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Abstract

Background:

Female genital tuberculosis (FGTB) is the
second most common form  of

extrapulmonary tuberculosis and is a well-
recognized cause of infertility in women.
Diagnosis of FGTB remains challenging
due to its varied clinical presentation and
the lack of highly sensitive conventional
diagnostic modalities. Cartridge-based
nucleic acid amplification test (CBNAAT)
offers rapid and specific detection of
Mycobacterium tuberculosis and may aid in
early diagnosis. Aims and Objectives: To
evaluate the role of CBNAAT in the
detection of genital tuberculosis from
endometrial tissue in women with infertility,
to determine the institutional prevalence of
FGTB among infertile women, and to
compare CBNAAT with histopathological
examination (HPE), Ziehl-Neelsen (ZN)
staining, and acid-fast bacilli (AFB) culture.
Materials and Methods: This
observational study included women
presenting with infertility. Premenstrual
endometrial biopsy samples were obtained
and subjected to  histopathological
examination, ZN staining, AFB culture, and
CBNAAT (GeneXpert) for detection of

Mycobacterium tuberculosis. Results: Out
of 120 women evaluated, 25 tested positive
for  Mycobacterium  tuberculosis by
CBNAAT, giving an institutional
prevalence of FGTB of 20.8% among
infertile women. Histopathological
examination revealed nonspecific
inflammatory changes in 10.8% of cases.
AFB culture was positive in only 2.5% of
cases, while ZN staining was negative in all
samples. Conclusion: CBNAAT is a highly
specific and more sensitive diagnostic
modality for the detection of female genital
tuberculosis compared to conventional
methods. Histopathological findings were
largely nonspecific, and ZN staining failed
to detect any positive cases. Among the
diagnostic methods evaluated, CBNAAT
demonstrated the highest diagnostic utility
and superior sensitivity over culture in
detecting FGTB.
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INTRODUCTION

Infertility is clinically defined as the
inability to achieve conception after one
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year of regular, unprotected sexual
intercourse. [1] The global prevalence of
infertility ~ varies  widely, affecting
approximately  5-20%  of  couples
worldwide. [2] Female infertility may result
from a wide spectrum of causes, including
ovulatory  dysfunction, genital tract
infections, tubal obstruction, uterine
abnormalities, endometriosis, hormonal
disturbances, and pelvic inflammatory
disease. [3] Despite comprehensive
evaluation, a considerable proportion of
cases remain without an identifiable
etiology and are classified as unexplained
infertility, highlighting the need to explore
subtle and underdiagnosed factors
contributing to impaired fertility. [4]
Although female-related factors play a
predominant role, male factors contribute to
nearly 40-50% of infertility cases, either
independently or in combination with
female causes. Male genital tuberculosis
may involve the epididymis, prostate,
seminal vesicles, or testes, leading to
obstruction of the reproductive tract,
impaired spermatogenesis, and
azoospermia. Due to its insidious onset and
frequently asymptomatic course, male
genital  tuberculosis  often  remains
undetected, particularly in individuals
presenting with normal semen parameters
or unexplained infertility.

Genital tuberculosis (GTB), an
extrapulmonary manifestation of
Mycobacterium tuberculosis infection, is
an important yet underdiagnosed cause of
infertility, especially in low- and middle-
income countries. [5] Globally, GTB
affects approximately 5-10% of infertile
women, with prevalence rates below 1% in
developed nations and reaching up to 13%
in developing regions. In India, GTB has
been reported in about 3% of infertile
women, with prevalence increasing to
nearly 41% among women with tubal factor
infertility. [6] The disease predominantly
affects women of reproductive age (2040
years), thereby exerting a substantial
impact on reproductive health. [7]

According to the Indian Council of Medical
Research (ICMR), the prevalence of female
genital tuberculosis (FGTB) in India
increased from 19% in 2011 to 30% in 2015.
[8] The fallopian tubes are the most
commonly involved site (>95%), followed
by the endometrium (60%), ovaries (20—
30%), and cervix (15%), while involvement
of the myometrium (2.5%) and vagina or
vulva (1%) is rare. [9] Infertility is the
presenting complaint in approximately 40—
80% of women with FGTB. However,
diagnosis remains challenging due to the
paucibacillary nature of the disease and
limitations of conventional diagnostic
modalities. ~ Serological  tests  and
microscopy have low diagnostic yield,
while  histopathological  examination,
although supportive, lacks specificity. [10]
Mycobacterial culture, considered the gold
standard, is time-consuming and often
delays diagnosis and treatment initiation.
To address these diagnostic limitations, the
World Health Organization introduced the
cartridge-based nucleic acid amplification
test (CBNAAT) in 2010. CBNAAT, also
known as GeneXpert MTB/RIF, was
adopted by the Revised National
Tuberculosis Control Programme (RNTCP)
in India in 2012. This molecular diagnostic
tool offers rapid and accurate detection of
Mycobacterium tuberculosis and
rifampicin resistance, making it particularly
valuable for extrapulmonary tuberculosis.
However, literature  evaluating the
diagnostic accuracy and utility of
CBNAAT in female genital tuberculosis
remains limited.

Diagnosis of genital tuberculosis is further
complicated by its largely asymptomatic or
latent presentation, necessitating a high
index of clinical suspicion and extensive
diagnostic evaluation. [11] Traditional
diagnostic  approaches include chest
radiography, tuberculin skin testing,
hysterosalpingography for tubal
abnormalities, histopathological
examination with acid-fast staining, and
mycobacterial culture of endometrial tissue.
Nevertheless, these methods exhibit
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variable sensitivity and specificity and are
often inadequate for detecting endometrial
tuberculosis (ETB). [12]

Endometrial involvement plays a pivotal
role in infertility, menstrual disturbances,
chronic pelvic inflammatory disease, and
dyspareunia. Endometrial tuberculosis
accounts for a significant proportion of
extrapulmonary tuberculosis cases
worldwide, with reported prevalence
ranging from 14% to 41%. [13]
Epidemiological data indicate a rising
global burden of genital tuberculosis, with
similar increasing trends observed in India.
[14]

The GeneXpert MTB/RIF assay is a fully
automated, real-time polymerase chain
reaction—based test that utilizes a single-use
cartridge containing all necessary reagents
for sample processing, DNA extraction,
amplification, and detection. The system
purifies and concentrates Mycobacterium
tuberculosis bacilli, isolates genomic DNA
by sonication, and detects rifampicin
resistance through amplification of the
rpoB  gene using molecular beacon
technology. Results are available within 90
minutes, with minimal biosafety risk and
limited technical expertise required. Owing
to its rapid turnaround time and high
diagnostic accuracy, CBNAAT represents a
promising tool for early diagnosis of
endometrial tuberculosis in women with
infertility.

Materials and Methods

Study Design and Setting

This was an observational study conducted
to evaluate the role of cartridge-based
nucleic acid amplification test (CBNAAT)
in the detection of genital tuberculosis from
endometrial ~ tissue among  women
presenting with infertility. The study was
carried out in the Department of Obstetrics
and Gynecology in collaboration with the
Department of Chest and Tuberculosis at
FH Medical College and Hospital, Satauli,
Uttar Pradesh, over a period of 12 months.
Study Population and Sample Size

A total of 120 women presenting with
infertility and fulfilling the inclusion
criteria were enrolled in the study.
Criteria for Selection of Cases

Inclusion Criteria

Women with infertility (primary or
secondary) attending the outpatient
department.

Exclusion Criteria

Known cases of pulmonary tuberculosis or
extrapulmonary tuberculosis.

Women who did not give consent to
participate in the study.

Data Collection

After enrollment, the study procedure was
explained in detail to all participants, and
written informed consent was obtained.
Socio-demographic data including age,
educational status, socioeconomic status,
and rural or urban residence were collected
and recorded in a predesigned proforma.

A detailed clinical history was obtained,
including presenting complaints, duration
and type of infertility, duration of marriage,
number of living children, menstrual
history, obstetric and gynecological history,
and family history of tuberculosis. Sexual
history was elicited, including frequency of
intercourse, dyspareunia, impotence, or
vaginismus. Information regarding past
history of tuberculosis, contact with a
tuberculosis patient, history of sexually
transmitted infections, and prior treatment
for infertility was also documented.
Sample Collection and Laboratory
Evaluation

Premenstrual phase endometrial biopsy was
obtained from all participants under aseptic
precautions. The collected endometrial
tissue samples were subjected to the
following investigations:

Histopathological examination (HPE)
Ziehl-Neelsen staining and culture for
acid-fast bacilli (AFB)

Cartridge-based nucleic acid amplification
test (CBNAAT/GeneXpert MTB/RIF)
Statistical Analysis

The collected data were compiled using
Microsoft Excel and analyzed using IBM
SPSS version 28. The diagnostic
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performance of CBNAAT in detecting
female genital tuberculosis was assessed by
calculating sensitivity, specificity, positive
predictive value (PPV), and negative
predictive value (NPV, and results were
expressed as percentages.

Observations and Result

A total of 120 women with infertility were
enrolled in the study. The mean age of the
participants was 28.03 + 5.7 years. The
majority of women (51.7%) belonged to
the 25-29 years age group, followed by
26.6% in the 30-34 years age group.
Women aged 20-24 years and 35-39 years
constituted 16.7% and 5% of the study
population, respectively.

Primary infertility was observed in 93.3%
of cases, while 6.7% of women had
secondary infertility. With regard to
socioeconomic status, 29.2% of women
belonged to the lower-middle
socioeconomic class, followed by 25.8%
and 20.8% from the lower and upper-
lower socioeconomic classes, respectively.

Table 1: Distribution according to Age

Only 18.3% of women were from the
upper-middle socioeconomic class, and
5.8%  belonged to the upper
socioeconomic class.

CBNAAT was performed in all 120 cases,
of which 20.8% tested positive for
Mycobacterium tuberculosis.
Histopathological examination of
endometrial biopsy samples revealed
inflammatory changes in 10.8% of cases,
while other abnormal findings were noted
in 1.7% of cases. The remaining 87.5% of
biopsies showed normal histological
features.

Ziehl-Neelsen staining for acid-fast bacilli
was negative in all cases (100%). Culture
for Mpycobacterium tuberculosis was
positive in 2.5% of cases. Overall,
CBNAAT demonstrated the highest
positivity rate (20.8%) among all
diagnostic modalities, compared with
histopathological examination (10.8%) and
culture (2.5%), while smear microscopy
failed to detect any positive cases.

Age (years) Frequency (n=120) Percentage
20-25 20 16.7

26-30 62 51.7

31-35 32 26.6

36-40 6 5

Table 2: Distribution of patients according to the type of infertility

Type of Infertility Frequency (n=120) Percentage
Primary 112 933
Secoundary 8 6.7

Table 3: Distribution of patients according to socioeconomic status
socioeconomic status Frequency (n=120) Percentage
Upper 7 5.8
Upper Midile 22 18.3
Lower midle 35 29.2
Upper lower 25 20.8
Lower 31 25.8

Table 4: Distribution of patients according to CBNAAT

CBNAAT Frequency (n=120) Percentage
Positive 25 20.8
Negative 95 79.2
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Table S: Distribution according to findings of endometrial biopsy

endometrial biopsy Frequency (n=120) Percentage
Normal 105 87.5
Inflammatory Cells 13 10.8
Other 2 1.7

Table 6: Distribution according to smear for AFB

Smear for AFB Frequency (n=120) Percentage

Positive 0 0
Negative 120 100

Table 7: Distribution according to culture findings
Culture Frequency (n=120) Percentage
Positive 3 2.5
Negative 117 97.5

Table 8: Results of various tests on endometrial samples

Test Frequency (n=120) Positive results (%)
CBNAAT 120 25 (20.8)
Smear 120 0
Culture 120 325
DISCUSSION disturbances and recurrent pregnancy loss.

Female genital tuberculosis (FGTB)
remains a significant public health problem
in developing countries and 1is often
clinically silent. When symptomatic, it
commonly presents as chronic pelvic
inflammatory disease, menstrual
irregularities, and infertility. Isolation of
Mycobacterium tuberculosis from genital
tract tissue by culture is considered the gold
standard for diagnosis; however, genital
tuberculosis is one of the most common
forms of extrapulmonary tuberculosis, and
its true prevalence remains uncertain due to
its predominantly asymptomatic nature.
[16-18]

Although any part of the female genital
tract may be involved, the fallopian tubes
are affected in more than 95% of cases,
followed by the endometrium (60%) and
ovaries (20-30%), while involvement of

the myometrium and vagina or vulva is rare.

[19] Infertility is the most frequent
presentation and may be observed in up to
80% of women with FGTB. Other clinical
manifestations include menstrual

[20]

Several pathophysiological mechanisms
contribute to infertility in FGTB. Tubal
factors include tubal obstruction, loss of
ciliary function, adhesions, hydrosalpinx,
and tubo-ovarian mass formation. Uterine
involvement results in reduced endometrial
receptivity, implantation failure,
endometrial atrophy, synechiae, and altered
vascularization. Ovarian dysfunction may
manifest as chronic anovulation, luteal
phase defects, antigonadotropic effects of
tuberculosis, implantation failure, and
intrinsic oocyte defects. The present study
was undertaken to evaluate the role of
CBNAAT in detecting genital tuberculosis
from endometrial tissue in women with
infertility.

In the present study, 120 women with
primary or secondary infertility were
evaluated. The mean age of the study
population was 28.03 £ 5.7 years, with the
majority of women (51.7%) belonging to
the 25-29-year age group. Previous
literature suggests that female genital

376| International Journal of Pharmacy Research & Technology | Jan -Jun 2026 Vol 16| Issue 1



Dr Swati Sharma et al / A Cross-Sectional Study on the Prevalence of Endometrial Tuberculosis Among
Women with Unexplained Infertility Using CBNAAT

tuberculosis occurs at a younger age in infertility. [23,28] In the present study, 93.3%

developing countries such as India (20-30
years) compared to developed countries
(around 40 years). This earlier presentation
may be attributed to early marriage and
early childbearing practices. Our findings
are consistent with these observations.
Socioeconomic status has been identified as
an important determinant of reproductive
health. [21] Poor socioeconomic conditions
and inadequate genital hygiene have long
been associated with genital tuberculosis.
[22] In the present study, the majority of
women belonged to the lower-middle
socioeconomic class (29.2%), followed by
the lower socioeconomic class (25.8%).
Similar findings were reported by Keshari
V et al., who observed that nearly 50% of
patients belonged to the lower-middle class.
[23] These observations are also supported
by Surekha T et al. [21] The higher
representation of women from lower
socioeconomic strata in our study may
reflect the patient population attending our
tertiary care center.

CBNAAT is a real-time polymerase chain
reaction—based assay that enables rapid
detection of Mycobacterium tuberculosis
and rifampicin resistance through targeting
the rpoB gene. [24] Previous studies have
demonstrated high specificity (98—100%)
and variable sensitivity for extrapulmonary
tuberculosis. [25] In the present study,
CBNAAT was positive in 20.8% of women
with infertility. Comparable findings were
reported by Kumar et al., who observed
CBNAAT positivity in 17.1% of genital
tuberculosis cases. [26] In contrast, Kousar
S et al. reported a very low positivity rate
and questioned the utility of CBNAAT in
diagnosing genital tuberculosis. [27]
However, Keshari V et al. reported
CBNAAT positivity in 25% of cases,
supporting its diagnostic value. These
variations may be attributed to differences
in sample size, disease prevalence, and the

paucibacillary nature of genital tuberculosis.

Genital tuberculosis is associated with both
primary and secondary infertility, although
it is more commonly linked with primary

of women had primary infertility, and most
CBNAAT-positive cases were observed in
this group. This may be related to the social
stigma associated with childlessness and
the tendency of women with primary
infertility to seek medical care earlier.

No significant association was observed
between CBNAAT positivity and the type
of infertility. Since there is no universally
accepted gold standard for the diagnosis of
extrapulmonary  tuberculosis, multiple
diagnostic modalities were employed.
Ziehl-Neelsen staining was negative in all
cases, and culture was positive in only 2.5%
of cases. These findings are consistent with
those of Farhana A et al., who reported 100%
smear negativity and low culture positivity.
[29] Similar observations were made by
Zahoor D et al., who reported nonspecific
histopathological findings and smear
negativity in all cases. [30]

In the present study, CBNAAT
demonstrated higher sensitivity than culture
in detecting genital tuberculosis. Similar
results were reported by Tiwari K et al.,
where CBNAAT detected more cases
compared to histopathology and culture.
[31] The low yield of microscopy and
culture may be attributed to the
paucibacillary nature of endometrial
tuberculosis, making conventional
diagnostic techniques less reliable.
CONCLUSION

Infertility is a common reason for women
to seek gynecological care, and female
genital tuberculosis (FGTB) remains an
important yet underdiagnosed cause,
particularly in developing countries.
Mycobacterium tuberculosis can cause
irreversible damage to the endometrium
and other genital organs; therefore, early
diagnosis and prompt treatment are
essential to improve fertility outcomes.
This study demonstrates that CBNAAT is a
rapid, sensitive, and specific diagnostic
modality for detecting FGTB, with a higher
detection rate than conventional methods
such as microscopy, histopathology, and
culture. Histopathology was nonspecific,
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Ziehl-Neelsen staining was negative in all
cases, and culture positivity was low, likely
due to the paucibacillary nature of
endometrial tuberculosis. CBNAAT also
offers the advantage of rapid turnaround
time and detection of rifampicin resistance.
A high index of suspicion and a multimodal
diagnostic ~ approach  can  improve
diagnostic yield and enable early treatment.
Strengths and Limitations of the Study

The strength of this study lies in its
evaluation of the diagnostic utility of
CBNAAT in detecting female genital
tuberculosis using endometrial biopsy
samples in women with infertility, a
population in whom the disease is often
underdiagnosed. A multimodal diagnostic
approach was adopted by comparing
CBNAAT with histopathology, Ziehl—
Neelsen staining, and mycobacterial culture,
providing a comprehensive assessment.
The wuse of premenstrual endometrial
sampling and conduct of the study in a
tuberculosis-endemic ~ region  further
enhance its clinical relevance.

However, the study has certain limitations.
It was conducted at a single tertiary care
center with a relatively small sample size,
which may limit generalizability. The
absence of a definitive gold standard for
diagnosing female genital tuberculosis
restricts precise evaluation of diagnostic
accuracy. Additionally, only endometrial
tissue was assessed, and long-term fertility
outcomes following treatment were not
evaluated.
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