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ABSTRACT

Young people comprise a high-risk population for the acquisition of sexually transmitted infections (STIs).
Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) are the most common bacterial STIs world-
wide. In Colombia, STIs are underreported because epidemiological surveillance programs lack systematic
searches for asymptomatic patients. The present study determined the prevalence of CT and NG infections
and related factors in students at the Universidad de Santander, Bucaramanga campus, Colombia. Methods:
Newly admitted students were enrolled between 2019 and 2020. A survey was conducted, and samples of
vaginal secretions and male urine were self-collected. PCR was performed to detect pathogens. Results: 190
students aged 18-25 years were included. The prevalence of CT was 7.9% (15/190), and that of NG was
1.05% (2/190). Coinfections were not observed. In women, the prevalence of CT was 8.06%, and NG was not
detected; in men, the prevalence of CT and NG was 7.58% and 3.03%, respectively. Ten percent reported
never using condoms or having more than one partner simultaneously. Knowledge about CT and NG was poor
in 90% and 76.8% of participants. Factors associated with higher prevalence of CT or NG infection were
socioeconomic status (aPR 3.07, 95%CI 1.19-7.91) and urinary burning (aPR 3.63, 95%CI 1.12-11.8), while
having a steady partner was associated with lower prevalence of infection (aPR 0.27; 95%CI 0.08-0.94). Con-
clusions: The prevalence of CT and NG was higher than that reported in previous studies on university students
in Colombia. Therefore, it is necessary to implement surveillance programs and focus on preventive strategies
to avoid health problems.

Keywords: Chlamydia trachomatis, Neisseria gonorrhoeae, prevalence, university students, sexually trans-
mitted infections, molecular diagnostics, asymptomatic infection, STI screening in youth, Latin America epi-
demiology, self-collected samples
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INTRODUCTION

Youth and adults comprise a high-risk population group for acquiring sexually transmitted infections (STIs)
because they are more likely to engage in risky sexual behaviors!. STIs can trigger long-term health conse-
quences, such as infertility, not to mention the impact on the economic burden on the health system 2. Chla-
mydia trachomatis (CT) and Neisseria gonorrhoeae (NG) are the most common bacterial STIs worldwide.
Numerous investigations have shown that screening for CT and NG in young people and adults is an excellent
strategy for preventing these infections because it identifies at-risk populations reluctant to seek medical care
and makes it possible to identify those without symptoms®. The politics designed for STI surveillance and
prevention are lacking in developing countries®. In Colombia, the Public Health Surveillance System (SIVIG-
ILA) includes mandatory reports of HIV-AIDS, hepatitis B, trachoma, and gestational and congenital syphilis.
However, NG surveillance is passive, voluntary, and carried out through the national network of laboratories.
In the case of CT, only serotypes A, B, and C are monitored*. In Colombia, few studies have evaluated the
presence of CT and NG in young people and adults®®. Therefore, the aim was to determine the prevalence of
CT and NG infections and some associated factors in a newly enrolled student population between 2019 and
2020 at the Universidad de Santander, Bucaramanga campus, Colombia.

MATERIAL AND METHODS

A cross-sectional study was conducted. The study population was comprised of newly admitted students (2019
-2020) at the Universidad de Santander, Bucaramanga campus. Participation in the study was solicited via
email and telephone calls. The inclusion criteria were age between 18 and 25 years, having had sexual activity,
and being affiliated with the general health system. Pregnant women were excluded.

A 40-question survey was administered covering sociodemographic data, sexual practices, STI-associated
symptomatology, and knowledge of CT and NG. Vaginal secretion samples were self-collected’, and urine
samples were obtained from male participants. DNA extraction and end-point PCR were performed to detect
the omp and ORF genes of CT, opa, and por4 genes of NG® (Table S1). The Human hemoglobin subunit beta
gen (HBB) was used as an internal extraction control °. Each round of PCR included a negative and positive
control for each pathogen. PCR specificity was assessed against the major uropathogens, and the identity of
each gene was corroborated by automated Sanger sequencing'® (see details provided in the Supplementary
Material). At least one gene in the PCR for CT or NG was considered an infection.

Quantitative variables were described using medians and interquartile ranges because they did not exhibit a
normal distribution. Qualitative variables were reported as absolute and relative frequencies. The Wilson
method calculated the prevalence of CT and NG infections with a 95% confidence interval. Univariate and
multiple analyses with log-binomial regression were performed to estimate the prevalence ratio (PR) and ad-
justed PR (aPR), using STATA 16.0 (StataCorp LLC, USA).

Ethics Statement: All participants provided written informed consent. The project was endorsed by the Bio-
ethics Committee of the Universidad de Santander (Approval Act 035, October 15, 2019).

RESULTS
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A total of 209 student volunteers were recruited. However, 19 were excluded because HBB was absent in the
samples, 17 of whom were men. The remaining 190 students included corresponded to 15.5% of the popula-
tion of newly enrolled students aged 18-25 years in 2019 and 2020 (N =1229) (Figure 1). The sample distri-
bution by faculty and sex at birth was similar to that of the population (p=0.573 and p=0.421, respectively)
(data not shown). The sample consisted mainly of women (65.3%); seven (5.7%) reported having been preg-
nant, of which five miscarried (three spontaneous abortions), and none of these participants had infections. In
addition, participants were predominantly between 18 and 20 years of age (55.8%), unmarried (63.5%), soci-
oeconomic level stratum 3 (40.2%), and unemployed (61.1%) (Table 1). Most participants (89.5%) had parents
as influential figures in their upbringing.

Student volunteers

209
Informed consent |«
209 Excluded
19
HBB (-)

Included
190

Analyzed
190

Figure 1. Flowchart of students included in the study

Regarding sexual practices, most participants initiated sexual relations between the ages of 14 and 17 years
(68.9%) and were heterosexual (86.3%). A total of 50.5% reported having had more than two sexual partners
at the time of the study. In addition, the majority reported using condoms (62.2%). Sexual practices with
multiple partners simultaneously, the use of sex toys, and sex under the influence of alcohol or hallucinogenic
substances occurred at low frequencies. Regarding the type of sexual relations, vaginal (92.6%) and oral
(62.1%) relations were predominant. Of the total, 37.9% of students reported genital symptoms in the past
week, with lower abdominal pain during intercourse being the most frequent, followed by abnormal genital
discharge. Additionally, most students had "poor" knowledge of CT and NG (Table 1).

Concerning CT and NG infections, 8.95% (17/190; CI95% 5.66-13.86) presented either of the two STIs, with
a prevalence for CT of 7.89% (15/190; CI95% 4.84-12.62) and for NG of 1.05% (2/190; C195% 0.29-3.76).
Coinfections were not observed. In women, the prevalence of CT was 8.06% (CI95% 4.44-14.21), and NG
was not detected, while in men, the prevalence of CT and NG was 7.58% (CI95% 3.28-16.54) and 3.03%
(CI95% 0.83-10.39), respectively (Figure 2 and Table 2).
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Figure 2. Prevalence of CT and NG by sex at birth.

In the univariable analysis, only socioeconomic level was significantly associated with CT or NG infection
prevalence. Specifically, 64.7% of infected students lived in stratum 3, compared to 37.8% of non-infected
(PR 2.73, 95% CI: 1.05-7.06). Although infected individuals were less likely to have stable partners (17.7%)
compared to non-infected (38.4%), this difference was insignificant. Regarding intercourse practices in the
past year, having more than two sexual partners (68.8% vs. 48.8%) and engaging in oral sex (82.4% vs. 60.1%)
were more frequently reported by infected students. Burning urination in the past week was also most com-
monly reported in this group (17.7% vs. 6.9%). Other genital symptoms were reported at similar frequencies
in both groups (Figure 3). Knowledge about NG was very identical between infected and nod-infected stu-
dents, while non-infected students had a higher frequency of "good" knowledge about CT (5.2% vs. 0%),
although the difference was not statistically significant (Table 1).

In the multivariable analysis, the factors independently associated with a higher prevalence of CT or NG
infection were socioeconomic stratum (aPR 3.07, 95% CI: 1.19-7.91) and urinary burning in the past week
(aPR 3.63, 95% CI: 1.12-11.8), whereas having a stable partner was associated with a lower prevalence of
infection (aPR 0.27, 95% CI: 0.08-0.94). In addition, a higher prevalence of infection was observed in those

who practiced oral sex, but the difference was not statistically significant (aPR 3.03, 95%CI: 0.95-9.66) (Fig-
ure 4).

Finally, the end-point PCR showed excellent specificity with high percentages of identity in the CT and NG
genes compared to the sequences reported in the literature and the absence of cross-reactions against the main
human uropathogens.

Characteristics All Not Infected Infected D PR (CI 95%)
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n=190 n=173 n=17
Sex at birth female n (%) 124 (65.3) 114 (65.9) 10 (58.8) 0.59 1.32 (0.52-3.30)
Age years 1.00
18 to 20 106 (55.8) 96 (55.5) 10 (58.8) 1.13 (0.26-4.84)
21 to 23 60 (31.6) 55(31.8) 5(29.4) 1.00 (0.21-4.81)
24 to 25 24 (12.6) 22 (12.7) 2 (11.8) Ref.
Socioeconomic level n=189%** n=172 n=17 0.04
Others 113 (59.8) 107 (62.2) 6 (35.3) Ref.
Stratum 3 76 (40.2) 65 (37.8) 11 (64.7) 2.73 (1.05-7.06)
Working while student n=187*** n=171 n=16 0.60
No 116 (62.0) 107 (62.6) 9 (56.3) Ref.
Yes 71 (38.0) 64 (37.4) 7 (43.8) 1.27 (0.50-3.26)
Sexual orientation n=187%** n=171 n=16 0.57
Homosexual 14 (7.5) 12 (7.0) 2 (12.5) Ref.
Heterosexual 164 (87.7) 150 (87.7) 14 (87.5) 0.60 (0.15-2.37)
Others 9(4.9) 9(5.3) 0 -
Marital status n=189%** n=172 n=17 0.12
No stable partner 120 (63.5) 106 (61.6) 14 (82.3) Ref.
With stable partner 69 (36.5) 66 (38.4) 3(17.7) 0.37 (0.11-1.25)
Age start sex, years 0.37
11to 13 6(3.2) 5(2.9) 1(5.9) Ref.
14 to 17 131 (69.0) 118 (68.2) 13 (76.5) 0.60 (0.09-3.8)
18 to 21 53 (27.9) 50 (28.9) 3(17.7) 0.34 (0.04-2.8)
Sex partners* n=186%*** n=170 n=16 0.14
1to2 92 (49.5) 87 (51.2) 5(1.3) Ref.
more than 2 94 (50.5) 83 (48.8) 11 (68.8) 2.15(0.78-5.95)
Simultaneous couples* n=177%** n=161 n=16 0.67

18 (10.2) 16 (9.9) 2 (12.5) 1.26 (0.31-5.11)
Sex toy* n=189%** n=172 n=17 0.60

10 (5.3) 10 (5.8) 0 -
Oral sex* 118 (62.1) 104 (60.1) 14 (82.4) 0.11 2.85 (0.85-9.57)
Anal sex* 20 (10.5) 18 (10.4) 2(11.8) 0.70 1.13 (0.28-4.60)
Sex under influence alcohol* n=]89*** n=172 n=17 0.70

20 (10.6) 18 (10.5) 2(11.8) 1.13 (0.28-4.57)

Sex under influence drugs* n=]89*** n=172 n=17 1.00

5@2.7) 5(2.9) 0 ;
Condom use n=]88*** n=170%*** n=17 0.93
Always 51(27.1) 46 (26.9) 5(29.4) Ref.
Some/many times 117 (62.2) 106 (62.0) 11 (64.7) 0.96 (0.35-2.62)
Never 20 (10.6) 19 (11.1) 1(5.9) 0.51 (0.06-4.1)
Diagnosed STI* 5(2.6) 5(2.9) 0 1.00 -
Burning urination** 15 (7.9) 12 (6.9) 3(17.7) 0.14 2.5(0.81-7.74)
Knowledge about NG 0.90
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Bad 146 (76.8) 133 (76.9) 13 (76.5) Ref.

Fair 26 (13.7) 24 (13.9) 2(11.8) 0.86 (0.21-3.61)
Good 18 (9.5) 16 (9.3) 2(11.8) 1.25(0.31-5.1)
Knowledge about CT 0.37

Bad 171 (90.0) 156 (90.2) 15 (88.2) Ref.

Fair 10 (5.3) 8(4.6) 2(11.8) 2.3 (0.6-8.6)
Good 94.7) 9(52) 0 -

*In the last year. **In the last week. ***Some participants did not answer the question.

Table 1. Characteristics of participants according to infection status and factors associated with CT or NG infection.

Pathogen Genes Total Men Women
n=190 n=66 n=124
C. trachomatis omp* n (%) 6(32)* Not detected 6(4.8)*
Cryptic plasmid ORF3 n (%) 15 (7.9) 5(7.6) 10 (8.1)
N. gonorrhoeae opa n (%) 2 (1.05) 2 (3.03) Not detected
porA pseudogene n (%) Not detected Not detected Not detected

*The 6 samples positive for the omp gene of CT were also positive for the Cryptic plasmid ORF3 gene of CT.

Table 2. Chlamydia trachomatis and Neisseria gonorrhoeae Prevalence

Infected

382

Not Infected

|
6.9
1.7
f
0

10 20 30 40 40
Percentage
- Genital symptoms [:] Lower addomen pain during sex
I Abnormal genital discharge  [JII 'tchy genitals
- Burning urination - Bleeding during or after sex
- Bladder and/or genital ulcers

Figure 3. Comparison of genital symptoms in the last week between infected and non-infected university students in

Bucaramanga, Colombia. The percentage of individuals in each category is shown for both groups.
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Figure 4. Factors independently associated with CT or NG infection. aPR: adjusted prevalence ratio. The final model in-

cluded 188 participants who answered all the questions for the variables included in the model.

DISCUSSION

This cross-sectional study determined the prevalence of CT and NG in university students in Bucaramanga,
Colombia, using molecular diagnostic methods. Additionally, it established the sociodemographic profile,
sexual practices, STI-associated symptomatology, and knowledge of CT and NG.

The prevalence of CT and NG found in this study aligns with those reported for the Latin American region
(LATAM) and is higher than the few national reports. For example, a recent systematic review estimated the
burden of CT and NG infections in LATAM people under 20 years of age, establishing a prevalence of 3.2%—
30.9% for CT and 0%—2.9% for NG 2. Similarly, a study on students from three universities in Medellin
identified a CT prevalence of 2.6% and 1.5% in women and men, respectively; the presence of NG was not
reported ®. Consistent with the above, the prevalence of CT and NG was also high when comparing the find-
ings with non-university populations with similar characteristics. A study conducted in Bogota included
women aged 15 to 24 and found a prevalence of 7.2% for CT and 0.4% for NG'!. A related investigation
identified a prevalence of 2.2% for CT and 0.1% for NG in adolescents aged 14 to 19 years enrolled in schools
in Cundinamarca®.

These differences in the prevalence of CT and NG could be explained by the fact that about half of the popu-
lation studied engaged in risky behaviors such as early sexual debut (between 14 and 17 years) and having
more than two sexual partners in the past year. Therefore, these findings highlight the importance of imple-
menting surveillance programs in high-risk populations to prevent health problems.

8clinicalBiotec
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On the other hand, the prevalence identified for CT was lower, while that for NG was similar to international
research reports. A study on Chilean university students identified a CT prevalence of 11.2% '2. Similarly, a
survey among students of higher education institutions in Tanzania found a prevalence of 11% for CT and
1.1% for NG '3, Therefore, there is a need for epidemiological studies at the local level due to the heterogeneity
in the prevalence of CT and NG, coupled with the limited available information.

Compared to other populations, the prevalence found in women in this study was lower than that reported in
arecent study of women aged 18 to 69 years (mean age: 23 years) at high risk of contracting STIs. This higher-
risk group, defined by unprotected sexual intercourse with multiple partners in the past 12 months, a history
of STIs, or engagement in sex work, had a prevalence of 13.4% for NG and 31.1% for CT. In addition to these
risk factors, the difference could be explained by the fact that these women were recruited in STI clinics!*.
Likewise, a study conducted among school-going adolescents (14—19 years old) reported a 15.8% positivity
rate in the overall population, with a higher prevalence in females (21.6%) than in males (9.1%). Moreover,
the study identified that factors such as multiple sexual partners and a history of pregnancy significantly in-
creased the risk of infection in females. These findings highlight the vulnerability of adolescents to STIs and
underscore the need for targeted screening strategies and comprehensive sex education for this population'?.

Similarly, a study conducted in the general population of Slovenia estimated the prevalence of CT at 0.5% in
men and 1.7% in women, with the highest burden of infection observed in the 18-24 age group (2.8% in men
and 4.7% in women). Additionally, no cases of NG were detected, highlighting regional differences in the
epidemiological dynamics of STIs'®. Likewise, a study conducted in Sdo Paulo over 11 years reported an
overall CT prevalence of 2.2%, with higher rates among women under 25 (6.0%) and under 30 (4.4%)'”. These
findings indicate that the burden of infection is more significant among young women.

Furthermore, studies from other regions, such as Africa, Asia, and Eastern Europe, have also documented
significant prevalence rates of Chlamydia trachomatis and Neisseria gonorrhoeae, underscoring the global
relevance of our findings. For instance, research conducted in Tanzania found a CT prevalence of 11% and
an NG prevalence of 1.1% among university students, while studies in Eastern Europe have reported CT ra-
tes ranging from 2% to 5% in similar age groups. Such data highlight common risk patterns among young
adults across diverse sociocultural contexts.

In addition, the methodological approach employed in this study—including using self-collected samples,
PCR-based molecular diagnostics, and structured behavioral surveys—can serve as a practical model for
epidemiological surveillance in low-resource settings. This approach is particularly valuable in regions with
limited diagnostic infrastructure and passive STI surveillance, as it facilitates early detection and enhances
participation through non-invasive sampling methods.

Regarding factors associated with higher prevalence, the initiation of sexual intercourse stands out, with the
14-17 age group having the highest number of detected cases in this study. In addition, the type of sexual
practice highlights positive cases associated with anal and oral sexual practices, as well as cases involving
individuals under the influence of substances or alcohol. Furthermore, knowledge of the causative agents was
generally poor, with 81% for NG and 90% for CT.

8clinicalBiotec



https://clinicalbiotec.com/

Bionatura Journal 2024, 10.70099/B]/2024.

These results underscore the need to expand screening programs for young and at-risk populations and the
importance of surveillance systems that accurately reflect the burden of these infections in the general popu-
lation. Implementing opportunistic screening strategies in sexual and reproductive health services could sig-
nificantly enhance early detection and proper management of these infections.

There are three main limitations. First, 9.1% of the participants were excluded due to insufficient sample
quality for molecular testing, and it was impossible to collect another sample. Most were male (89.5%), high-
lighting the challenges of obtaining high-quality urine samples for molecular testing. Second, there were miss-
ing values for some variables (up to 6.8%) because participants did not answer the specific question, possibly
due to the sensitivity of the information requested. Lastly, the sample size, sufficient to identify three factors
independently associated with infection prevalence, lacked the statistical power to determine other factors,
such as having had more than two sexual partners and engaging in oral sex in the past year. Additionally, this
study was conducted among undergraduate students. Therefore, caution is advised when extrapolating these
results to other populations.

Finally, some authors have pointed out the importance of local epidemiological studies in better understanding
the burden of STIs in this population >*. In this regard, it is recommended that Colombia include mandatory
reporting of CT and NG infections in SIVIGILA and active searches within high-risk populations. This would
enable the identification of prevalence, establishment of transmission dynamics, and the implementation of
containment measures for these infections.

CONCLUSIONS

This study highlights a concerning prevalence of Chlamydia trachomatis and Neisseria gonorrhoeae among
university students in Bucaramanga, Colombia, according to previously reported national data. Factors asso-
ciated with these infections, such as low socioeconomic status and high-risk sexual behaviors, underscore the
urgent need to implement active epidemiological surveillance programs in this population. Additionally, im-
proving education on sexually transmitted infections is essential to reduce risky behaviors and promote pre-
ventive practices. Including these infections in mandatory reporting systems like SIVIGILA would enable a
better understanding of their transmission dynamics and support the development of effective interventions to
mitigate their public health impact.

Implications for Public Health Practice

o Implementing STI screening programs in university settings could reduce the prevalence of Chlamy-
dia trachomatis and Neisseria gonorrhoeae by over 50%, particularly among asymptomatic young
adults.

o Integrating molecular testing for CT and NG into primary healthcare services is a cost-effective stra-
tegy for early detection and treatment.

o The use of self-collected vaginal and urine samples enhances participation rates and acceptability
among young populations, especially in low-resource or culturally sensitive settings.

8clinicalBiotec
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e Routine surveillance of bacterial STIs should be expanded in Latin American countries to better in-
form prevention and control strategies.

o Educational interventions addressing STI awareness and risk perception are essential to reduce high-
risk sexual behaviors in youth.
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