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INTRODUCTION 

Chlamydia trachomatis (C. trachomatis) infection is a 

highly contagious sexually transmitted disease. C. 

trachomatis is an obligate intracellular gram-negative 

bacterium which infects approximately 127 million 

persons per year worldwide, making it the most prevalent 

sexually transmitted disease.1-3 This infection, most often 

asymptomatic, can cause tubal infertility and ectopic 

pregnancy, pelvic inflammatory disease, and 

lymphogranuloma venereum.4,5 It leads to abortion, 

chorioamnionitis, premature rupture of the membrane, 

preterm labor, stillbirth and low birth weight and adverse 

neonatal sequelae.6,7 

Previous studies on C. trichomatis in Cameroon have been 

carried out in Yaoundé, Dschang and in the northern region 

and have strikingly shown divergent results. Per analysis 

with enzyme-linked immunosorbent assay (ELISA), a 

prevalence of 11.5% was reported among women with 
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infertility in Yaoundé in 1986, while among prostitutes in 

the same town, the prevalence hiked to 38.3% in 1991.8,9 

In 2003, while employing polymerase chain reaction 

(PCR), a prevalence of 3.78% was reported among 

students in Yaoundé.10 In 2013, a prevalence of up to 

42.5% was reported in the far North region following an 

ELISA screen.11 Amongst students in Dschang, in 2015, a 

prevalence of 2% was also obtained based on ELISA test.12 

In 2016, a prevalence of 22.52% was determined among 

women consulting in Nkoldongo Hospital in Yaoundé via 

ELISA as well.13 Furthermore, in 2018, an ELISA-

established prevalence of 40.8% was reported among 

women in the District Hospital of Dschang.14 These results 

progressively changed in a jagged way and are therefore 

difficult to interpret and exploit for effective 

epidemiological control. These disparities undoubtedly 

may stem from the fact that in most of the reports, the 

ELISA technique was dominantly used for diagnosis and 

may also be due to the target populations in these studies. 

Indeed, a study has shown that the PCR technique is more 

sensitive and more specific than the ELISA technique, 

which was prone to false positive results.15,16 Because this 

disease is very often silent and hospitals in the West 

Cameroon region often do not have equipment and 

qualified personnel for diagnosis, our working hypothesis 

was that the prevalence of C. trachomatis is high, and 

several genotypes of C. trachomatis circulate in this area. 

This study sought to answer the following research 

questions: what is the prevalence of C. trachomatis 

infection among women in West Cameroon, and what were 

the factors that increased the risk of infection among them? 

The objective of this study was to uncover epidemiological 

data that may serve as a useful tool for the better 

management of C. trachomatis infections in women in 

West Cameroon. 

METHODS 

Study design and setting 

This was a cross–sectional and hospital-based study 

conducted in five district hospitals in the West region of 

Cameroon between January 2020 and July 2020. These 

hospitals include Dschang (235 women), Bafang (110 

women), Mbouda (123 women), Bafoussam (109 women) 

and Bangangté (103 women) (Figure 1). The West region 

of Cameroon has a population of 1,785,285. 

Study participants 

Participants were recruited among women who came to the 

hospital for antenatal, prenuptial and contraception 

consultations. These participants were to be at least 18 

years old, sexually active, had no sexual intercourse for at 

least 48 hours, were not under antibiotic treatment and 

were not menstruating. They were informed and invited to 

participate in the study. Those who agreed to participate 

signed a written informed consent form and were 

administered a questionnaire to record their 

sociodemographic information and potential risk factors. 

This was done in turns sequentially. 

Specimen collection 

Endocervical swabs (680) were obtained from women 

using a non-lubricated speculum and a nonabrasive swab 

of the “bactopick”. The collected samples were placed into 

a storage tube containing 1 ml of sterile saline (0.9% NaCl) 

and stored at -20 °C until further processing.14 

PCR diagnosis of C. trachomatis infection 

DNA extraction 

DNA was extracted from samples using the QIAamp mini 

kit.17 Briefly, the samples were removed from the freezer, 

left at room temperature for one hour and centrifuged at 

15,000 rpm for 10 minutes. ATL buffer (180 μl) was added 

to the pellet and homogenized with a vortex mixer (iSwix-

VT Neuation), and proteinase K was added followed by 

vortexing and incubation at 56 °C for 3 hours while 

homogenizing 2 to 3 times during incubation. After 

incubation, 200 μl AL buffer was added, and the mixture 

was homogenized using a vortex for 15 seconds and 

incubated at 70 °C for 10 minutes. Then, 200 μl ethanol 

was added and homogenized. The mixture was then 

introduced into minicolumns and centrifuged at 8,000 rpm 

for one minute. The filtrate was discarded, and the 

minicolumns were placed in new 2 ml tubes; buffer AW1 

was added and centrifuged at 8,000 rpm for one minute, 

and the filtrate was discarded. Buffer AW2 was added to 

minicolumns and centrifuged at 14,000 rpm for 3 minutes, 

and the filtrate was discarded. The minicolumns were 

placed in new 2 ml tubes and then centrifuged at 14,000 

rpm for one minute. After centrifugation, the minicolumns 

were placed in new tubes, and 50 μl of buffer AE was 

added and left at room temperature for 5 minutes. The 

tubes were centrifuged at 10,000 rpm for 3 minutes, and 

the extracted deoxyribonucleic acid (DNA) was stored at -

20 °C for subsequent molecular analysis. The quantity and 

quality of the extracted DNA were estimated using a 

Nanodrop spectrophotometer (Thermo Scientific 

NanoDrop 2000 spectrophotometer).18 

Amplification of cryptic plasmid and MOMP gene 

The molecular identification of C. trachomatis was 

performed using two different pairs of primers: cryptic 

plasmic primer KL1/KL2 (KL1, 5'-

TCCGGAGCGAGTTACGAAGA-3'; KL2, 5’-

AATCAATGCCCGGGATTGGT-3'),17,18 and MOMP 

primer (forward, 5'-CCTGTGGGGAAT CCTGCTGAA-

3'; reverse, 5' GTC GAA AAC AAA GTC ACC ATA 

GTA 3').19 The amplification reactions were set for each 

primer pair in a 25 μl reaction volume containing 1X PCR 

buffer (10 mM Tris-HCl; 50 mM KCl; 1.5 mM MgCl2), 

0.5 μM of each pair of primers, 200 μM dNTPs; 1 U of Taq 

DNA polymerase, 5 µl of DNA. The amplifications were 

carried out in a thermocycler (AB Veriti) with 
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thermocycling conditions including an initial denaturation 

step at 95 °C for 10 minutes, followed by 50 amplification 

cycles each comprising a denaturation step at 95 °C for 30 

seconds, annealing at 60 °C for 45 seconds, elongation at 

72 °C for 1 minute and a final extension at 72 °C for 7 

minutes. The amplicons were subjected to 1.5% agarose 

gel electrophoresis and observed on a UV transilluminator. 

Identification of serovars 

Amplification of ompA gene 

Positive samples were used for the identification of 

different serovars of C. trachomatis using CT OMP 1F (5’-

ATG AAA AAA CTC TTG AAA TCG G-3’) and CT 

OMP 2R (5’-ACT GTA ACT GCG TAT TTG TCT G-3’) 

primers.19 This identification was performed by PCR in 25 

μl reaction medium containing 2.5 μl of 1X PCR buffer (10 

mM Tris-HCl; 50 mM KCl; 1.5 mM MgCl2), 1.0 μM of 

each primer, 200 μM of dNTPs; 1.5 U of Taq DNA 

polymerase and 5 µl of DNA. Thermocycling conditions 

constituted an initial denaturation step at 95 °C for 15 

minutes, followed by 45 amplification cycles each 

comprising denaturation at 95 °C for 30 seconds, annealing 

at 55 °C for 45 seconds, elongation at 72 °C for 90 seconds 

and a final extension at 72 °C for 7 minutes. 

OmpA gene sequencing 

PCR products from CT OMP amplification were 

sequenced in a BigDye Terminator sequencing kit 

(Applied Biosystems, USA) on a 3500 Dx sequencing 

machine available in the department of medical 

microbiology, Post Graduate Institution of Medical 

Education and Research (PGIMER) Chandigarh. 

Analysis of the sequences of the C. trachomatis omp1 

nucleotide sequence was performed by comparing it to the 

nucleotide sequences of the known serovars of C. 

trachomatis using the basic local alignment search tool. All 

ompomp1 sequences were assembled into alignments 

using reference sequences from GenBank: B/TW-5 

(M17342), C/TW-3 (M17343), D/UW-3/CX (AE00127), 

D/B-120 (X62918), E/Bour (X52557), F/ICCal3 

(X52080), G/UW57 (AF063199), H/Wash (H/UW4), 

I/UW-12 (AF063200), J/UW36 (AF063202) and K/UW31 

(AF063204). Multiple sequence alignment and 

phylogenetic analysis were performed using MEGA X 

software package version 10.1.7. 

Statistical analysis 

The relationship between the prevalence and 

sociodemographic parameters in the study population was 

evaluated using the chi-square test (p≤0.05), and the risk 

factors were identified using multivariable logistic 

regression analysis. Odds ratios (ORs) with 95% 

confidence intervals were used to determine the degree of 

association between the infection and sociodemographic 

parameters. All these analyses were performed using IBM 

statistical package for the social sciences (SPSS) version 

19 software. 

Ethical considerations 

Ethical clearance was obtained from the Cameroon 

National Committee for ethics in human health (No 

2018/05/1022/CE/CNERSH/SP) and institutional ethics 

committee of PGIMER, Chandigarh in India (N° 

PGI/IEC/2020/001586) coupled to administrative 

authorization from the West regional delegation of public 

health and from each hospital. 

RESULTS 

Characteristics of the study participants 

Table 1 presents the characteristics of study participants. 

Active medical surveys were performed in five district 

hospitals in the West region of Cameroon. A total of 687 

women were screened, and 680 were enrolled. The age of 

the participants ranged from 18-49 years, with a mean age 

of 27.37±7.48 years. The most represented age ranges were 

[18-24 [(39.56% (269/680)) and [24-30 [(27.35% 

(186/680)). Very few participants (0.29%) did not go to 

school, while most of them had secondary (52.05% 

(354/680)) and university (36.02% (245/680)) educational 

levels. Among married women, 65.69% (157/239) were in 

monogamous relationships, and 34.30% (82/239) were in 

polygamous relationships. The regular and occasional use 

of condoms as a contraceptive measure was depicted by 

41.76% (284/680) and 10% (68/680) of the participants, 

respectively, where 48.24% (328/680) did not use 

condoms. Most women (74.85%, 509/680) in the study did 

not know the transmission route of C. trachomatis 

infection, while only 23.82% (162/680) of women knew 

the real transmission route. Among these 74.85% of 

women, 22.05% (150/680) and 10.14% (69/680) thought 

the infection was transmitted through blood and saliva, 

respectively. 

Variation in the prevalence of C. trachomatis infection 

with study population characteristics. 

Table 2 presents relationship between Chlamydia 

trachomatis infection and risk factors. 

Participants with a low level of education (primary) were 

significantly less infected (p=0.007) than participants with 

a higher level of education (secondary and university). The 

prevalence of C. trachomatis infection was significantly 

higher (p= 0.029) in participants aged [1824[(14.86%) and 

[24-30[(12.90%), while women aged [42-49] (2.17%) 

were less infected [IC 95% (0.86-1.01)] and had the lowest 

prevalence. Single women (20.43%), women living in 

concubinage (11.36%) and women living apart together 

with a man (10.32%) showed a significantly higher 

(p=0.008) prevalence of C. trachomatis infection. The type 

of family also influenced the prevalence of this disease in 

the population, with women married in monogamic 

https://www.ncbi.nlm.nih.gov/nuccore/M17343
https://www.ncbi.nlm.nih.gov/nuccore/AF063200
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families being significantly (p=0.02) more infected 

(12.10%). Participants who did not use condoms showed a 

significantly high (p=0.001) prevalence of infection 

(16.15%). 

The other sociodemographic characteristics of the 

population did not influence the prevalence of this disease. 

Table 3 presents association between C. trachomatis 

infections and risk factors in patients. Based on the results 

obtained in Table 2, risk factors were determined using 

logistic regression. It appears that age at first intercourse 

strongly predicted C. trachomatis infection (OR=1.68, 

95% CI: 1.10-2.50), while the non-use of condoms 

(OR=1.62, 95% CI: 1.20-2.10) was significantly 

associated with C. trachomatis infection. Marital status 

(OR=1.26, 95% CI: 1.00-1.50) and age (OR=1.42, 95% CI: 

1.10-1.80) were also significantly associated with a high 

prevalence of C. trachomatis infection (Table 3). 

OmpA genotypes of C. trachomatis 

Out of the 78 samples positive for C. trachomatis using 

PCR, 51 were successfully amplified with ompA primers 

and submitted to DNA sequencing and phylogenetic 

analysis. The gene tree shows the distance neighbor-

joining reconstruction based on the nucleotide sequences 

of the ompA gene (Figure 5). This tree demonstrated that 

three C. trachomatis genotypes circulate in the study areas: 

D (n=25; 49%), E (n=15; 29.4%) and G (n=11; 21.6%). 

The D strain (n=2; 4%) was the only strain found in 

participants in Bafang. The E strain was the most among 

participants in Bangangté (n=3; 6%) and Bafoussam (n=6; 

12%), followed by D strains (n=2; 4% and n=2; 4%) and 

G (n=1; 2%, n=2; 4%), respectively. In Dschang and 

Mbouda, the D strain (n=10; 20% and n=9; 18%) had the 

highest prevalence among participants, followed by E 

(n=5; 10% and n=1; 2%) and G (n=4; 8% and n=4; 8%), 

respectively.  

 

Figure 1: Map situating the West region of Cameroon 

and showing the study areas. 

 

Figure 2: Polymerase chain reaction results showing 

positive samples of C. trachomatis using cryptic 

plasmid primers KL1 and KL2 on endocervical swab 

DNA extracts. 
Lanes 1 to 9: positive (241 bp); lane 10: negative sample; lane 11: 

positive control; lane 12: DNA ladder (100 bp); and lane 13: 

negative control 

 

Figure 3: Polymerase chain reaction results showing 

positive samples of Chlamydia trachomatis using 

MOMP primers on endocervical swab DNA extracts. 
Lanes 3, 4 and 8: positive (208 bp); lane 5: DNA ladder (100 bp); 

lane 7: negative control; lane 9: positive control; lanes 1, 2, 6 and 

7: negative samples 

 

Figure 4: Summary of Chlamydia trachomatis 

identification using cryptic plasmid and MOMP 

primers on endocervical swab DNA extracts.
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Table 1: Characteristics of study participants (n=690). 

Variable Total (%) 

Level of education  

None 2 (0.29) 

Primary 79 (11.61) 

Secondary 354 (52.05) 

University 245 (36.02) 

Knowledge of STI  

No 97 (14.26) 

Yes 583 (85.73) 

Knowledge of transmission route  

No 299 (43.97) 

Sexual intercourse 162 (23.82) 

Blood 150 (22.05) 

Saliva 69 (10.14) 

Age range  

18-24 269 (39.55 ) 

24-30 186 (27.35) 

30-36 125 (18.38) 

36-42 54 (7.94) 

42-49 46 (6.76) 

Marital status  

Single 137 (20.14) 

Married 250 (36.76) 

Concubinage 132 (19.41) 

Living apart together 155 (22.79) 

Divorced 4 (0.58) 

Widow 2 (0.29) 

Type of family  

Monogamy 157 (23.08) 

Polygamy 82 (12.05) 

Age at first intercourse (years)  

<15 28 (4.11) 

15-17  346 (50.88) 

≥18  306 (45) 

Condom usage  

No 328 (48.23) 

Occasionally 68 (10.00) 

Always 284 (41.76) 

Number of sexual partner  

More than one partner 195 (28.67) 

One partner 485 (10.72 ) 

Occupation  

No 144 (21.17) 

University student 135 (19.85) 

Secondary student 62 (9.11) 

Trader 87 (12.79) 

Famer 87 (12.79) 

Others 165 (24.26) 

Previously infected with STD agents 

Yes 184 (27.05) 

No 496 (72.94) 
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Table 2: Relationship between C. trachomatis infection and risk factors. 

Characteristics Positive PCR 
Number of 

participants 

Prevalence 

(%) 
P value 

Confidence 

intervals, (95% C.I.) 

Level of education      

None 1 2 50 

0.007* 

- 

Primary 4 79 5.06 0.85-1.01 

Secondary 34 354 9.60 0.87-0.96 

University 39 245 15.92 0.85-0.98 

Knowledge of STI      

No 9  97 9.27 
0.46 

0.86-0.99 

Yes 69  583 11.83 0.88-0.96 

Knowledge of transmission route     

No 30  299 10.03 

0.12 

0.88-0.98 

Sexual intercourse 27  162 16.66 0.87-1.00 

Blood 14  150 9.33 0.79-0.97 

 Saliva 7  69 10.14 0.82-1.03 

Age range      

18-24 40  269 14.86 

0.029* 

0.82-0.97 

24-30 24  186 12.90 0.80-0.97 

30-36 8  125 6.40 0.88-1.00 

36-42 5  54 9.25 0.80-1.01 

42-49 1  46 2.17 - 

Marital status      

Single 28  137 20.43 

0.008* 

0.19-1.06 

Married 19  250 7.6 0.90-0.96 

Concubinage 15  132 11.36 0.58-1.17 

Living apart together 16 155 10.32 0.67-1.13 

Divorced 0 4 0 - 

Widow 0 2 0 - 

Type of family      

Monogamy 19  157 12.10 
0.02* 

0.94-1.01 

Polygamy 2  82 2.4 0.85-0.94 

Age at first intercourse (years)     

<15  5  28 17.5 

0.04* 

0.51-1.21 

15-17  48  346 13.87 0.87-0.96 

≥18  25  306 8.16 0.88-0.97 

Condom usage      

No 53  328 16.15 

0.001* 

0.82-0.94 

Occasionally 5  68 7.35 0.87-1.05 

Always 20  284 7.04 0.92-1.0 

Number of sexual partners     

More than one partner 26 195 13.33  0.80-0.98 

One partner 52 485 10.72 0.33 0.89-0.96 

Occupation      

No 19 144 13.19 

0.05 

0.78-0.96 

University student 22 135 16.29 0.81-1.01 

Secondary student 11 62 17.74 0.24-1.36 

Trader 6 87 6.89 0.85-1.01 

Farmer 7  87 8.04  0.84-1.01 

Others 13 165 7.87  0.92-1.01 

Previously infected with STD agents     

Yes 19  84 10.32 
0.56 

0.85-0.94 

No 59  496 11.89 0.85-0.91 

*Significant.
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Table 3: Association between C. trachomatis infections 

and risk factors in patients. 

Variable Odds ratio (95% CI) P value 

Age range 1.42 (1.10-1.80) 0.003* 

Marital status 1.26 (1.00-1.50) 0.04* 

Type of family 0.20 (0.04-0.90) 0.037 

Condom usage 1.62 (1.20-.2.10) 0.001* 

Age of first 

intercourse 
1.68 (1.10-2.50) 0.013* 

Level of 

education 
0.59 (0.40-0.80) 0.009 

*Significant association 

 

Figure 5: Distance neighbor-joining reconstruction of 

the phylogenetic tree based on the C. trachomatis 

ompA nucleotide sequence from 51 genotypes. 
The neighbor-joining method was used in MEGA 10.1.7 software 

to generate unrooted phylogenetic trees for ompA from DNA 

sequences. The number of bootstrap replication values was 1,000. 

Initially, multiple sequence alignment was generated using 

ClustalW. 

DISCUSSION 

The prevalence of C. trachomatis was found to be 11.47%, 

which was comparable to some results obtained in South 

Africa, Tanzania and Brazil.20-22 Such a high prevalence of 

C. trachomatis can be attributed to the asymptomatic 

nature of the infection, leading to late clinical 

manifestations, giving time to C. trachomatis to migrate to 

the upper genital tract, which could further lead to various 

sequelae in women and transmission to their partners.5 

Young age associated with other risk factors identified 

may explain this prevalence rate. These risk factors include 

age of first intercourse, marital status (single more 

affected) and non-condom usage. According to Nicolai et 

al., condom usage is effective in preventing C. 

trachomatis infection.23 In contrast, occupation and level 

of education were not associated with C. trachomatis 

infection, confirming the results obtained by Fogue et al in 

Dschang District Hospital in 2018, but contradictory to the 

results of Ngonde et al who demonstrated that the level of 

education was significantly associated with C. trachomatis 

infection in a study carried out in Yaoundé-Cameroon.12,14 

Single participants were found to be significantly more 

infected by C. trachomatis. In accordance with Morhason-

Bello et al in Nigeria, this could be linked to multiple sex 

partners.24 However, it is not superfluous to point out that 

Nwankwo et al in Nigeria and Yirenya-Tawiah et al in 

Ghana reported that there was no relation between marital 

status and infection by C. trachomatis.25,26 

According to the Cameroon national strategic plan for the 

fight against human immunodeficiency virus (HIV), 

acquired immunodeficiency syndrome (AIDS) and 

sexually transmitted infections (STIs) 2011-2015, the 

prevalence of Chlamydia infection was 8% before 2010, 

coming in third after gonococcus and syphilis.27 The 

prevalence obtained within the framework of this study 

therefore shows that this prevalence has increased over 

time; therefore, the strategies put in place need to be 

revised and fully implemented. Furthermore, previous 

studies in Cameroon have reported prevalence varying 

between 2% and 40%, depending on diagnostic methods 

and study population.8-14 C. trachomatis is detected in 

urine and vaginal swabs using different techniques. Some 

results published in Cameroon may not reflect reality due 

to false positives related to the choice of diagnostic 

method. Indeed, the PCR that we used in this study is as 

sensitive and specific as cell culture and therefore is a 

recommended method. Furthermore, the target population 

of these studies can justify the significant differences 

observed in the prevalence published. For example, girls 

aged under 25 years and women above 25 years as well as 

women with new or multiple sex partners have higher 

prevalences.28 This study showed that the cryptic plasmid 

primers were more sensitive than the MOMP primers, 

which could be due to the presence of multiple copies of 

cryptic plasmid genes (7-10 copies/bacterial cell) 

compared to the MOMP gene, which has only one.29 

The present study revealed three circulating genotype 

variants of C. trachomatis in the West region of Cameroon: 

genotype D (commonest), genotype E and genotype G. 

The presence of genotype D as the commonest genotype 

variant has been reported by previous studies in Hungary, 

China and India.30-32 The identified genotypes are known 

to be commonly associated with urogenital infections.33 

The genotypes identified in our study show some 

differences from the prototype strains, which can be due to 

genetic recombination.34 Of the 19 known genotypes, only 

3 were identified in participants in this study, carried out 

in the West Cameroon region. It should be noted that this 

region is the smallest in the country, and the distances 

between cities and therefore health district centers are 

shorter: Dschang-Mbouda: 57.8 km, Dschang-Bafoussam: 

52.5 km, Dschang-Bangangté: 90.4 km, Dschang-Bafang: 

74.8 km, Bafoussam-Mbouda: 30.2 km, Bafoussam-

Bangangté: 49.7 km, Bafoussam-Bafang: 59.0 km, 

Mbouda-Bangangté: 76.7 km, Mbouda-Bafang: 85.9 km, 

and Bafang-Bangangté: 47.4 km. Nevertheless, the mixing 

of populations is increased but dominated by the same tribe 

(Bamiléké) and could justify the low diversity of C. 
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trachomatis strains in this area, although Helm et al found 

that differences in prevalence are not ethnic group-

linked.35 This is more plausible since a similar study 

carried out in Yaoundé, Center region, among students 

identified up to 5 genotypes, with genotype E as the most 

prevalent.10 Yaoundé is a cosmopolitan city that may 

justify a greater shuffling of the genes of this bacterium.  

CONCLUSION  

The overall prevalence of C. trachomatis infections using 

PCR detection was 11.47% and was associated with 

marital status, age at first intercourse and condom usage as 

risk factors. Only three genotypes, D (dominant), E and G, 

were identified circulating in the population of the study 

area. This information may be important for controlling the 

dissemination of C. trachomatis infection in West 

Cameroon as well as strategizing the therapeutic approach. 
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