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ABSTRACT

Background: Diagnosis of extrapulmonary tuberculosis is often challenging due to the lack of a gold standard test. Cartridge
based nucleic acid amplification testing (CBNAAT) has been advocated for rapid diagnosis of extra-pulmonary tuberculosis and
to identify rifampicin resistance.

S Mukherjee?, D Biswas? S Begum?, P Ghosh*, A Pal?, S Sarkar®

Objective: To evaluate the diagnostic yield of Cartridge Based Nucleic Acid Amplification Testing (CBNAAT) in different forms of
extrapulmonary tuberculosis and to compare its efficacy between different forms of EPTB.

Methods: This is hospital-based prospective observational study conducted in the outpatient and indoor Respiratory Medi-
cine department. All adult patients of EPTB were recruited for the study and CBNAAT was performed from appropriate clinical
specimens in all of them. Results were analyzed in light of the diagnostic yield of CBNAAT with special emphasis on comparing
CBNAAT results between different groups of EPTB.

Results: Out of 502 cases of EPTB, CBNAAT was positive in 138 (27.5%) patients. The mean age of the study population was
36.49+14.05 years with 61.1% males. Tubercular meningitis (p-0.023) and tubercular empyema (0.04) were more prevalent in
the under 30 years age group compared to other forms of EPTB. Sensitivity of CBNAAT was good for paravertebral abscess,
tubercular empyema, tubercular meningitis, cold abscess and tubercular lymphadenitis, but sensitivity was very low in tuber-
cular pleural effusion and ascites. CBNAAT was significantly more positive in samples containing pus (70 out of 81, 86.41%;
p-<0.0001). Rifampicin resistance was detected in 14 cases, of which four also showed isoniazid resistance on Line Probe Assay

Conclusion: CBNAAT adds significantly to the diagnostic yield of EPTB in comparison to conventional methods, but its sensitiv-
ity varies in different forms of extrapulmonary tuberculosis. It has the additional advantage of identifying rifampicin resistance
with high sensitivity and specificity.

Key Words: Extrapulmonary tuberculosis, Nucleic acid amplification test, Pus, Rifampicin resistance, Multi-drug resistant
tuberculosis

INTRODUCTION time-consuming. Demonstration of a caseating granuloma
on biopsy specimens is not always confirmatory but the fa-

Extrapulmonary tubercqlosis (EPTB) accounts for gbout cility of histopathology with mycobacterial culture from the
one-fourth of tuberculosis (TB) cases worldwide and in In- biopsy tissue sample is not always available.*® Moreover,

dia, it accounts for about 15%-20% of the total tuberculosis mycobacterial culture is time-consuming and is costly, t0o.”*
cgses.” Diagnosis of EPTB is oftc.an challenging because the  CBNAAT is a completely automated test that utilizes princi-
yield of smear and/or mycobacterial culture is often low and ples of nested polymerase chain reaction (PCR)and can iden-
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tify genes specific for Mycobacterium tuberculosis. It detects
rifampicin resistance as well and the result is obtained very
quickly, World Health organisation has endorsed the use of
CBNAAT as a rapid molecular diagnostic test.”! There has
been a paucity of data from eastern India regarding the role
of CBNAAT in the diagnosis of EPTB cases post-imple-
mentation of CBNAAT as a rapid diagnostic test in RNTCP.
In this background, the study was conducted to evaluate the
diagnostic role of CBNAATin in different forms of EPTB.

MATERIAL AND METHODS

A prospective, observational and analytical study of all adult
cases (above 12 years of age) of EPTB, attending outpatients
department or admitted in the Respiratory Medicine and
other departments of a tertiary care Hospital in Kolkata was
undertaken throughout one and half year (July 2017-Decem-
ber 2018) (IECNo:CMSDH/IEC/78/04-2017)

Case definition**

Microbiologically confirmed Extra-Pulmonary tuberculosis
(EPTB): refers to a presumptive EPTB with nonrespiratory
clinical sample positive for acid-fast bacilli (AFB) by Ziehl-
Neelsen (Z-N) stain or positive for Mycobacterium tubercu-
losis on culture, or positive for tuberculosis through a quali-
ty-assured rapid molecular diagnostic test.

Clinically/histologically diagnosed EPTB case
A patient diagnosed as EPTB on clinical, radiological and/or
cytopathology /histopathology evidence of caseating epithe-
lioid granuloma with giant cells consistent with tuberculosis
in absence of a microbiological confirmation. Written in-
formed consent was obtained. Institutional ethics committee
approval was taken (IEC No.- (CMSDH/IEC/78/04-2017).

Inclusion criteria

All cases of microbiologically confirmed or clinically or his-
tologically diagnosed EPTB cases attending outpatients de-
partment or admitted in different indoor departments of the
teaching hospital during the study period

Exclusion criteria
Patients with age less than 12 years and patients not giving
consent for the study were excluded from the study.

Study protocol

All patients satisfying the case definition and inclusion crite-
ria were considered for subsequent investigation and analy-
sis. Patients were evaluated with history and clinical exami-
nation and organ-specific sample were sent for CBNAAT as
per Revised National Tuberculosis Control Program (RN-
TCP) protocol for Mycobacterium tuberculosis (Cepheid,
GX-1V Processing Unit: 11.00” w x 12.00” h x 11.70” d,

GXIV-4-D).>!12 The second falcon tube was sent for Line
Probe Assay (LPA) for first-line and second-line baseline
drug sensitivity testing (FL-LPA and SL-LPA) to the inter-
mediate reference laboratory (IRL) if Rifampicin resistance
detected. Clinical specimens were also sent for smear mi-
croscopy for AFB by Z-N stain. Clinical samples were tested
for mycobacterial culture (BACTEC), cytopathology, histo-
pathology, cytology, biochemical estimations, estimation of
adenosine deaminase (ADA) in relevant cases. Sputum for
AFB smear and chest X-ray posteroanterior (PA) view was
done in all patients. Computed Tomography (CECT) scan of
thorax with contrast, ultrasonography (USG) of the abdo-
men, magnetic resonance imaging (MRI) of brain and spine
were done additionally in respective cases of EPTB. Blood
was sent for testing for HIV infection at the integrated coun-
selling and testing centre (ICTC) of our hospital. Relevant
haematological investigations like fasting blood sugar, com-
plete hemogram, urea, creatinine and baseline liver function
test were also done in all patients.

A composite reference system (CRS) [ comprising of posi-
tive AFB smear and/or positive mycobacterial culture and/or
positive cytopathology/histopathology demonstrating case-
ating epithelioid granuloma with giant cells, and/or positive
radiological findings, and/or positive cellular and biochemi-
cal parameters (lymphocytosis and raised ADA ), and/or
clinical diagnosis of EPTB with response to treatment with
antitubercular drugs] was considered as the gold standard
for diagnosis of EPTB in this study and performance of CB-
NAAT was compared with the CRS.

Statistical analysis

SPSS version 20.0 (SPSS inc. Chicago, IL) was used for sta-
tistical analysis. Categorical data were expressed in terms of
percentages and mean+standard deviation (mean+SD) was
used for analyzing continuous variables. Fisher’s exact test
and Chi-Square test were used for calculation of P-value and
P value of less than 0.05 was considered to be of significance
for this study.

RESULTS

Distribution of Extra-pulmonary TB cases

A total of 502 cases of EPTB were recruited during the study
period. Out of this 502 cases, 284 were tubercular pleural ef-
fusion, ten were tubercular empyema, 26 cases were tubercu-
lar ascites, 114 cases were tubercular lymphadenopathy, 51
cases were tubercular cold abscess, eleven cases were caries
spine with paravertebral abscess, four cases were tubercu-
lar meningitis and two cases were endometrial tuberculosis.
Twenty-five cases (4.98%) had a previous history of anti-tu-
bercular drug intake for more than one month. Seventy-three
(14.5%) patients were referred from private practitioners.
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Demographic profile

The mean age of EPTB patients in the study population was
36.49 £14.05 years (mean+SD) with male predominance
(61.1%, 306 of 502). There was no significant difference in
age distribution between male and female EPTB patients but
tubercular meningitis (p-0.023) and tubercular empyema (p-
0.04) affected the younger population more compared to oth-
er subgroups of EPTB. Disseminated tuberculosis was found
in five cases and was significantly more associated with TB
meningitis (p-0.003). Diabetes mellitus was detected in 36
patients (7.17%) and human immunodeficiency virus (HIV)
co-infection was found in ten cases (1.99%).

The pleural fluid AFB smear had a yield of 4.8% (12 out of
294) (tubercular effusion 5 out of 284; Tubercular empyema
7 out of 10). Sputum for AFB smear was positive in four
out of ten (40%) empyema cases. Pleural fluid ADA level
was more than 70 unit in 129 out of 284 patients (47.4%).
Caseating granuloma was detected in 18 out of 35 pleural
biopsy specimens (51%). Lymph node FNAC showed AFB
smear positivity in 28 out of 114 cases (24.6%), and five out
of eleven (45.5%) cases of cold abscess aspirate.

CBNAAT

Overall, CBNAAT was positive in 138 patients out of 502
patients (27.5%). CBNAAT result showed very high yield
in caries spine (10 out of 11; 90.9%), tubercular empyema
(9 out of 10; 90%), TB meningitis (3 out of 4; 75%) and
tubercular cold abscess (36 out of 51; 74.5%); the moder-
ate yield was seen in tubercular lymphadenopathy (60 out
of 114; 52.6%) and endometrial tuberculosis (50%); but in
case of tubercular pleural effusion (6.3%) and ascites (3.8%)
yield of CBNAAT was very low. On comparing the rate of
CBNAAT positivity among different organ-specific samples,
the yield was very highly positive in samples containing pus
(p-<0.0001) [Table 1]. Sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV) and
negative likelihood ratio of CBNAAT for pus samples were
86.4% (95% CI-69.28%-96.24%), 100% (95% CI- 92.89%-
100%),100%, 92.59% (95% CI- 83.39%-96.89% ) and 0.13
(95% CI1-0.05-0.33), when compared to CRS.

The use of CBNAAT improved the chances of microbiologi-
cally confirmed EPTB diagnosis in 82 out 502 (16.3%) cases
when compared to smear positivity only [Table 2]. When
CBNAAT result was compared to a CRS as the gold stand-
ard, its sensitivity and specificity varied among different
EPTB subgroups- sensitivity was found very high for caries
spine (90.91%), TB empyema (90%), TB meningitis (75%),
and cold abscess (70.59%%); whereas it was very low for
tubercular pleural effusion (6.14%) and ascites(3.85%%)
[Table 3].

Rifampicin resistance (RR) was detected in 14 cases of
EPTB (2.79%), of these seven cases of RR-TB was found in

TB lymphadenopathy, five RR-TB was found among cases
of tubercular pleural effusion and two cases of tubercular
cold abscess were RR-TB. Five of these 14 (35.71%) RR-TB
cases were patients of initial drug-resistant TB. Sputum for
CBNAAT also showed rifampicin resistance in two patients
of pleural effusion with RR-TB. On-Line probe assay (LPA)
resistance to isoniazid was also documented in four of these
14 (28.57%) RR-TB patients but second-line LPA (SL LPA)
did not show any additional drug resistance.

DISCUSSION

India accounts for around one-fourth of the global tubercu-
losis cases.!®!1* Confirmation of diagnosis of EPTB often
poses challenges to clinicians as microbiological confirma-
tion of disease due to paucibacillary nature of the disease.*
The yield of biopsy and histopathological confirmation of
diagnosis varies widely ranging from 50%-97% depending
on the technical skill and accessibility.'>*"* WHO has recom-
mended CBNAAT as a rapid diagnostic test for diagnosis
of tuberculosis especially drug-resistant tuberculosis, pae-
diatric tuberculosis, TB-HIV co-infection, extrapulmonary
tuberculosis and sputum smear-negative PTB.”!' Moreover
it gives result within two hours and can identify rifampicin
resistance at the same time.”'*'?

Tubercular pleural effusion was the commonest form of EPTB
in this study, being found in 58.17% of cases, followed by tu-
bercular lymphadenopathy (22.71%). In this study, the mean
age of EPTB patients was 36.49 £14.05 years (mean£SD).
Tubercular meningitis and tubercular empyema occurred in
the younger age group with a mean age of 20.33+8.08 years
and 27.4+10.18 years respectively, which was quite similar
to observations by Kundu et al (mean age-32.7 years)!'*! and
Acharya P et al. (commonest age group-20-40 years).!'

The overall sensitivity of CBNAAT was low (27.5%) in this
study compared to most of the published studies in the litera-
ture but its sensitivity varied greatly among different forms of
EPTB. Tortoli et al.,'” Vadwai et al.,* Lighthelm et al.,'"® and
Causse et al. ' have shown a high sensitivity of CBNAAT of
81.3% (95% CI1-76.2-85.8), 80.6% (CI-75.5-85.0), 96.6%
(CI-86.6—100) and 95.1 (83.5-99.4)respectively in their stud-
ies. Two of the four studies used a composite reference stand-
ard as the gold standard, while the other two (Causse et al.
and Lighthelm et al.) adapted culture as the gold standard.
On the other hand, Friedrich et al.?® and Moure et al.?' have
described much lower sensitivities of 25% (CI-8.7-49.1) and
58.3% (CI-48.5-67.8) respectively in their studies. Specific-
ity was very high in all of the studies, ranging from 88.9%
to 100% and this was in line with the 100% specificity of
CBNAAT in our study.!”?! Overall sensitivity of CBNAAT
in EPTB depends on several factors like the relative pro-
portion of different types of EPTB, sample selection, diag-
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nostic criteria, selection of diagnostic gold standard, sample
processing, etc. The reference standard for calculating the
sensitivity of CBNAAT was different for different studies
and this can explain the variation in sensitivity among dif-
ferent studies. However, formulation of composite reference
standard comprising of multiple parameters as the diagnos-
tic gold standard for comparison of CBNAAT performance
is better as because, in isolation, neither mycobacterial cul-
ture nor histopathology can be taken as the gold standard for
diagnosis of EPTB. Hence, comparing CBNAAT sensitivity
against culture or histopathology alone as the gold standard
may overestimate pooled sensitivity of CBNAAT. It has been
shown that pooled sensitivity of CBNAAT become lower
when a composite reference standard has taken as the gold
standard in comparison to mycobacterial culture as the gold
standard.?>? In our study, 61.75% (310 out of 502) of cases
were cases of tubercular pleural effusion and ascites, where
pooled sensitivity of CBNAAT is very low in the published
literature®?, on the other hand, a study by Tortoli et al.'” had
only 24% pleural effusion cases in their study population,
Causse et al.'” had only 19.4% of samples containing pleural
or other body fluids, and Lighthelm LJ et al.'® only looked at
lymph node samples. Moreover, a composite reference stand-
ard was taken as the gold standard for diagnosis of tuberculo-
sis in this study population, in contrast to culture being taken
as the gold standard by several studies.!®!° We also could not
include lymph node and other tissue biopsy samples in our
study due to lack of histology sample processing facility in
our CBNAAT site These factors were probably responsible
for low overall sensitivity of CBNAAT in EPTB in this study
in comparison to most other studies.

Analysis of the performance of CBNAAT for individual
forms of EPTB in this study revealed that CBNAAT sensitiv-
ity was very high in caries spine (90.91%), tubercular empy-
ema (90%), and cold abscess (70.59%); in tubercular lymph-
adenopathy (52.63%) and endometrial tuberculosis (50%)
CBNAAT was moderately sensitive; but, on the other hand,
sensitivity of CBNAAT was very low for tubercular pleural
effusion (6.14%) and tubercular ascites (3.85%). There was
a striking difference in CBNAAT sensitivity between tuber-
cular empyema and tubercular pleural effusion (90% versus
6.14%). This may be explained by the difference in patho-
genesis between tubercular empyema and tubercular pleural
effusion, while the former has a high bacillary load, the latter
entity is paucibacillary.’** CBNAAT was found to be highly
sensitive on specimens containing pus (70 out of 81; sensi-
tivity 86.4%, specificity 100%). This finding has been sup-
ported by the study of Tortoli et al.'’, who have also found
a sensitivity of more than 85% in purulent samples. Pooled
sensitivity and specificity of CBNAAT for different forms of
EPTB by different studies have been shown in Table 4, and
it shows that results of CBNAAT sensitivity for individual
forms of EPTB in this study were following the literature

published. '”2? Very low yields of CBNAAT in pleural fluid
and ascitic fluid in our study have also been supported by the
study of Pravin KN et al.? who have demonstrated CBNAAT
positivity in 10% and 9.3% respectively from pleural fluid
and peritoneal fluid in their study. The results vary widely
depending on the reference standard adapted for analysis.
The pooled sensitivity of CBNAAT in pleural fluid was also
found to be low (21.4%; 95% CI 8.8 — 33.9) in a meta-anal-
ysis report.? Due to the very low sensitivity of CBNAAT in
pleural effusion, the Index TB guideline for EPTB has rec-
ommended against routine use of CBNAAT in the diagnosis
of tubercular pleural effusion.’

In this study, the use of CBNAAT had prompted an increase
in the diagnosis of microbiologically confirmed EPTB by
15.94% in comparison to AFB smear microscopy. The result
was more marked in the case of tubercular meningitis (75%),
tubercular cold abscess (49.09%), caries spine with paraver-
tebral abscess (45.45%), endometrial tuberculosis (50%),
tubercular lymphadenopathy (28.07%), tubercular empyema
(20%) -in all these forms of EPTB, confirmation of a micro-
biological diagnosis is difficult in most cases.*®

Rifampicin resistance was detected in 14 cases of EPTB
(2.9%) in this study. In a study by Tadesse M et al from
Ethiopia, it has also been shown that sensitivity and speci-
ficity of CBNAAT were 87.8% (95% CI: 81.0-94.5) and
91.1% (95% CI: 82.8-99.4) respectively against a CRS in
fine-needle aspiration (FNA) samples from presumptive tu-
bercular lymphadenopathy cases, and rifampicin resistance
was noted in four cases (4.7%). ?’ In our study, rifampicin
resistance was seen in 6.14% cases of tubercular lymphad-
enopathy, in 1.70% cases of tubercular pleural effusion and
3.9% cases of the tubercular cold abscess. Other studies have
also demonstrated similar evidence of rifampicin resistance
by CBNAAT in cases of EPTB.*!"2!% These findings have
put a question mark over the common notion that EPTB is
mostly paucibacillary and the possibility of drug resistance
is extremely rare in EPTB.

The limitation of the study was that we did not compare CB-
NAAT with mycobacterial culture and histopathology as my-
cobacterial culture and histopathology were not done in all
cases of EPTB in this study. This study could not compare
the yield of CBNAAT between HIV seropositive and seron-
egative patients. Future studies in this direction are needed.

CONCLUSION

Sensitivity of CBNAAT varied among different forms of
EPTB. CBNAAT was moderate to highly sensitive in para-
vertebral abscess, cold abscess, lymph node TB, TB men-
ingitis and endometrial tuberculosis and is recommended
strongly for diagnosis of these forms of EPTB. The diagnos-
tic role of CBNAAT is unclear in cases of tubercular pleural
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effusion and ascites due to very low sensitivity. Hence rou-
tine use of CBNAAT in the diagnosis of tubercular pleural
effusion and ascites is not beneficial and cost-effective espe-
cially in resource-limited countries like India and other third
world countries with a high tuberculosis burden. Keeping
in mind its rapidity in diagnosis as well as identification of
rifampicin resistance, CBNAAT should routinely be tested
in all forms of EPTB except tubercular pleural effusion and
ascites especially in developing nations with a high burden
of tuberculosis like India.
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Table 1: Result of CBNAAT in samples containing pus versus no pus:

Samples containing pus Samples containing no pus

(n=81) (n=421)
CBNAAT Positive 70 68
CBNAAT negative 1 353

P value <o0.0001

Table 2: Comparison of smear microscopy versus CBNAAT in different EPTB:

TB Pleural TBempyema TBlymph TBascites Cold TBspine TBmenin- Endometrial

effusion (n=10) node (n=26) Abscess (n=m) gitis TB

(n=284) (n=114) (n=51) (n=4) (n=2)
CBNAAT Positive 18 9 60 1 36 10 3 1
Smear microscopy 5 7 28 o 1 5 o o
positive

Table 3: Diagnostic sensitivity and specificity of CBNAAT in EPTB in comparison to CRS

Sensitivity (95% Specificity NPV Negative likelihood
CI) (95% CI) (95% CI) ratio
(95% CI)
TB pleural effusion 6.14% 100% 100% 6.02% 0.93
(n=284) (4.14-10.58) (92.89-100) (5.84-6.20) (0.90-0.96)
TB empyema 90% 100% 100% 98.04% 0.10
(n=10) (55.50-99.75) (92.89-100) (88.62-99.69) (0.02-0.64)
TB lymph node 52.63% 100% 100% 15.63% 0.47
(n=114) (43.06-62.06) (69.15-100) (13.24-18.35) (0.39-0.57)
Cold 70.59% 100% 100% 40 0.29
(69.15-100) (30.35-50.49) (0.19-0.45)
Abscess
(n=51) (56.17-82.51)
Caries 90.91% 100% 100% 90.91% 0.09
(69.15-100) (60.68-98.48) (0.01-0.59)
Spine
(n=n) (58.72-99.77)
TB meningitis 75% 100% 100% 83.33 0.25
(n=4) (19.41-99.37) (69.15-100) (47.80-96.47) (0.05-1.36)
Endometrial TB 50% 100% 100% 90.91% 0.5
(n=2) 1.26-98.74) (71.44-97.56) (0.13-2.00)
TB ascites 3.85% 100% 100% 28.57% 0.96
(n=26) (0.10-19.64) (69.15-100) (27.03-30.17) (0.89-1.04)

Table 4: Pooled sensitivity and specificity of CBNAAT in different EPTB-results of other studies [17, 20]

Type of EPTB No. of studies included  Pooled sensitivity of CBNAAT Pooled specificity of CBNAAT
in meta-analysis % (95%CI) %(95%CI)

Culture as CRS as gold Culture as CRS as gold
gold standard standard gold standard standard

TB lymphadenopathy 13 (vs culture) 83.1% 81.2% 93.6% 99.1%
5 (vs CRS)

TB pleural effusion 14 (vs culture) 46.4% 21.4% 99.1% 100%
6 (vs CRS)

TB meningitis 13 (vs culture) 80.5% 62.8% 97.8% 98.8%
5 (vs CRS)

Pus containing samples (no. 1 (vs culture) 87.3% 85.1% 100% 94.6%

of samples-195) 1 (vs CRS)
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