 25 years of age who are 
sexually active [30]. 
 
Table 1 shows the prevalence of Chlamydia 
trachomatis infection across the various 
continents, ranging from 45.1% to 12.5%. The 
rate of detection was high in the 1980s and 
1990s, most likely due to the efforts of 
governments to adopt infection screening 
programs in response to reports of its high 
prevalence worldwide the high transmissibility 
and the repercussions on the health. A high 
prevalence was found on the Asian and African 
continents, of 16.3% and 16.5%, respectively, in 
adults (94.2%; CI = 89.2-97.3%) and adolescents 
(82.9%; CI = 66, 4-93.4%). The diagnosis was 
essentially made by immunofluorescence, and 
the biological samples used were the blood of 
the study participants (48.7%; CI = 48.8-51.7%) 
and cervical-vaginal smears (15.1%; CI = 14.8-
15.5%). 
 
In Portugal, adolescents aged 15 to 19 years are 
the age group with the highest rate of infection. 
According to the Report of the European Centres 
for Disease Control, 116 and 167 cases in this 
age group were reported in 2017 and 2018, 
respectively. This is a relevant public health 
concern due to the high rates among the young 
population, with multiple sexual partners, poor 
sex education, and high rates of reinfection. The 
asymptomatic course of infection hinders 
diagnosis as well as epidemiological control [40]. 
 
The rates of STIs have increased, even with the 
general awareness of the population and the 
implementation of new diagnostic techniques. 
Crosby et al. [41] attributed the increase in these 
rates to the trend of early onset of sexual activity 
among young people, involving multiple sexual 
partners, running the risk of not only being 
infected by Chlamydia trachomatis but also by 
other STIs, as shown in the map in Fig. 1. 
 
In a systematic review, 25 studies from several 
countries were analysed in which the prevalence 
of urogenital Chlamydia trachomatis in women 
ranged from 1.1% to 10.6% and for men from 
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0.1% to 12.1%. The mean prevalence of infection 
was variable between countries and was higher 
in women than in men, and the highest 
prevalence was found in younger age groups 

(<25 years). The absence of symptoms of 
infection was common in both men and women, 
with a mean of asymptomatic patients of 88.5% 
and 68.3%, respectively [41]. 

 
Table 1. Specific prevalence of C. trachomatis exposure and infection 

 

 Period No. Prevalence 95% CI 

1980-1990 510 45.1 40.7-49.5 
1991-2000 4.675 26.3 25.1-27.6 
2001-2010 10.548 14.2 13.5-14.9 
2011-2017 30.637 12.5 12.1-12.8 

 Continent    
 America 24.966 13.9 13.5-14.4 
 Europe 2.191 6.9 5.9-8.0 
 Asia 13.102 16.3 15.7-17.0 
 Africa 6.111 16.5 15.6-17.5 

 Age group    
 Adolescents 35 82.9 66.4-93.4 
 Youth 34.828 13.0 12.6-13.4 
 Adults 158 94.2 89.2-97.3 

 Diagnostic Test    
 Molecular (Amplification of Nucleic Acids) 43.724 13.5 13.2-13.9 
 Immunofluorescence 108 43.8 40.8-46.8 
 Immunoenzymatic 1.175 23.1 20.6-25.5 
 Cultivation 391 29.2 24.7-33.9 

 Sample    
 Cervical-vaginal smear 38.161 15.1 14.8-15.5 
 Urine 706 6.4 5.8-7.8 
 Serum-Blood 1.149 48.7 48.8-51.7 

Source: Lozano et al. [36] 

 

 
 
Fig. 1. Global estimate of new cases of four curable STIs per region in males and females aged 

15 to 49 years [41] 
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Fig. 2. Overall estimation of the prevalence of four STIs by region in females aged 15 to 49 

years [41] 
 
Fig. 2 shows that the overall prevalence of 
Chlamydia trachomatis infection from data 
collected between 2005 and 2012 was 4.2% 
(95% CI: 3.7-4.7%) in females aged 15 and 49 
years old, with regional prevalence ranging from 
1.8% to 7.6%. In males aged 15 to 49 years, the 
overall prevalence was 2.7% (95% CI: 2.0-3.6%) 
[41]. 
 
Approbato [42] emphasizes that the CDC five 
basic strategies for the prevention and control of 
STIs: (i) Education and counselling on how to 
avoid STIs for individuals who exhibit risky 
behaviours, (ii) screening for identification of 
asymptomatic and symptomatic carriers who do 
not seek health care, (iii) diagnosis and correct 
treatment of infected individuals, (iv) counselling 
and treatment of sexual partners, if they have 
STIs or not and finally (v) vaccination, when 
available, for individuals who are at risk of 
contracting an STI. A critical characteristic of 
Chlamydia organisms is that immunity to 
infection is not long-lasting. As a result, 
persistent reinfection is common. 
 

5. Chlamydia trachomatis INFECTION IN 
SUB-SAHARAN AFRICA AND 
ANGOLA 

 

The statistics on Chlamydia trachomatis infection 
on the African continent are consistent with the 
clinical and epidemiological aspects of other 
continents because it is a cosmopolitan infection. 
Peters et al. [11], in a cross-sectional study on 
Chlamydia trachomatis infection in South African 
women, reported that the prevalence is high in 

Sub-Saharan Africa, with more than 10 million 
new cases each year. The burden of STIs in 
South Africa is estimated at 20% and is higher in 
women than in men [10,12]. 
 
Masese et al. [43], in a study on the incidence 
and correlation of Chlamydia trachomatis 
infection in a high-risk group of Kenyan women, 
reported a global incidence of infection of 92 
million cases worldwide, and approximately 16 
million (17%) of those cases occurred in Africa. 
Another study conducted with female 
adolescents in Uganda estimated a prevalence 
of Chlamydia trachomatis of 4.5%, which was 
higher in at-risk groups, while in Nairobi, the 
prevalence in studies conducted with sex 
workers was 9% to 28.5% in Dakar-Senegal [43]. 
 
Regarding the impact of infection on human 
reproduction, the studies by Siemer et al. [44] 
and Ngandjio et al. [45] in Ghana showed that 
infection by Chlamydia trachomatis was a risk 
factor for infertility in women in Ghana and West 
Africa, with a prevalence of 3.78%. These 
researchers also found that most infections 
became undetectable due to asymptomatic 
patients, consequently increasing the proportion 
of infertile couples by approximately 11%, which 
also put this population at significant risk of 
human immunodeficiency virus (HIV) infection 
[44,45]. 
 
In this context, the epidemiological studies by 
Sturm-Ramirez et al. [44], conducted in Senegal 
on the molecular epidemiology of Chlamydia 
trachomatis, argued that some nonulcerative 
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pathogens, such as Chlamydia trachomatis, may 
serve as biological cofactors for seroconversion 
of HIV. The explanation lies in the inflammatory 
reaction caused by Chlamydia trachomatis, 
which promotes the access of CD4 lymphocytes 
(HIV target) to the inoculation site [46,47]. 
 
A hospital-based cross-sectional study of infertile 
women in Mwanza (Tanzania) was conducted by 
Ramadhani et al. from November 2015 and April 
2016 to determine the importance of Chlamydia 
trachomatis in endocervical smears of 290 
infertile women with an average age of 32 ± 6.6 
years using the Chlamydia rapid antigen test, 
with a PCR sensitivity and specificity of 87.5% 
and 96.5%, respectively [48]. 
 
They showed that the prevalence of Chlamydia 
trachomatis was 105/290 (36.21%, 95% CI 
30.6% to 41.7%). The prevalence was 
significantly higher than that of young 
adolescents (p <0.001). In addition, Chlamydia 
trachomatis was more strongly associated with 
primary infertility (45/104, 43.3%) than with 
secondary infertility (60/186, 32.2%). The 
difference in prevalence between the two studies 
suggests that Chlamydia trachomatis is an 
important factor in infertility, while the association 
with primary infertility indicates that it affects 
women at a relatively young age and concludes 
that the prevalence of Chlamydia trachomatis 
among infertile women in Mwanza is high. Thus, 
establishing the prevalence of Chlamydia 
trachomatis can be a powerful argument in 
favour of prioritizing interventions, such as 
routine screening and treatment of high-risk 
women [48]. 
 
Data on Angola are referenced by a study by 
Cappuccinelli et al. [49] conducted at the 
Lucrécia Paim Maternity Hospital, which sought 
to evaluate the incidence of Chlamydia 
trachomatis infection and concluded that 
infection is one of the major causes of 
endocervicitis/PID in women and 
epididymitis/deferentitis in men. The consequent 
conjugal infertility tends to be simultaneously a 
health problem and a social disadvantage in the 
context of African culture [49]. The same study 
revealed an incidence of 27-75%, and the cases 
presented with symptoms of pelvic pain, 
cervicitis, dysuria and dyspareunia, 
corresponding to 41.1%, 51.5%, 8% and 4%, 
respectively. The incidence was higher in the 20-
24 age group, with approximately 25.2%, when 
subjected to the Indirect Immunofluorescence 
Test [49]. 

6. BIOLOGY OF Chlamydia trachomatis 
 
Chlamydia trachomatis is a mandatory 
intracellular bacterium whose only natural host is 
human. It develops successful mechanisms to 
prevent destruction by autophagy and by the 
host's immune system, persisting within its 
epithelial cells [50]. Chlamydia has a biphasic 
cycle, with two forms: the first is called 
elementary bodies (EC), which is the infectious 
and resistant form that survives in the 
extracellular environment, and the second is 
called reticular bodies (RCs), which is 
noninfectious and is the proliferative form of the 
disease [8]. 
 
There are several serotypes of Chlamydia 
trachomatis, and until 1999, the order 
Chlamydiales had only the genus Chlamydia 
within the family Chlamydiaceae, with 
differentiation of the four species Chlamydia 
trachomatis, Chlamydia psittaci, Chlamydia 
pneumoniae and Chlamydia pecorum defined by 
phenotypic, morphological and morphological 
criteria [31]. 
 
Until the 1960s, it was considered a virus due to 
its small size ranging from 0.2 to 1.5 µm and its 
mandatory intracellular parasitism, not having the 
ability to generate ATP to produce its own 
energy, depending entirely on the host for its 
reproduction. However, these organisms have 
several properties that confirm their bacterial 
nature, such as internal and external membranes 
similar to those of gram-negative bacteria, 
possession of DNA, RNA and ribosomes, 
synthesis of their own proteins, nucleic acids and 
lipids, and susceptibility to antibiotics [17]. 
 
The members of the order Chlamydiales are 
bacteria phylogenetically distinct from all known 
bacteria because they have a unique biphasic 
development cycle that differentiates them from 
all other prokaryotes [31]. The species 
Chlamydia trachomatis is divided into more than 
a dozen serovars, a division based on the 
specific immunoreactivity of OMP (outer 
membrane proteins), which are membrane 
surface proteins associated with LPS 
(lipopolysaccharide antigen) that have species-
specific epitopes containing four regions with 
variable amino acid sequences among the 
different serovars. 
 
The genes encoding the OMPs in the different 
serovars have a high degree of homology, and 
these regions are predominantly constant, 
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spaced by four variable domains (VDs), grouped 
from I-IV, with approximately 40 to 90 bp (base 
pairs). There is a variation in the sequence of 
amino acids and in the length of the OMPs 
(between 372 and 375 amino acid residues); this 
is due to the differences observed in the VD 
coding sequences between the serovars of 
Chlamydia trachomatis [31]. 
 
The serovars are divided into three disease 
groups, which for ocular disease (trachoma) is 
implicated by serovars A, B, Ba and C, which are 
agents of follicular conjunctivitis, responsible for 
the blindness of neonates worldwide; the disease 
is preventable but has a high prevalence in 
Africa, the Middle East, Asia and South America. 
Among those involved in sexually transmitted 
infections are serovars D, Da, E, F, G, Ga, H, I, 
Ia, J and K. The prevalence of these serovars is 
heterogeneous, but authors from different 
countries report serovars D and EF as the most 
often implicated; however, genotypes D, F, E, 
and G are significantly associated with women 
younger than 25 years of age, with high 
exposure to risk factors for STIs [31,51]. 
 

7. GENETICS OF Chlamydia trachomatis 
 
The genome of Chlamydia trachomatis is formed 
by a circular chromosome with approximately 
1,045 megabases whose content is 45% 
guanine-cytosine and a plasmid called a cryptic 
plasmid of 7.5 kilobases (kb). The plasmid 
encodes eight proteins and is a transcriptional 
regulator of chromosomal genes and a virulence 
factor. The plasmids isolated from Chlamydia 
trachomatis are conserved, with less than 1% 
variation in the nucleotide sequence; these have 
eight phases of open reading frame (ORF) 
interspersed with four short noncoding 
sequences of 22 bp [52]. 
 

7.1 Immune Response 
 
Immune response is based on the action of 
Mannose Binding Lecithin (MBL), Mannose-
Binding Lectin and the presence of heat shock 
proteins (Hsp60). MBL is synthesized primarily in 
the liver and has the function of recognizing 
antigens through structures arranged on their 
surfaces, called pathogen-associated molecular 
patterns (PAMPs), which in turn contain cellular 
receptors, pathogen recognizers (PRRs), 
promoters of inflammatory modulation and cell 
apoptosis. A state of MBL deficiency suggests 
that this condition predisposes patients to 
numerous infectious diseases, including 

Chlamydia trachomatis. Thus, there is a 
hypothesis that there is a defect in the first line of 
innate defence of the host; the variant of codon 
54 of the gene, which codes for MBL, may 
contribute to the persistence of Chlamydia 
trachomatis in the upper female genital tract. The 
development of epitope immunity in Chlamydia 
Hsp60, which is also present in the 
corresponding human Hsp60, may increase the 
susceptibility to pregnancy failure in infected 
women [50]. Vinagre [53] also reported that the 
frequency of MBL deficiency was higher not only 
in women but also in partners (14% to 16%) than 
in controls (less than 5%). 
 
The Hsp60 protein (CT-Hsp60) is synthesized 
during persistent infection and is released into 
the bloodstream; as a consequence, the cells 
that make up the body's immune system will 
produce anti-Chlamydia trachomatis-Hsp60 
antibodies [41,54]. The members of the Hsp60 
family are especially recognized as 
immunodominant antigens of some pathogens, 
such as Chlamydia trachomatis. 
 
Infection in the upper genital tract will induce an 
intense tubal inflammatory response, with the 
action of antibodies against Chlamydia 
trachomatis Hsp60, causing tubal lesions. Some 
of these Hsp60 polypeptides are involved in 
protein folding and translocation of organelles 
through cell membranes, which are called 
molecular chaperones. The presence of Hsp60 
may be essential for cell multiplication, also 
developing important functions for the regulation 
of cell differentiation, division and apoptosis 
[41,50]. 
 
Although this protein is initially associated with 
beneficial and physiological properties, Hsp60 
expression has also been associated with 
several pathological conditions. 

 
Hsp60 triggers humoral and cell-mediated 
immune responses with intense macrophage 
activity. Activated macrophages release 
proinflammatory cytokines, and infection induces 
the release of tumour necrosis factor alpha (TNF-
α), interleukin-1 beta (IL-1β) and interferon 
gamma (IFN-γ) [55]. 

 
Apoptosis of epithelial cells and infected 
macrophages leads to the release of more 
proinflammatory cytokines and exacerbates the 
host's inflammatory response. Thus, repeated 
infections by this agent contribute to the increase 
in lesions and the level of immune response by 
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anti-Hsp60 antibodies, and the extent of the 
lesion seems to be determinant in the 
establishment of tubal impermeability. In this 
context, Valladão et al. [54] showed that 75% of 
women who were unable to become pregnant, 
who had tubal occlusion and no previous history 
of STI had circulating antibodies to the structural 
antigens of Chlamydia trachomatis [56]. 
 

8. CONCLUSION 
 

 When analyzing the articles reviewed, it is 
clear that countries should increasingly 
create robust and functional long-term 
projects, implementing Chlamydia 
Trachomatis screening programs, in the 
context of primary prevention as it is believed 
to be a public health problem, a silent 
pandemic, a disease of mandatory 
declaration, due to the high rates of 
asymptomatic cases. 
 

 Once it affects the human body, it causes 
devastating and irreversible injuries, such as 
marital infertility and chronic pelvic pain. This 
care should be offered to affected couples, 
as the disease has been treated only as part 
of women's health care, since the 
manifestations and consequences have a 
greater impact on the reproductive health of 
women than of men. 
 

 The high rates of asymptomatic infections, 
especially in women, suggest that diagnostic 
tests are available free of charge, as well as 
national screening programs for Chlamydia 
trachomatis, which already exist in other 
countries. This makes it possible to formulate 
policies to fight the disease, make diagnostic 
tests available free of charge, and develop 
clinical protocols for better guidance in 
clinical decisions. 
 

 This bibliographic review guides the need to 
prepare more works that address and 
deepen knowledge about existing methods 
for scientific production, bringing 
contributions to academics and researchers 
from different areas of knowledge. It is 
understood that the scientific development of 
a country largely depends on the training of 
trained human resources, as well as on 
consistent, continuous and long-term 
investments, therefore, there is a need for 
continuous improvement of the scientific 
support infrastructure system. 
  

 We believe that studies should be 
encouraged to the Academies so that the 
state of the art of several other pathologies is 
known, in order to increasingly encourage 
Scientific Research and, consequently, firm 
steps are taken towards the development of 
countries and that the results are reflected 
positively in the lives of populations. 

 

9. RECOMMENDATIONS 
 

1. After an exhaustive literature review, it is 
understood that several countries already 
have screening programs for this infection, 
with a proven benefit in reducing the 
prevalence and reproductive complications. 
There are no formal recommendations that 
guide its diagnosis and treatment, as the lack 
of information and inaccessibility to 
diagnostic tests prevail as significant 
impasses in the control of the disease, which 
can result in severe impacts on the 
reproductive health of families. 

2. New research projects must be developed 
for the development of Scientific 
Investigation and it is recommended that in 
the strategy of approaching the infection by 
Chlamydia trachomatis it is essential to 
include primary prevention programs in 
individuals and groups at risk, apply 
surveillance systems of diagnosed cases, 
which include notification and treatment of 
partners. These attitudes could result in a 
positive impact on Public Health. 

3. It is also essential to invest in Health 
Education, definition of guidelines for 
diagnosis and treatment, identification of risk 
factors and knowledge of the sexual 
behavior and life habits of the population 
studied, as this process can contribute to the 
expansion preventive measures and sex 
education. 

 

ACKNOWLEDGEMENTS  
 

Authors would like to acknowledge to all those 
who dedicated themselves to the effectiveness of 
this article. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. WHO. Global health sector strategy on 
sexually transmitted infections 2016-2021: 



 
 
 
 

Sampaio et al.; ARJGO, 8(2): 16-29, 2022; Article no.ARJGO.92524 
 

 

 
26 

 

Implementation framework for the African 
Region. Geneva, World Health 
Organization, document AFR/RC67/7; 
2017. 

2. Olguín Magaña C. Updated review of 
generalities and diagnosis of Chlamydia 
Trachomatis [monography]. [Chile]: 
University of Talca. School of Medical 
Technology; 2020. 

3. Brunham RC, Rappuoli R. Chlamydia 
trachomatis control requires a vaccine. 
Vaccine. 2013;31(15):1892–1897. 

DOI: 10.1016/j.vaccine.2013.01.024 

4. Owusu-Edusei K, Chesson HW, Gift TL, 
Brunham RC, Bolan G. Cost-effectiveness 
of Chlamydia vaccination programs for 
young women. Emerging Infectious 
Diseases. 2015;21(6):960–968. 

DOI: 10.3201/eid2106.141270 

5. Centers for Disease Control and 
Prevention (CDC). Sexually transmitted 
disease surveillance. Atlanta: US. 
Department of Health & Human Services; 
2018. 

6. Felicita A, Torres N, Achig M. Detection of 
Chlamydia trachomatis by real-time PCR 
in newborns at Isidro Ayora Hospital, 
Quito-Ecuador. Investigative Nursing. 
2020;5(3): 46-52. 

7. O'Connell C, Ferone M. Chlamydia 
trachomatis Genital Infections. Microbial 
Cell. 2016;3(9):390-403. 

DOI: 10.15698/mic2016.09.525 

8. Reis-Góes F, Lima F, Amorim C, Santa 
Izabel T. Prevalence of Chlamydia 
trachomatis infection in the Brazilian 
female population: A review article. 
Research, Society and Development. 
2020;9(7):e567974483. 

DOI: 10.33448/rsd-v9i7.4483 

9. den Heijer CDJ, Hoebe CJPA, Driessen 
JHM, Wolffs P, van den Broek IVF, 
Hoenderboom BM, et al. Chlamydia 
trachomatis and the risk of pelvic 
inflammatory disease, ectopic pregnancy, 
and female infertility: A retrospective 
cohort study among primary care patients. 
Clinical Infectious Diseases. 2019;69(9): 
1517-1525. 

DOI: 10.1093/cid/ciz429 

10. Fernandes LB, Arruda JT, Approbato MS, 
Garcia-Zapata MTA. Chlamydia 
trachomatis and Neisseria gonorrhoeae 
infection: Factors associated with infertility 
in women cared for in a public human 
reproduction service. Brazilian Journal of 

Gynecology and Obstetrics. 2014;36(8): 
353–358. 
DOI: 10.1590/SO100-720320140005009 

11. Peters R, Dubbink J, van der Eem L, 
Verweij S, Bos M, Ouburg S, et al. Cross-
sectional study of genital, rectal, and 
pharyngeal Chlamydia and Gonorrhea in 
women in rural South Africa. Sexually 
Transmitted Diseases. 2014;41(9):                 
564-569. 
DOI: 10.1097/OLQ.0000000000000175 

12. Herkenhoff ME, Gaulke R, Vieira LL, 
Ferreira PS, Pitlovanciv AK, Remualdo VR. 
Prevalence of Chlamydia trachomathis in 
endocervical samples of women in São 
Paulo and Santa Catarina by PCR. 
Brazilian Journal of Pathology and 
Laboratory Medicine. 2012;48(5):323–327. 
DOI: 10.1590/S1676-24442012000500004 

13. Martins J, Luis CR, De Aguiar TC, Marcos 
JMG, & Brito MJR. Chlamydia trachomatis 
infection in the first year of life. Annals of 
Pediatrics. 2011;74(5):298-302. 

14. Hegazy AA, Al-Rukban MO. Male 
circumcision: Review and authors 
perspective. The Health. 2012;3(1):24-30. 

15. Hegazy AA, Hegazy MA. Anal intercourse 
and idiopathic infertility: Anatomical 
considerations and authors’ perspective. 
Trends Med. 2019 Jan 3;19:1-3. 

16. Rocco F. Evaluation of molecular 
methodologies for diagnosis of Neisseria 
gonorrhoeae and Chlamydia trachomatis 
infections [dissertation]. [Brazil]: 
Institutional Repository of the University of 
Santa Catarina; 2018. 

17. Siqueira CR. Genital infection caused by 
Chlamydia trachomatis bacteria and or 
laboratory diagnosis [monography]. 
[Brazil]: Faculty of Sudoeste Paulista de 
Itapetininga; 2017. 

18. Marques CAS, Menezes MLB, Coelho 
IMG, Marques CRC, Celestino LC, Melo 
MC, et al. Genital infection by Chlamydia 
trachomatis in homes treated in a conjugal 
sterility outpatient clinic. DST Brazilian 
Journal of Sexually Transmitted Diseases. 
2007;19(1):5-10. 

19. Bonetti T, Silva IDCG. Chlamydia 
trachomatis and reproduction. Brazilian 
Journal of Human Reproduction. 2008; 
6(3). 

20. Moraes JSV. Evaluation of tests for the 
diagnosis of Chlamydia trachomatis 
infections and profile of infected people 
[dissertation]. [Brazil]: Federal University of 
Minas Gerais; 2009. 



 
 
 
 

Sampaio et al.; ARJGO, 8(2): 16-29, 2022; Article no.ARJGO.92524 
 

 

 
27 

 

21. Crosby RA, DiClemente RJ, Wingood GM, 
Salazar LF, Rose E, Levine D, et al. 
Associations between sexually transmitted 
disease diagnosis and subsequent sexual 
risk and sexually transmitted disease 
incidence among adolescents. Sexually 
Transmitted Diseases. 2004;31(4):                 
205-8. 
DOI:10.1097/01.olq.0000114940.07793.20 

22. Fernandes SLT. Chlamydia trachomatis 
genital infection screening and female 
morbidity reduction - An evidence-based 
review. RPMGF. 2018;34(6):384-97.  
DOI: 10.32385/rpmgf.v34i6.12249 

23. McKeithen D, Omosun Y, Ryans K, Mu J, 
Xie Z, Simoneaux T, et al. The emerging 
role of ASC in dendritic cell metabolism 
during Chlamydia infection. PLOS ONE. 
2017;12(12):e0188643. 
DOI: 10.1371/journal.pone.0188643 

24. Gwyn S, Mitchell A, Dean D, Mkocha H, 
Handali S, Martin DL. Lateral flow-based 
antibody testing for Chlamydia 
trachomatis. Journal of Immunological 
Methods. 2016;435:27-31.  
DOI: 10.1016/j.jim.2016.05.008 

25. Assis LV, Novais DFF, De Moura ES, 
Oliveira JRA, Rodrigues KMR, Franco LA, 
et al. Chlamydia trachomatis and the risk 
of pelvic inflammatory disease evolving to 
female infertilityna: A bibliographic review. 
Scientific Collection. 2021;19:e5669. 
DOI: 10.25248/reac.e5669.2021 

26. Fonseca GMT. Psychopathology and 
infertility [dissertation]. [Portugal]: Open 
Repository of the Superior Institute Miguel 
Torgas; 2016. 

27. Palma CAPT. Infertility in women and the 
occurrence of sexually transmitted 
infections in childbearing age [dissertation]. 
[Portugal]: Universidade Nova Repository 
of Universidade Nova Lisboa; 2011. 

28. Torrone E, Papp J, Weinstock H, Centers 
for Disease Control and Prevention (CDC). 
Prevalence of Chlamydia trachomatis 
genital infection among persons aged 14-
39 years--United States, 2007-2012. 
Morbidity and Mortality Weekly Report. 
2014;63(38):834-838. 

29. Santos L, Ulian W, Trindade J, Sousa F, 
Oliveira J, Pereira C, et al. Prevalence of 
endocervical Chlamydia trachomatis 
infection in university students in the state 
of Pará, Amazon Region, Brazil. Pan-
Amazonian Health Magazine. 
2017;8(3):27-33. 
DOI: 10.5123/S2176-62232017000300004 

30. Pereira JDS. Detection of Chlamydia 
trachomatis in endocervical samples from 
HIV-positive women from Palhoça/SC 
[dissertation]. [Brazil]: Federal University of 
Santa Catarina, Faculty of Medicine; 2016. 

31. Magalhães ZV. Chlamydia trachomatis 
infection: Knowledge, attitudes and 
practices of a population of university 
health students [dissertation]. [Portugal]: 
Universidade Nova Repository of 
Universidade Nova Lisboa; 2010. 

32. Fernandes LB, Arruda JT, Approbato MS, 
García-Zapata MTA. Chlamydia 
trachomatis and Neisseria gonorrhoeae 
infection: Factors associated with infertility 
in women attending a public human 
reproduction service. Brazilian Journal of 
Gynecology and Obstetrics. 
2014;36(8):353-8. 
DOI: 10.1590/SO100-720320140005009 

33. Grajales-Zapata JC, Vélez-Gómez D, 
Villegas-Castaño A, McEwen-Ochoa JG, 
Martínez A. Sexual transmission networks 
of Chlamydia trachomatis Neisseria 
gonorrhoeae in inhabitants of Calle de la 
Ciudad de Medellín: Final results. Iatreia. 
2020;33(1-S):S16-S17. 

34. Faria AMV, Grassi VMT, Telles TM, Silva 
MSN. Detection of Chlamydia trachomatis 
in cervical specimens by the Polymerase 
Chain Reaction. ULBRA Scientific Initiation 
Journal. 2018 [cited 2022 Mar 14];1(16). 

35. Naglak E, Morrison S, Morrison R. 
Neutrophils are central to antibody-
mediated protection against genital 
Chlamydia. Infection and Immunity. 2017; 
85(10). 
DOI: 10.1128/IAI.00409-17 

36. Lozano LAT, Orozco LIZ, Arias JAC. 
Prevalence of Chlamydia trachomatis in 
sexual workers: Systematic review. 
Medicine Archives. 2018;14(3):5-9. 

37. Freitas NSL. Detection of Chlamydia 
trachomatis by the Polymerase Chain 
Reaction (PCR) technique in women 
treated at the infertility clinic at Hospital 
Dona Francisca Mendes, Manaus - 
Amazonas [dissertation]. [Brazil]: Digital 
Library of Theses and Dissertations of the 
Federal University of Amazonas; 2007. 

38. Roshani D, Ramazanzadeh R, Farhadifar 
F, Ahmadi A, Derakhshan S, Rouhi S, et 
al. A PRISMA systematic review and meta-
analysis on Chlamydia trachomatis 
infections in Iranian women (1986–2015). 
Medicine. 2018;97(16):e0335. 
DOI: 10.1097/MD.00000000000010335 



 
 
 
 

Sampaio et al.; ARJGO, 8(2): 16-29, 2022; Article no.ARJGO.92524 
 

 

 
28 

 

39. Lewis D, Newton D, Guy R, Ali H, Chen M, 
Fairley C, et al. The prevalence of 
Chlamydia trachomatis infection in 
Australia: A systematic review and meta-
analysis. BMC Infectious Diseases. 
2012;12(1). 

DOI: 10.1186/1471-2334-12-113 

40. Vaz Pereira F, Borges da Costa J. 
Chlamydia Trachomatis genital infection in 
Portuguese adolescents. Journal of the 
Portuguese Society of Dermatology and 
Venereology. 2020;78(3):237-243. 

DOI: 10.29021/spdv.78.3.1226 

41. Castro MA. Prevalence of Chlamydia 
trachomatis infection in women screened 
opportunistically [dissertation]. [Brazil]: 
Faculty of Medical Sciences of Santa Casa 
de São Paulo; 2019. 

42. Approbato FC. Prevalence of Chlamydia 
trachomatis by polymerase chain reaction 
(PCR) technique in infertile women 
[dissertation]. [Brazil]: Repository of the 
Federal University of Goiás; 2012. 

43. Masese L, Baeten J, Richardson B, Deya 
R, Kabare E, Bukusi E, et al. Incidence 
and correlates of Chlamydia trachomatis 
infection in a high-risk cohort of Kenyan 
Women. Sexually Transmitted Diseases. 
2013;40(3):221-225. 

DOI: 10.1097/OLQ.0b013e318272fe45 

44. Siemer J, Theile O, Larbi Y, Fasching PA, 
Danso KA, Kreienberg R, Essig A. 
Chlamydia trachomatis infection as a risk 
factor for infertility among women in 
Ghana, West Africa. The American Journal 
of Tropical Medicine and Hygiene. 
2008;78(2):323–327. 

45. Ngandjio A, Clerc M, Fonkoua M, Thonnon 
J, Njock F, Pouillot R, et al. Screening of 
Volunteer Students in Yaounde 
(Cameroon, Central Africa) for Chlamydia 
trachomatis infection and genotyping of 
isolated C. trachomatis strains. Journal of 
Clinical Microbiology. 2003;41(9):4404–
4407. 

DOI: 10.1128/JCM.41.9.4404–4407.2003 

46. Sturm-Ramirez K, Brumblay H, Diop K, 
Gueye-Ndiaye A, Sankale J, Thior I, et al. 
Molecular epidemiology of genital 
Chlamydia trachomatis infection in high-
risk women in Senegal, West Africa. 
Journal of Clinical Microbiology. 
2000;38(1):138-145. 

DOI: 10.1128/JCM.38.1.138–145.2000 

47. Becker D. Detection of Chlamydia 
trachomatis in cervical samples by 
polymerase chain reaction [dissertation]. 
[Brazil]: Digital Repository of the Federal 
University of Rio Grande do Sul; 2005. 

48. Ramadhani M, Mirambo M, Mbena H, 
Kihunrwa A, Mshana S. High prevalence of 
Chlamydia trachomatis infection among 
infertile women in Mwanza City, Tanzania: 
A need to introduce screening and 
treatment programme. Sexually 
Transmitted Infections. 2017;93(2):111-
111. DOI: 10.1136/sextrans-2016-052795 

49. Cappuccinelli P, Gomes E, Rubino S, 
Zanetti S, Lemos C, Calundungo R, et al. 
Chlamydia trachomatis in gynecological 
infections in Luanda, Angola. 
Genitourinary Medicine. 1995;71(5):326-
327. 

DOI: 101136/sti71.5.326 

50. Witkin S, Minis E, Athanasiou A, Leizer J, 
Linhares I. Chlamydia trachomatis: The 
persistent pathogen. Clinical and Vaccine 
Immunology. 2017;24(10). 

51. Santos LM. Prevalence and genotypic 
variability of Chlamydia trachomatis in 
cervical females of university students in 
Belém, Pará, Brazil. [dissertation]. [Brazil]: 
Repository of the Federal University of 
Pará; 2015. 

52. Vieira MLV. Detection of Chlamydia 
trachomatis in asymptomatic women aged 
18 to 30 years using self-collection to 
obtain the sample [dissertation]. [Brazil]: 
Institutional Repository of the Federal 
University of Santa Catarina; 2016. 

53. Vinegar JGP. Chlamydia trachomatis 
infection, tubal obstruction and genetic 
polymorphism at codon 54 of the gene 
encoding mannose-binding lectin (MBL) in 
Brazilian women [dissertation]. [Brazil]: 
Digital Library of the University of São 
Paulo; 2018. 

DOI: 10.11606/D.5.2019.tde-20032019-
122417 

54. Valladão AS, Costa CMSP, Camargoe JÁ, 
Soares VCG. The effects of Chlamydia 
trachomatis on human reproduction. 
Journal of the Adolfo Lutz Institute. 
2011;70(4):457–462. 

55. Wyżewski Z, Gregorczyk KP, 
Szczepanowska J, Szulc-Dąbrowska L. 
Functional role of Hsp60 as a positive 
regulator of human viral infection 



 
 
 
 

Sampaio et al.; ARJGO, 8(2): 16-29, 2022; Article no.ARJGO.92524 
 

 

 
29 

 

progression. Acta Virologica. 
2018;62(01):33-4. 

DOI: 10.4149/av_2018_104 

56. Jonhson S, Oda H, Lundin E, Olsson J, 
Idahl A. Chlamydia trachomatis, 

chlamydial heat shock protein 60 and anti-
chlamydial antibodies in women with 
epithelial ovarian tumors. Translational 
Oncology. 2018;11(2):546–51. 

DOI: 10.1016/j.tranon.2018.02.008 

_________________________________________________________________________________ 
© 2022 Sampaio et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/92524 

http://creativecommons.org/licenses/by/4.0

