
148          www.cajms.mn

Detection of Common Bacterial Causes of STIs 
among STD Clinic Attendees by Gram Stain 
and Culture versus the Microarray Nucleic Acid 
Hybridization Method 
Jugderjav Badrakh1, Bulbul Aumakhan1, Baatarkhuu Oidov2, Unursaikhan Ganbat3, Erdenechimeg Choijiljav1, 
Naranbat Nymadawa3, Nymadawa Pagvajav3, 4 
1National Center for Communicable Diseases, Ulaanbaatar, Mongolia; 2Department of Infectious Diseases, School of Medicine, Mongolian National University 
of Medical Sciences, Ulaanbaatar, Mongolia; 3“Gyals” Medical Center, LLC, Ulaanbaatar, Mongolia; 4Mongolian Academy of  Medical Sciences, Ulaanbaatar, 
Mongolia

Objectives: The purpose of the study was to determine the prevalence and etiology of 

predominant sexually transmitted infections (STIs) occurring among the STD and Gynecology 

Clinic attendees and to compare sensitivity and specificity of conventional versus molecular 

diagnostic methods. Methods: A total of 1,441 individuals were recruited from the STD clinic 

at the National Center for Communicable Diseases and Gynecology Clinic at the National Center 

for Oncology between 2014 and 2015. Urogenital tract swab samples were collected and 

tested for N.gonorrhoeae, C.trachomatis, and T.vaginalis using conventional (Gram stain and 

culture) and molecular (Microarray Nucleic Acid Hybridization - MNAHM) diagnostic methods. 

The final infection status of participants was determined using the “either test positive” 

strategy. Results: Of the total 1,441 participants, 19.7% were N.gonorrhoeae infected, 12.5% 

were C.trachomatis infected, and 7.8% were T.vaginalis infected. For T. vaginalis, conventional 

methods and MNAHM had sensitivities of 17.9% and 98.2%, with specificities of 96.6% and 

99.6%, respectively. For N.gonorrhoeae, conventional methods had sensitivity and specificity 

values of 33.3% and 99.1%, and MNAHM had values of 95.1% and 98.8%, respectively. 

Conclusion: The study found a high prevalence of N.gonorrhoeae and C.trachomatis among 

STD and Gynecology Clinic attendees. Conventional methods for detection of N.gonorrhoeae 

and T.vaginalis were significantly less sensitive than molecular diagnostic methods and didn’t 

detect other STI pathogens.
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Introduction

Sexually transmitted infections (STIs) are a major public health 

concern worldwide, especially in developing countries, due to 

limited resources and facilities for diagnosis and treatment 

[1]. According to the World Health Organization (WHO), an 
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estimated 106.1 million people around the world each year 

are newly infected with N. gonorrhoeae, 105.7 million with C. 

trachomatis, and 276.4 million with T. vaginalis [2].

STIs often have no or mild symptoms and therefore, can go 

unrecognized and subsequently, untreated [3-5]. Unrecognized 

and untreated STIs can lead to serious adverse effects on an 

individual’s sexual and reproductive health. For example, most 

women infected with chlamydia due to C. trachomatis, an 

obligate intracellular pathogen, will have no symptoms and 

infection may clear spontaneously, but persistent infection 

can spread to their upper genital tract and cause long-term 

complications such as pelvic inflammatory disease, chronic 

pelvic pain, ectopic pregnancy, and infertility [6]. Gonorrhea 

is an infection due to N. gonorrhoeae and usually involves 

the mucosa of the cervix, urethra, endocervix, fallopian tubes, 

rectum, and throat [7,8]. Signs and symptoms of gonorrhea are 

generally not different from genital chlamydial infection and are 

clinically indistinguishable. Trichomoniasis, caused by T. vaginalis, 

is considered the most prevalent, curable STI, and its occurrence 

exceeds that of chlamydial and gonococcal infections. Many 

carriers of T. vaginalis are asymptomatic and, when experiencing 

a health problem, they often have nonspecific symptoms [9]. 

However, this parasite has been identified to increase risk of HIV 

transmission and has also been associated with prostate and 

cervical cancer. Adverse health consequences due to STIs result 

in significant costs to the public health system of most countries, 

although the true burden and impact of unrecognized STIs are 

largely unknown [10].

In Mongolia, STIs have been consistently increasing over 

the past 20 years and comprise a substantial proportion of 

all infectious diseases reported in the country. The rising trend 

is expected to continue in the near future [11]. Relatively few 

studies on etiological cases of STIs have been performed in 

Mongolia. A 2008 study of pregnant women, who are generally 

considered the healthiest segment of the population, found 

surprisingly high rates of STIs, including chlamydia in 14.9%, 

trichomoniasis in 9.9%, and gonorrhea in 3.9% [12]. Among the 

257 high-risk women participating as participants in a 2009 bio-

behavioral epidemiological survey of HIV and STI distribution, 

chlamydia was found in 24.5%, gonorrhea in 15.6%, and 

trichomoniasis in 14.8% [13].

Only four STIs (syphilis, gonorrhea, trichomoniasis, and 

HIV/AIDS) are reported in Mongolia, which falls far behind 

best international practices. All reported cases of gonorrhea 

and trichomoniasis infections have been diagnosed using only 

conventional methods. STIs, such as urogenital chlamydia, 

genital herpes, warts, genital ureaplasma, and mycoplasma, are 

not systematically diagnosed due to insufficient and inconsistent 

inventory of laboratory detection kits and supplies. Therefore, 

the reported rates of these STIs significantly underestimates true 

rates, as shown in most data from specifically targeted studies. 

New nucleic acid based molecular diagnostic methods 

have been shown to have high sensitivity and specificity for 

simultaneous detection of a broad range of STI agents [14, 

15]. Public STI clinics in Mongolia mainly use conventional 

methods, such as Gram stain and culture, for the detection of 

N.gonorrhoeae,C.trachomatis, and T.vaginalis, and thus, there is 

a great need to introduce new molecular diagnostic methods 

to increase the detection of and the detection range of STIs. 

There have been no studies comparing the use of nucleic acid 

based diagnostic methods to the use of conventional diagnostic 

methods to diagnose the prevalence of STIs among high-risk 

individuals attending public sexually transmitted disease (STD) 

clinics in Mongolia. Therefore, the aim of this study was to 

determine the prevalence and etiology of common STIs occurring 

among the STD and Gynecology Clinic attendees and to compare 

the sensitivity and specificity of conventional versus molecular 

diagnostic methods. 

Materials and Methods 

The study was a collaborative effort between the National 

Center for Communicable Diseases (NCCD), National Center 

for Oncology (NCO), and the Medical Center “Gyals” LLC. The 

study used a hospital-based cross-sectional design to enroll 

an approximately equal number of men and women with and 

without symptoms of urogenital tract infection attending the 

STD clinic at the Department of HIV/AIDS and STI Surveillance 

and Research, NCCD, and women attending the Gynecology 

Clinic at the NCO between 2014 and 2015. Participants were 

classified into five study groups: men (n=299) and women 

(n=281) from STD clinic at NCCD with signs and symptoms of 

STIs; men (n=315) and women (n=301) from STD clinic at NCCD 

with no overt signs and symptoms of STIs; and women (n=245) 

attending Gynecology Clinic at NCO. Urethral or cervical swab 

specimens were collected from a total of 1,441 participants 
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and tested for the three most commonly occurring STIs (N. 

gonorrhoeae, T. vaginalis, and C. trachomatis) using conventional 

and molecular diagnostic methods.

1.	 Detection of STIs using conventional methods
For the conventional method, Gram stain and microscopy 

were used to identify intracellular Gram-negative diplococci. 

The presence of N. gonorrhoeae was confirmed using selective 

culture media (Thayer-Martin, Hi Media Laboratories Pvt. Ltd, 

India). T. vaginalis was detected via broth-based culture (Hi 

Media Laboratories Pvt. Ltd, India). These laboratory tests were 

performed by the STD Laboratory at NCCD.

2.	 Detection of STIs using Microarray Nucleic Acid 
Hybridization Method (MNAHM)

For the molecular method, GenoFlowArrayTestKit [FT-PRO] 

was used to perform the Microarray Nucleic Acid Hybridization 

Method (MNAHM) (DiagCor Bioscience Inc. Ltd, Hong Kong). 

MNAHM relies on PCR amplification and “flow-through” 

hybridization technology. The genomic DNA of target pathogen is 

amplified using PCR. The amplicons are subsequently hybridized 

to pathogen-specific capturing probes via “flow-through” 

hybridization per the manufacturer’s instruction (DiagCor 

Bioscience Incorporation Limited, 2013).

3.	 Determination of final disease status 
No one test was considered the gold standard. To determine 

the final infection status, we used the “either test positive 

strategy”—positive result from at least one of two methods, 

conventional gram stain and culture or the MNAHM—along 

with the presence of clinical signs and symptoms of an urogenital 

tract inflammation. 

4.	 Statistical analysis 
We performed descriptive statistical analysis, including the 

calculation of frequencies and proportions of study groups, 

for categorical variables. We compared proportions between 

groups using chi-square tests with confidence intervals (95% 

CI), based on a binomial distribution. We assessed agreement 

between conventional and molecular methods using Cohen’s 

Kappa coefficient. We constructed conventional two-by-two 

(2x2) tables with columns indicating the condition of the 

subjects (diseased or non-diseased) and rows indicating positive 

or negative test results to calculate indicators of sensitivity, 

specificity, and positive and negative predictive values. All 

analyses were performed using the STATA statistical software 

(STATA/IC Version 12.1, Stata Corporation, College Station, 

Texas, USA), with statistical significance at p<0.05.

5.	 Ethical statement
Ethical approval was obtained from the Ethical Committee of the 

Ministry of Health. Each patient signed a consent form to agree 

to participate in the study. 

Results

For the presentation of results, participants were classified into 

five groups: asymptomatic and symptomatic males (groups I, 

II), asymptomatic and symptomatic females (groups III, IV), and 

women with suspected cervical cancer (SCC) (group V). 

1.	 Socio-demographic characteristics
The mean age of participants differed significantly by study groups 

(Table 1). Among the participants, symptomatic men (Group II) 

were the youngest (mean age=27), while women with SCC 

Table 1. Age distribution of study participants 

Age/age group 

I. Asymptomatic 

males  

n=315

II. Symptomatic 

males  

n=299

III. Asymptomatic 

females 

n=301

IV. Symptomatic 

females 

n=281

V. Females with 

SCC 

n=245

Mean age (range) 31 (16-58) 27 (16-67) 35 (16-59) 32 (18-60) 38 (18-58)

15-24 67(21.3%) 115(38.5%) 46(15.3%) 58(20.6%) 17(6.9%)

25-34 159(50.5%) 141(47.2%) 90(29.9%) 124(44.1%) 58(23.7%)

35-44 60(19.0%) 34(11.4%) 116(38.5%) 80(28.5%) 108(44.1%)

45-54 25(7.9%) 7(2.3%) 45(15.0%) 15(5.3%) 53(21.6%)

> 55 4(1.3%) 2(0.7%) 4(1.3%) 4(1.4%) 9(3.7%)
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(Group V) were the oldest (mean age=38). Asymptomatic men 

and women (Group I and III) were older than their symptomatic 

counterparts (Group II and IV) by an average of 3 to 4 years 

(Table 1). Nearly half of the male participants (48.9%) and about 

a third of the female participants (37%) were between 25 to 

34 years old. More than half of the women were older than 35 

years old. Approximately 40% of asymptomatic women (Group 

III) and of women with SCC (Group V) were between 35 and 44 

years old.

We asked the participants attending the STD clinic at the 

NCCD about their level of education and employment status. 

Over half (59.4%, 711/1196) of the participants had college 

and/or university degrees, 17.4% (209/1196) had completed 

secondary school, 22.7% (272/1196) had some secondary 

education, and 0.3% (4/1196) had only primary education or 

no education at all. With regards to employment status, 65.8% 

(787/1196) were employed, 27.2% (326/1196) unemployed, 

and 6.9% (83/1196) were students.

2.	 Results of testing for N. gonorrhoeae, T. vaginalis, 
and C. trachomatis

Overall, N.gonorrhoeae was detected in 19.7% (284/1441), 

C.trachomatis in 12.5% (180/1441), and T.vaginalis in 7.8% 

(112/1441) of all participants. Significant differences in the rates 

of detection were observed by sex and the presence of signs and 

symptoms of STIs. 

Specifically, gonorrhea was present in 51.2% (153/299) of 

symptomatic men and 14.6% (41/281) of symptomatic women. 

More than 8% of asymptomatic men (26/315) and about 10.0% 

(30/301) of asymptomatic women tested positive for gonorrhea 

(Table 2). N.gonorrhoeae was the most prevalent pathogen 

among both symptomatic 153(51.2%) and asymptomatic  

26(8.3%) men compared with other pathogens (p<0.001) 

(Table 3). Among women with SCC, N.gonorrhoeae was found 

in 13.9% (34/245). 

C.trachomatis was most frequently found among 

symptomatic men (18.4%) followed by asymptomatic men 

(12.7%), symptomatic (12.1%), and asymptomatic women 

(11.0%). The lowest prevalence was observed among women 

with SCC (7.3%). 

The high prevalence of C.trachomatis observed among 

asymptomatic men and women indicates the mostly vague or 

silent course of chlamydia infection. Additionally, N. Gonorrhoeae 

was detected in over half of symptomatic men confirming the 

predominantly symptomatic nature of gonorrheal infection 

among men.  

No statistically significant differences were observed in 

gonorrhea and chlamydia rates between symptomatic and 

asymptomatic women except for trichomoniasis (Table 4).

3.	 Occurrence of multiple infections  
The occurrence of co-infections among the participants 

was not common. Less than 10% of the participants in each 

group were positive for more than one of the three tested STIs 

Table 2.Results of STI testing by MNAHM by study groups   

 

I. Asymptomatic 

males  

n=315

II. Symptomatic 

males  

n=299

III. Asymptomatic 

females 

n=301

IV. Symptomatic 

females 

n=281

V. Females 

with SCC 

n=245

p-value

T.vaginalis 15(4.8%) 22(7.4%) 24(8.0%) 37(13.2%) 14(5.7%) 0.002*

N.gonorrhoeae 26(8.3%) 153(51.2%) 30(10.0%) 41(14.6%) 34(13.9%) <0.001*

C.trachomatis 40(12.7%) 55(18.4%) 33(11.0%) 34(12.1%) 18(7.3%) 0.003*

*p-value < 0.05 significant

Table 3. Results of STI testing by MNAHM among men with and without symptoms 

 
I. Asymptomatic males  

n=315

II. Symptomatic males  

n=299
p-value

T.vaginalis 15(4.8%) 22(7.4%) 0.177

N.gonorrhoeae 26(8.3%) 153(51.2%) <0.001*

C.trachomatis 40(12.7%) 55(18.4%) 0.051

*p-value < 0.05 significant
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(Table 5). Symptomatic men (Group II) were twice as likely 

than symptomatic women (Group IV) to be co-infected with 

gonorrhea and chlamydia (7.7% vs. 3.6%). Among symptomatic 

women (Group IV), it was equally likely for chlamydia to occur 

with gonorrhea (3.6%) and trichomoniasis (3.6%). However, 

asymptomatic women (Group III) were more likely to be co-

infected with gonorrhea and trichomoniasis. Less than 1% of 

participants in each group tested positive for all three infections.

 

4.	 Comparison of N.gonorrhoeae and  T.vaginalis 
results 

Among both asymptomatic men and women (Group I and III), 

conventional methods did not detect any intracellular diplococci 

typical of N.gonorrhoeae. Intracellular diplococci were found 

on the Gram stain in 24.1% (72/299) of symptomatic men, but 

32.1% of symptomatic men (Group II) (96/299) tested positive 

for gonorrhea by culture. Only 1.4 % of symptomatic women 

(Group IV) (4/281,  p<0.05) tested positive for gonorrhea using 

conventional methods (Table 6). 

Among asymptomatic men and women (Group I and III), 

0.9% men (3/315) and 6.3% women (19/301) tested positive 

for trichomoniasis by culture. Among symptomatic women 

Table 4. Results of STI testing by MNAHM among women with and without symptoms 

 
Symptomatic females 

n=281

Asymptomatic females 

n=301
p-value

T.vaginalis 37(13.2%) 24(8.0%) 0.041*

N.gonorrhoeae 41(14.6%) 30(10.0%) 0.089

C.trachomatis 34(12.1%) 33(11.0%) 0.668

*p-value < 0.05 significant

Table 5. Frequency of co-infections by study group

Co-infections
I. Asymptomatic males  

n=315

II. Symptomatic males  

n=299

III. Asymptomatic 

females 

n=301

IV. Symptomatic females 

n=281

NG+CT 5 (1.6%) 23 (7.7%) 3 (1%) 10 (3.6%)

NG+TV 2 (0.6%) 8 (2.7%) 10 (3.2%) 5 (1.8%)

CT+TV 5 (1.6%) 3 (1%) 5 (1.6%) 10 (3.6%)

All three 1 (0.3%) 0 2 (0.7%) 1 (0.4%)

Note: Co-infection type: NG+CT- N.gonorrhoeae and C.trachomatis; NG+TV-N.gonorrhoeae and T.vaginalis;CT+TV-C.trachomatis and T. vaginalis

Table 6. Results of N.gonorrhoeae and T.vaginalis detection using conventional (Gram stain and culture) and molecular (MNAHM) methods

Groups 
N.gonorrhoeae T.vaginalis

Conventional  MNAHM Conventional  MNAHM

I. Asymptomatic men (n=315) 0 26(8.3%) 3(1.0%) 15(4.8%)

II. Symptomatic men (n=299) 96(32.1%) 153(51.2%) 21(7.0%) 21(7.4%)

III. Asymptomatic women (n=301) 0 30(10.0%) 19(6.3%) 24(8.0%)

IV. Symptomatic women (n=281) 4(1.4%) 41(14.3%) 20(7.1%) 37(13.2%)

V. Women with SCC (n=245) 1(0.4%) 34(13.9%) 1(0.4%) 14(5.7%)

Total: n=1441 101(7.0%) 284(19.7%) 64(4.4%) 112(7.8%)

Positive results agreement 90 19

Discrepant results 205 138

Kappa (95% CI) 0.41(0.34-0.47) 0.17(0.09-0.21)

For N.gonorrhoeae, conventional methods had 33.3% sensitivity and 99.1% specificity, while MNAHM had 95.1% sensitivity and 98.8% specificity (Table 

7). For T.vaginalis, conventional methods  had low sensitivity (17.9%), while MNAHM had high sensitivity (98.2%), however, the specificities of both 

methods were over 95%. 
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(Group IV), 7.1% (20/281) tested positive for trichomoniasis 

by culture. Conventional methods had poor agreement with 

MNAHM for T. vaginalis (Kappa=0.17) and moderate agreement 

for N. gonorrhoeae (Kappa=0.41) (Table 6). 

Discussion

We have compared our study findings with the results of domestic 
and international investigations. A study of symptomatic women 
attending sexual health clinics in Scotland found 0.3% prevalence 
of N.gonorrhoeae, 2.8% of T.vaginalis, and 7.3% of C.trachomatis 
using nucleic acid based tests[16]. Our study found much higher 
rates among symptomatic women in Mongolia compared to 
symptomatic women in Scotland. Specifically, we found 14.6% of 
N.gonorrhoeae, 13.2% of T.vaginalis, and 12.1% of C.trachomatis. 
Our study findings were similar to the results reported in a study 
of women attending STD clinics in the USA, with the exception of 
N.gonorrhoeae, which was four times greater in our study [17].

Among domestic investigations, a study by B. Khandsuren 
et al. found the prevalence of C.trachomatis at 39.3% among 
individuals with signs of urogenital tract inflammation, while a 
study by Erdenechimeg.Ch reported a 34.1% prevalence rate 
[18, 19]. These rates are nearly 2 to 3-fold higher  than the C. 
trachomatis prevalence rate of 12.5% found in our study. High 
rates of STIs were also found among the 257 high-risk women 
who participated in a 2009 bio-behavioral epidemiological survey 
of HIV and STI distribution, with chlamydia in 24.5%, gonorrhea 
in 15.6% and trichomonas in 14.8% of participants [13]. A 

2008 epidemiological study among 2,000 pregnant women in 
antenatal care found relatively high rates of STIs as well, with 
chlamydia in 14.9%, trichomonas in 9.9%, gonorrhea in 3.9%, 
and syphilis in 3.5% of participants [12]. In our study, culture was 
positive for T.vaginalisin 7.1% of symptomatic women, which was 
nearly four times lower than the 28.4% found in a 2013 study 
by Giimaa N. among 109 women attending the “Red Ribbon” 
clinic at NCCD [20]. These domestic studies have demonstrated 
a high prevalence of STIs among different population groups in 
Mongolia. 

Evangelia-Theophano Piperaki et al. studied women 
attending a gynecology clinic in Greece (2006) and found that 
trichomonas infections were more prevalent in symptomatic 
women (6.7%) than in asymptomatic women (2.4%). This study 
found that PCR was the most sensitive method (100%) while the 
culture had 69.6% sensitivity, and there was strong agreement 
among PCR, culture, and wet mount methods (κ=0.79) [21]. A 
1998 study by Madico demonstrated the high sensitivity of PCR, 
compared to culture or wet mount methods, for the detection of 
T. vaginalisamong STD clinic attendees. Positive T. vaginalis results 
were 39% higher with PCR compared to culture [22].

Our study observed a large discrepancy in gonorrhea rates 
found using conventional methods between symptomatic men 
(32.1%) and asymptomatic women (1.4%). These results were 
consistent with the findings of a study from India by Bhargava 
A., which found greater positive results in men with urethral 
discharge versus in women with vaginal or cervical discharge 
using microscopy and culture (65.8% vs 0.5%, p < 0.0001). Thus, 

Table 7. Sensitivity and specificity of conventional and MNAHM test results for N.gonorrhoeae and T.vaginalis

N.gonorrhoeae T.vaginalis

Conventional  MNAHM Conventional  MNAHM

True positive (TP) 90 270 20 110

True negative (TN) 1160 1143 1284 1324

False positive (FP) 11 14 45 5

False negative (FN) 180 14 92 2

Sensitivity

95% CI

33.3%

(28.0-39.2)

95.1% 

(91.9-97.0)

17.9%

(11.9-26.0)

98.2%

(93.7-99.5)

Specificity 

95% CI

99.1%

(98.3-99.5)

98.8% 

(98.0-99.3)

96.6%

(95.5-97.5)

99.6%

(99.1-99.8)

Positive predictive value (PPV)

95% CI

89.1%

(81.5-93.8)

95.1%

(91.9-97.0)

30.8%

(20.9-42.8)

95.7%

(90.2-98.1)

Negative predictive value (NPV)

95% CI

86.6%

(84.6-88.3)

98.8%

(98.0-99.3)

93.3%

(91.9-94.5)

99.8%

(99.5-99.9)
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conventional diagnostic methods may not be effective for the 
diagnosis of vaginal and cervical discharge syndrome [23]. 

Nucleic acid based diagnostic methods have been shown to 
have high sensitivity and specificity in multiple studies. In a study 
of 185 men with urethritis by Jahan F et al. N.gonorrhoeae was 
diagnosed in 51 men by microscopy (27.6%), 49 men by culture 
(26.5%), and 56 men by PCR (30.3%), and thus, they concluded 
that PCR has a higher sensitivity compared to conventional 
methods (p<0.001) [24]. Peuchant O et al. compared three 
commercial real-time PCR assays, the Abbott RealTime CT/NG, the 
Cobas® 4800 CT/NG, and the Cepheid Xpert® CT/NG, for the 
detection of C.trachomatis and N.gonorrhoeae in vaginal swabs 
collected prospectively from pregnant women. The sensitivity of 
those assays ranged from 98.9% to 99.5% with a Kappa score 
of 0.94 to 1.0 [25]. A study by Skulskal. E et al. also found high 
sensitivity of PCR, with the percent agreement between PCR 
and culture for gonorrhea at 96.8% for males and 85% for 
females [26]. Stefanski et al. reported a 75.7% sensitivity and 
43.3% specificity of the smear test to detect gonorrhea and thus, 
concluded that the smear test should not be used solely [27]. The 
results of our study strongly support these findings. 

In other studies, the differences in sensitivity between 
conventional and molecular methods were related to sex. 
Bartelsman M et al. reported the sensitivity of smear tests at 
95.4% among symptomatic males but at 23.1% for symptomatic 
females, thus, the authors concluded and recommended the 
smear test only for high-risk males and those with visible signs 
and symptoms of an urogenital tract inflammation [28]. 

In our study, conventional methods had very low sensitivity 
levels for T.vaginalis and N. gonorrhoeae (17.9% and 33.3%, 
respectively) compared with the 95%+ sensitivity levels for 
MNAHM, which resulted in low and moderate levels of agreement 
between conventional methods and MNAHM. One of the reasons 
for such low sensitivity could be related to the quality and/or the 
validity of  the laboratory reagents and supplies used. Laboratory 
kits and supplies used at NCCD were procured through tender 
bids by various companies, and the quality was unknown. The 
vast discrepancy could also be related to the quality and validity 
of the MNAHM. Therefore, further quality assurance and validity 
studies of laboratory reagents and supplies used in laboratories in 
Mongolia are needed. 

The main limitation of our study was the lack of local data for 
comparison, which could have explained with more certainty the 
wide discrepancy observed between conventional and molecular 
diagnostic methods. Our study only compared the results of 

the tests from the STD clinic, excluding the results from the 
Gynecological Clinic, and thus, further comparison studies among 
broader, more general population groups are needed to confirm 
and validate our study findings. 

In summary, our study clearly demonstrated that 
conventional methods should not be used alone and highly 
sensitive nucleic acid based molecular diagnostic methods need 
to be urgently introduced into Mongolian public hospitals to 
improve the detection and management of primary pathogens of 
urogenital inflammation such as N.gonorrhoeae, C.trachomatis, 
and T.vaginalis. Our study supports the use of highly sensitive 
diagnostic methods to control the persistently high STI epidemic 
in Mongolia and  to prevent complications, adverse reproductive 
consequences, and ensuing high cost to the health system of the 
country. 
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