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A B S T R A C T

Background: Female genital tuberculosis (FGTB) has a crucial role in many gynaecological complaint
and delay in diagnosis can cause irreversible damages. The new diagnostic technique GeneXpert system is
accurate and rapid test can make paradigm shift in FGTB treatment.
Aim & Objectives: The aim of the study to estimate efficacy of different tests i.e. AFB BACTEC culture,
molecular assay (TB-PCR) and histopathology in comparison to GeneXpert system to detect FGTB.
Materials and Methods: The prospective observational study was conducted in between January, 2018
and June, 2019. Randomly selected total 62 patients were put under all four diagnostic tests from
endometrial sampling. The positivity of genital TB and efficacy of the tests were compared with test result
of GeneXpert assay.
Results: In our study, out of 62 patients, most commonly 33.9% were each from age group of 21-
30 and 31-40 years i.e. reproductive ages, 45.2% were overweight, primary infertility of 48.4% patients
were predominant symptomatology. Overall positivity by GeneXpert test was 21% (3/62), histopathology
8.1% (5/62), AFB BACTEC culture 12.9% (8/62) and 24.2% (15/62%) by molecular assay (TB-PCR). On
evaluating against our diagnostic tests, specificity of histopathology, AFB BACTEC Culture and TB-PCR
was 97.96%, 95.92% and 75.51%. The diagnostic tests were analysed by Kappa measure agreement in
comparison to GeneXpert assay. The histopathology and AFB BACTEC Culture showed fair and moderate
agreement respectively, but on the contrary TB-PCR have not showed any agreement with GeneXpert assay.
Conclusion: High degree of suspicion and battery of tests needed for diagnosis of genital TB. Rapid
diagnosis by GeneXpert assay may play a crucial role in TB control programme.
Key Messages: Female genital tuberculosis (FGTB) has a crucial role in many gynaecological complaint
and delay in diagnosis can cause irreversible damages. The new diagnostic technique GeneXpert system is
accurate and rapid test can make paradigm shift in FGTB treatment.
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1. Introduction

Tuberculosis (TB) remains a major public health concern
even in the twenty-first century. Almost 10 million
people are developing active disease globally each year
with an average of 1.33 million deaths.1 The World
Health Organization (WHO) declared TB, as a global
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emergency in 1993 and recommended Directly Observed
Treatment Short-course (DOTS) strategy to tackle the
disease, especially in developing countries.2 The Revised
National TB Control Programme (RNTCP) of India had
incorporated the DOTS strategy in 2005 and diagnosed 71%
cases and cured over 87% diagnosed cases with a seven-
fold reduction in mortality.3 Female genital TB (FGTB)
was first reported by Morgagni in 1744 on the autopsy of
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a young woman who died from TB peritonitis. The FGTB
causes infertility, dyspareunia, menstrual irregularities and
chronic pelvic inflammatory disease (PID) in women.4–8

Genitourinary TB is a common variant of Extrapulmonary
TB (EPTB) globally (27%), out of which FGTB alone
contributing 9% of all EPTB cases.4,9

Mycobacterium tuberculosis (rarely Mycobacterium
bovis and/or atypical mycobacteria) is the aetiological
agent.4–12 Genital TB usually spread from haematogenous
or lymphatic route or direct spread direct from adjacent
organs.10 Hydrosalpinx, pyosalpinx, tubo-ovarian masses,
dense adhesions and ectopic pregnancy5–8 can be a fate
from the genital TB after damage of fallopian tube
from tuberculous endosalpingitis, exosalpingitis, interstitial
TB salpingitis and Salpingitis isthmica nodosa.5–8,10

Destruction of the endometrium with synechiae formation
may lead to Asherman’s syndrome and manifest as
secondary amenorrhea and infertility.13

There is indiscriminate use of antitubercular drug due to
the lack of reliable and universally acceptable diagnostic
techniques, this has further complicated the scenario by
enhancing the incidence of multi-drug resistant (MDR)
and extensively drug-resistant (XDR) TB.1 Out of several
diagnostic methods, GeneXpert assay is being considered as
gold standard for diagnosing genital TB.14 Primary aim of
our study was to detect the effectiveness of AFB BACTEC
culture, molecular assay (TB-PCR) and histopathology
in comparison to GeneXpert assay to diagnose FGTB.
Secondary aim of our study is to correlate the clinical
findings with diagnostic tests in the study.

2. Materials and Methods

The study was carried out in a medical college and hospital
of eastern part of India with a tertiary health care facility. It
is a prospective observational study conducted in between
the first day of January 2018 to 30th June 2019 i.e. eighteen
months’ period.

The Institutional Ethics Committee approved the
study and the study was performed in accordance with
its recommendations and with the ethical standards of
the responsible committee on human experimentation
(institutional and national) and with the Helsinki
Declaration of 1975 that was revised in 2013 and informed
consent was obtained from all participants for being
included in the study.

The study participants were recruited during the study
period from the visited patients of outpatient department
of Gynaecology and Obsteatrics. Study participants were
those meeting inclusion and exclusion criteria. Data were
collected in hard copy format and the adopted sampling
method was systemic random sampling.

Under inclusion criteria, study participants were to
be 18-60 years age group with complaints of menstrual
irregularities or pelvic inflammatory disease (PID) or post-

menopausal bleeding or infertility from female partners.
Women with menstrual irregularity were included in the
study in the form of menorrhagia, polymenorrhoea or
menorrhagia as per standard definitions and excluding
the structural causes (PALM) of PALM-COEIN (FIGO-
2011).15 Patients with menstrual irregularities were
included in the study after failed medical treatment. Both
primary and secondary type of female infertility patients
were included in study as participants. Diagnosed patients
of endocrinological disorder and/or coagulopathy were
excluded from study participants. Women unfit for operation
under general anesthesia were also excluded from the study.

Under general anesthesia, selected patients were put
under premenstrual diagnostic laparoscopy, hysteroscopy
operation and endometrial sampling by dilatation &
curettage (D & C). Endometrial tissues were collected
both in normal saline for TB-PCR, AFB BACTEC Culture
and GeneXpert assay and also in formalin solution for
histopathology examination (HPE). Patients were diagnosed
as FGTB if report for genital tuberculosis was positive in
any of the methods. Investigation named GeneXpert assay
was considered as gold standard to diagnose of genital
TB.16,17

2.1. The following investigations were used as an
instrument in our study

BACTEC Culture: BACTEC culture was a radiometric
culture and released carbon dioxide by bacteria was
measured. The culture was performed using automated
BACTEC Mycobacterial Growth Indicator Tube 960
(MGIT960) based on modified Middlebrook 7H9 Broth
with an oxygen-sensitive fluorescent detection technology.

MOLEUCULAR Assay (TB-PCR): The test was based
on the amplification and simultaneous detection of
target DNA of the mycobacterial genome using Real-
Time Polymerase Chain Reaction (RT-PCR), the target
being sequence specific amplicons fluorescence intensity
exceeding fluorescence intensity at threshold cycle of the
amplification curve. The analysis was done by Roter-Gene
Q machine.

GeneXpert System or GeneXpert assay is a cartridge
based nucleic acid amplification test (CBNAAT): It uses
heminested real time PCR to amplify and simultaneously
detect Mycobacterium tuberculosis complex (MTBC) and
resistance to rifampin (RIF) within 100 minitues.17 Due to
constraints of our study objectives, we had not collected data
for drug resistance.

Histopathology: For histopathological studies a portion
of the endometrial tissue was fixed in 10% Formalin, routine
processing was done, stained with haematoxylin and eosin.
Presence of caseating granuloma surrounded by epithelioid
cells, lymphocytes and plasma cells and giant cells are
diagnostic of tuberculosis.
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Demographic data i.e. age, parity and Body Mass Index
(BMI) of each patient was recorded. Body Mass Index
(BMI) was categorized by measuring height (metre) and
weight (kilogram) at the time of hospital attendance of
the patient in our study. Depending on the measurement,
BMI (in kg/m2) was categorized into underweight
(<19.9), normal (20.0 – 24.9), overweight (25.0 – 29.9),
obesity (30.0 –35.0), morbid obesity (≥35.0).18 Findings
of ultrasonography (USG), diagnostic laparoscopy and
hysteroscopy operation of all patients were recorded.

The collected data were computed in a Microsoft Excel
2007 spreadsheet and statistical data analysis was performed
with SPSS (IBM SPSS Statistics for Windows, Version
24.0) software. Cohen’s kappa was used to assess the
agreement between different study variables. Diagnostic
accuracy, sensitivity, specificity, positive predictive value
and negative predictive value were calculated using the
2× 2 crosstab method on the SPSS software to compare
the findings of different diagnostic tools; considering the
diagnosis by GeneXpert assay as de facto gold standard.

3. Results

In our study, out of sixty-two patients, 33.9% (21/62)
patients belonged to 21-30 years and 31-40 years age groups
each, followed by 19.4% (12/62), 6.5% (4/62) and 6.5%
(4/62) belonged to 41-50 years, less than 21 years and
over 50 years age groups respectively. Mean and median
age of presentation was 34.79±10.38 years and 33 years
respectively with a range of 19-62 years. In our study most
of the patients 56.4% (35/62) were nulliparous followed by
next common 19.4% (12/62) were primiparous. (Table 1)

According to BMI, most of them 45.2% (28/62) were
from overweight group in our study, followed by 22.5%
(14/62), 21.0% (13/62) and 11.3% (7/62) belonging to group
of normal, obese and morbidly obese respectively according
to our classification.18 The mean BMI of patients were
24.85±3.42 kg/m2. (Figure 1)

In our study, primary infertility was the most common
48.4% (30/62) complain/symptom, followed by 22.6%
(14/62), 17.7% (11/62) and 11.3% (7/62) belonging to
menstrual irregularities, secondary infertility and post-
menopausal bleeding per vagina respectively. (Table 2)

We had done the different screening investigations during
our study, out of them, ultrasonography showed only
4.8% (3/62) patients had tubo-ovarian mass i.e. suggestive
of genital TB. On laparoscopy, 29% (18/62) patients
showed suggestive features of genital TB and 19.4 %
(12/62) patients showed normal findings. During diagnostic
hysteroscopy, synechiae in uterine cavity was found in
14.5% (9/62) patients. (Table 3)

In our study, considering as gold standard, GeneXpert
assay was used to diagnose genital TB. Other tests i.e.
histopathology (HPE), AFB BACTEC culture and TB-
PCR were also used in our study for diagnosis of

genital TB to measure validity of the tests. For HPE,
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy were
measured as 30.77%, 97.96%, 80%, 84.21% and 83.87%
respectively. For measuring validity of AFB BACTEC
Culture to diagnose genital TB, sensitivity was 46.15%,
specificity 95.92%, PPV 75%, NPV 87.04% and accuracy
85.48%. The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy for
TB-PCR were 23.07%, 75.51%, 20%, 78.72% and 64.52%
respectively.(Table 4)

The diagnostic reliability of histopathology (HPE), AFB
BACTEC Culture and TB-PCR for detecting genital TB
was measured by Cohen’s kappa after comparing with
GeneXpert assay. For HPE, Cohen’s kappa came out to be
0.37 (95%, CI 0.08 to 0.66), which indicates fair agreement.
Between the two methods, i.e. AFB BACTEC Culture
compared with GeneXpert assay had showed moderate
agreements as evident from kappa value 0.489 (95%, CI
0.20 to 0.77). There was no agreement evident in between
the TB-PCR and geneXpert assay as value of Cohen’s kappa
was -0.013 (95% CI -0.25 to 0.23).(Table 4)

Fig. 1: Distribution of BMI of the patients according to WHO

4. Discussion

Most of the time, FGTB is a silent disease and India is
in an endemic zone of the disease. Common gynaecologic
conditions can be diagnosed as genital TB in high degree
of suspicions. The GeneXpert assay is a new diagnostic
technique to diagnose FGTB. There were several studies
conducted for that purpose in recent times to document its
usefulness, but there is paucity of data as very few study had
compared the efficacy of the tests with all four diagnostic
tests i.e. histopathology (HPE), AFB BACTEC Culture and
TB-PCR.

In our study, most of the women i.e. 33.9% were from
each age group of 21-30 years and 31-40 years’ i.e. within
reproductive age groups and mean age of 34.79±10.38
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Table 1: Distribution of age and parity of the patients.

Age group (in years) Number Percentage (%)
<21 4 6.5 Mean ± SD: 34.79±10.38
21-30 21 33.9
31-40 21 33.9 Median: 33
41-50 12 19.4

Range: 19-62>50 4 6.5
Total 62 100.0
Parity of patients
0 35 56.4 Mean ± SD: 1.85±0.91
1 12 19.4
2 8 12.9 Median: 2
3 6 9.6 Range: 1-4
4 1 1.7
Total 62 100.0

Table 2: Distribution of symptomatic presentation of the patients

Complain/Symptoms at presentation Number Percentage (%)
Primary Infertility 30 48.4
Secondary Infertility 11 17.7
Menstrual irregularities 14 22.6
Post-Menopausal Bleeding Per vagina 7 11.3
Total 62 100.0

Table 3: Ultrasonography (USG), Laparoscopy and hysteroscopy findings suggestive for genital TB and along with incidental findings.

Different Investigations Findings Number Percentage (%)

USG findings of lower
abdomen

Presence of Tubo-ovarian
mass

3 4.8

PCOD 23 37.1
Suggestive features of
endometriosis

6 9.7

Normal findings 24 38.7
Thickened ET 6 9.7
Total 62 100.0

Laparoscopy findings

Suggestive of genital TB 18 29.0
PCOD 24 38.7
Endometriosis 8 12.9
Normal findings 12 19.4
Total 62 100.0

Hysteroscopy findings

Normal uterine cavity 41 66.1
Synechiae in uterine cavity 9 14.5
Presence of fibroid or
endometrial polyp

10 16.1

Polypoidal endometrium 2 3.3
Total 62 100.0

among study participants.

Similar result was found by Namavar et al19 where the
mean age of the patients were 30.4 years. A study by Patel at
al20 observed the highest incidence of FGTB between 21-30
years of ages. A retrospective study conducted by JL Potter
& group21 reported mean age of patients as 37.9±14.3 and
Mondal22 found age range of the patients between 17 to 45
years with a mean of 26.3.

In our study, most of the patients 56.4% were nulliparous
and 19.4% primiparous. Almost similar finding of 45%
patients nulliparous and 27.5% were primiparous seen in the
study of Kanti et al.17

Nearly half of the patients 48.4% were suffering
from primary infertility and 17.7% were from secondary
infertility. Menstrual complain in the form of menstrual
irregularities 22.6% and post-menopausal bleeding 11.3%
were present in considerable number of patients.
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The study findings were almost similar with Deshai RM
et al23 where 48% women had primary infertility and 12%
had secondary infertility. Farhana et al24 had shown that
infertility was the most common presenting complaint in
59.77% of patients including primary and secondary types,
that was slightly lower than our study findings.

The laparoscopic findings, suggestive of genital TB were
29% in our study. Similar result was found by P. Kumar et
al25 where laparoscopy was positive in 29.11 % patients.
In another study, Thangappah et al26 reported laparoscopic
evidence of tuberculosis in 59.7% of patients and Mala et
al27 reported laparoscopic visualization alone was able to
detect 86.6% cases which were much higher than our study
findings.

In our study, hysteroscopy finding of synechiae in
uterine cavity, was present in 14.5% patients suggestive
of tuberculosis. The study by P Kumar et al25 reported
hysteroscopy evidence of tuberculosis in 48.73% cases.
In another study, Deshai RM et al23 found 52% infertile
women who underwent diagnostic hysteroscopy and
laparoscopy as a part of evaluation for infertility were
diagnosed to have genital TB which were higher than our
study.

In our study, considering the substantial differences
of different tests to diagnose genital TB, we mostly
concentrated on sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and accuracy.
When histopathology findings in our study were analysed,
8.1% samples were positive for endometrial tuberculosis
which was comparable with study of Thangappah et
al26 where 6.9% endometrial samples were positive for
tuberculosis by histology.

In the present study, diagnostic accuracy of
histopathology was 83.87% with sensitivity of 30.77%,
specificity 97.96%, positive predictive value 80.00% and
negative predictive value of 84.21% where Thangappah et
al26 found lower Sensitivity 10.7% on histopathology as
against our study.

The results of our study as well other studies confirm the
fact that histopathology (HPE) is a test with low sensitivity
but very high specificity. The inherent limitation of HPE is
that the diagnosis is not specific for TB as it can be present
in the variety of other chronic inflammatory conditions.

In our study BACTEC culture was positive for TB in
12.9% patients, similar finding was reported by P. Kumar
et al,25 Bharti Malhotra et al28 and Goel et al.29 In Bhanu
et al,30 study culture was positive in 3.2% and in study of
Monika et al31 culture was positive in 1.59% which were
lower than our study. In another study, Jindal & group32

culture was positive in 46.7% and by Saxena at al33 22%
was found positive for TB by culture which are higher than
our study.

In this study the diagnostic accuracy of BACTEC culture
to diagnose genital TB was 85.48% with Sensitivity of
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46.15%, specificity of 95.92%, positive predictive value of
75.00%, negative predictive value as 87.04%. Radhika et
al34 also found that BACTEC had a sensitivity of 40% with
a specificity of 90% comparable to our study.

In the present study, TB-PCR was positive in 24.2%
patients. Similar result was found in Bharti Malhotra et
al28 where TB-PCR was positive in 23.78% and in study
of Goel et al29 TB-PCR was positive in 22.2%. In two
separate study, Monika et al31 and Indu Goutam & group35

were found positive in 3.6% and 10 % of cases respectively
for TB-PCR which were lower than those in our study. In
a study PCR was found positive result in 38.5% samples
whereas Gunjan Sribastava et al36 found 86% samples
positive by PCR. Another study by Thangappah et al26

reported PCR positive in 36.7% of patients and Bhanu et
al30 demonstrated PCR was positive in 56.0% patients,
which were higher than our study.

In a systematic review and meta-analysis by Carlos
Altez-Fernandez37 identified and giving information on
PCR and GeneXpert MTB/RIF tests. All PCR studies were
“in-house” tests, with different gene targets and had several
quality concerns therefore did not proceed with a pooled
analysis. GeneXpert studies were of good quality and not
heterogeneous, pooled sensitivity was 0·87 (0·66–0·96) and
specificity was 0·91 (0·84–0·95). PCR studies were highly
heterogeneous. Among geneXpert assay, specificity was
favorable with an acceptable confidence interval. Gunjan
Shrivastava et al,36 concluded that PCR was not reliable for
TB due to false positive or negative result.

For detecting genital TB in our study by TB PCR
test, sensitivity were 23.07%, specificity 75.51%, positive
predictive value20%, negative predictive value 78.72% and
accuracy 64.52%. Study by Thangappah et al26 reported
sensitivity of PCR was 57.15% and by Radhika et al34

showed a sensitivity and specificity for TB PCR test were
62.5% and 54% respectively which were higher than those
found in our study.

Out of 62 samples, 66.12% (41/62) were positive by the
combination of all methods used, but only 4.8% (3/62) were
positive by all four methods used. Therefore, only single test
is not enough for diagnosis of FGTB.29

There were certain limitations in our study, such as small
sample size (i.e. 62 patients), thus larger sample size is
required to get greater impact from the study. Due to the
secondary nature of genital TB, organisms may be meagre
or scarce in endometrium and may vary with menstrual
cycles, so sampled endometrium did not represent infections
always or infection may be located in fallopian tubes.
Observer bias also can be there as histopathological reports
of different observers were used for data collection. So,
to conclude, although there were certain limitations but
our study establishes usefulness of histopathology, AFB
BACTEC culture and TB-PCR in comparison to GeneXpert
for diagnosis of genital TB.

5. Conclusion

Our study showed sensitivity and specificity of different
tests i.e. AFB BACTEC culture, molecular assay (TB-PCR)
and histopathology had comparable efficacy to GeneXpert
test for genital TB diagnosis. The GeneXpert test was
very useful specially in low resource areas in where more
chances of dropouts would occur if more time consuming
tests are adopted. Results of all the four tests were not being
positive in considerable number of patients, so multiple tests
are required to be adopted to detect genital TB, otherwise
some patients can be missed. Larger case control study
needed to draw correlation of findings of laparoscopic and
hysteroscopy with positivity of genital TB from endometrial
tissue to establish more meaningful inference of clinical
findings.
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