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ABSTRACT

Objectives: Newer diagnostic techniques like cartridge-based nucleic acid amplification techniques (CB NAAT) need to be evaluated for extrapulmo-
nary tuberculosis (EPTB), as being a paucibacillary condition, it is often underdiagnosed with conventional methods. We conducted this study to assess
the utility of CB NAAT (GeneXpert MTB/RIF assay) in rapid diagnosis of extrapulmonary tuberculosis.

Material and Methods: Liver disease patients admitted from June 2019 to June 2020 were investigated for EPTB based on clinical and radiological sus-
picion. EPTB was diagnosed based on one of the following: (i) histological evidence of caseating granulomas; (ii) smear positivity for acid-fast bacilli;
(iii) CB NAAT (GeneXpert MTB/RIF assay, Cepheid, USA).

Results: A total of 290 EPTB specimens received in the laboratory were included. The extrapulmonary samples that were received included body fluids
(n = 143) which included pleural fluid, ascitic fluid, drain fluids, and pus aspirates, followed by biopsies (n = 82), lymph nodes (n = 43), urine (n = 19),
and CSF (n = 3). GeneXpert MTB/RIF assay was positive in 10.3% (n = 30) samples, whereas negative in 89.7% (n = 260) samples. The overall sensitivity
of GeneXpert MTB/RIF assay was 61.36% (95% CI 46.62%-74.28%), specificity 89.29% (95% CI 72.8%-96.29%), positive predictive value (PPV) 90%
(95% CI 74.38%-96.54%), and negative predictive value (NPV) 59.52% (95% CI 44.49%-72.96%).

Conclusion: The GeneXpert MTB/RIF assay is a valuable tool for extrapulmonary tuberculosis. In addition to other tests like smear, culture GeneXpert
MTB/RIF assay helps in the confirmation of diagnosis. Rapid diagnosis of tuberculosis with overall good sensitivity and specificity makes it a beneficial
test.
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INTRODUCTION

Diagnosing extrapulmonary tuberculosis (EPTB), an entity
distinct from pulmonary TB is a challenge. EPTB has a high
burden comprising 1/5th of all TB cases, which consists of
15%-20% of all TB cases in HIV negative patients, and
40%-50% of new TB cases which are HIV positive.! A wide
spectrum of disease with commonly involved sites, which

techniques, nucleic acid amplification techniques (NAATSs)
play a definitive role in diagnosis of TB.? Literature states the
use of cartridge-based nucleic acid amplification techniques
(CB NAAT) (GeneXpert MTB/RIF assay, Cepheid, USA)
in the diagnosis of pulmonary tuberculosis, but there is
lesser documentation of its use in EPTB.* As compared to
smear microscopy and culture, GeneXpert Mycobacterium
tuberculosis complex/resistance to Rifampin (MTB/RIF)
assay has a low detection limit of 131 CFU/mL, making
it beneficial for conditions like paucibacillary EPTB.” In a
previous study from our center, the prevalence of EPTB was

include lymph node, urogenital tract, central nervous system,
bone and joints, gastrointestinal tract, and cardiovascular
system.? Being a paucibacillary condition there needs to be a

strong diagnostic armamentarium. While most studies have
been performed on respiratory samples, we lack literature
on extrapulmonary samples. With the advent of recent

found to be 15.65% among liver disease patients.® Thus with
this in mind, the study was conducted to assess the role of
GeneXpert MTB/RIF assay as a rapid diagnostic tool in EPTB.
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MATERIAL AND METHODS

Statement of Institutional Review Board Approval

Research of the following retrospective study has been
approved and recommended by the Institutional Ethics
Committee (IEC/2020/56/MAO5).

Study population

A total of 290 consecutive patients admitted to our tertiary care
center for hepatobiliary disease from June 2019 to June 2020 were
investigated. A retrospective analysis of extrapulmonary samples
of suspected EPTB patients was done. Patients were investigated
for EPTB based on clinical and radiological suspicion.
Extrapulmonary samples included lymph node samples, tissue
biopsy, urine, Cerebrospinal fluid (CSF), and body fluids such as
ascitic fluid, pleural fluid, pus, and drain fluids.

Processing of samples

Samples were processed and subjected to Ziehl-Neelsen (ZN)
staining and molecular assay CB NAAT (GeneXpert MTB/RIF
assay, Cepheid, USA). Simultaneously samples were sent for
cytologic analysis and histopathology. EPTB was diagnosed
based on one of the following: (i) histological evidence of
caseating granulomas; (ii) smear positivity for acid-fast bacilli;
(iii) CB NAAT (GeneXpert MTB/RIF assay, Cepheid, USA).

Statistical data analyses were performed using SPSS Statistics
19 (SPSS Inc., Chicago, IL, USA). The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) of GeneXpert MTB/RIF assay were calculated using
histopathology and response to therapy as the gold standard.

RESULTS

Based on clinical suspicion, patients were sent for radiological
examination and patient samples for histopathological,
cytological, and microbiological examination. A total of
290 EPTB specimens received in the laboratory within the
one year as categorized in Table 1 were included. Analyses
were done on a per-sample basis and not on a per-patient

Tablel: Description of routine EPTB specimens received and
tested using GeneXpert MTB/RIF assay.

Specimen type Samples received in
laboratory, n (%)

Body fluids 143 (49.3%)

Biopsies 82 (28.3%)

43 (14.8%)
19 (6.6%)
CSF 3 (1%)

EPTB: Exptrapulmonary tuberculosis, MTB/RIF: Mycobacterium
tuberculosis complex/resistance to Rifampin, CSF: Cerebrospinal fluid

Fine-needle aspirates [lymph node]

Urine

Table 2: Results of radiological, histopathological, and

GeneXpert examination.

Examination TB Suggestive/ Not suggestive/
detected not detected

Radiology 64 (22.1%) 226 (77.9%)

Histopathology 32 (11%) 258 (89%)

GeneXpert 30 (10.3%) 260 (89.7%)

basis. Gender distribution included males (n = 206) and
females (n = 84). Table 2 shows the results of radiological and
histopathological examination along with GenXpert results.

Results of microbiological examination of samples mainly
included ZN staining and GeneXpert MTB/RIF assay. There
were few samples received for culture hence combined
histopathology and response to therapy were considered the
gold standard. GeneXpert MTB/RIF assay was positive in
10.3% (n = 30) samples, whereas negative in 89.7% (n = 260)
samples. Histopathology was suggestive of tubercular etiology
in 11% (N = 32) samples. Seventy two percent patients received
antituberculosis treatment (ATT) based on the results of
laboratory or radiological examination or clinical diagnosis
in case of negative reports. 44 (61.11%) patients responded to
therapy with clinical improvement. To evaluate the performance
of the GeneXpert test for lymph node samples we compared the
results by combining histopathology and response to therapy.
For body fluid samples, response to therapy was considered
the gold standard. Table 3 shows the GeneXpert MTB/RIF
assay-positive samples. The results were recorded according
to the critical threshold values which included very low, low,
medium, and high as described in Table 4.

Table 3: Results of GeneXpert MTB/RIF assay positive samples.

Samples GeneXpert MTB/RIF assay Positive
Lymph node 15/43

Biopsy 2/82

Body fluids 13/143

Urine 0/19

CSF 0/3

MTB/RIF: Mycobacterium tuberculosis complex/resistance to Rifampin,
CSF: Cerebrospinal fluid

Table 4: Interpretation of GeneXpert MTB/RIF assay results.

GeneXpert MTB/RIF assay result %

Very Low 1.7%
Low 5.2%
Medium 2.8%
High 0.7%

MTB/RIF: Mycobacterium tuberculosis complex/resistance to Rifampin
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Table 5: Sensitivity, specificity, PPV, and NPV of GeneXpert MTB/RIF assay in EPTB samples.

Sample Sensitivity % | Specificity % | PPV % (95% CI) NPV%
(95% CI) (95% CI) (95% CI)
GeneXpert compared to histopathology and response to therapy 61.36 89.29 90 59.52
(46.62-74.28) | (72.8-96.29) (74.38-96.54) | (44.49-72.96)

tuberculosis complex/resistance to Rifampin.

EPTB: extrapulmonary tuberculosis, PPV: positive predictive value, NPV: negative predictive value, CI: confidence interval, MTB/RIF: Mycobacterium

In our study no rifampicin resistance was detected. Using
histopathology and response to therapy as the gold standard,
the sensitivity, specificity, PPV, and NPV for GeneXpert
MTB/RIF assay are given in Table 5.

DISCUSSION

Extrapulmonary TB (EPTB), a paucibacillary disease and
a more neglected diagnosis needs to be investigated with
as much concern as pulmonary TB. The causes responsible
for a difficult diagnosis of EPTB include a neglected clinical
suspicion, problems in sample collection, paucibacillary
condition, and lack of data on EPTB." Laboratory diagnostic
techniques such as microscopy and culture techniques have
less sensitivity. The scanty literature on the utility of GeneXpert
MTB/RIF assay for extrapulmonary samples makes this study
a very important one. Histopathological examination is the
gold standard for the diagnosis of EPTB from tissue samples,
however, the sampling is often difficult, laboratory set up, is
time consuming and needs expertise for diagnosis.” The study
was conducted in a hepatobiliary tertiary care center, which
even further makes the diagnosis important as liver cirrhosis
has been implicated as a risk factor for extrapulmonary TB.?
From our previous study, out of a total of 816 samples which
included 260 pulmonary and 556 extrapulmonary samples,
the positivity rate by Mycobacterial Growth Indicator Tube
culture (MGIT) or MTB qPCR (Cobas TagMan MTB assay)
included pulmonary 31/260 (11.92%) and extrapulmonary
87/556 (15.65%) samples.® Thus, at our institute, there is
a higher prevalence of EPTB, as opposed to pulmonary
TB mandating the need for the establishment of a proper
diagnostic protocol. The chances of recovery or detection of
organisms from the extrapulmonary samples are less because
of the lower load of bacilli present, as opposed to pulmonary
samples like sputum in pulmonary TB.” Also an invasive
sampling technique, lesser quantity of sample mounts
difficulties in diagnosis. The diagnostic techniques available
are smear microscopy (ZN staining), culture, GeneXpert
MTB/RIF assay, and histopathology.” The diagnostic
value of ZN staining is 0%-40%. In our previous study, in
extrapulmonary disease smear positivity (14.9%) was much
lower than the pulmonary disease (61.2%).° Mycobacterial
culture sensitivity varies from 30% to 80%, but because it is
a time-consuming method (2-6 weeks) it is not useful in the

initiation of an early therapy.® Thus it becomes important to
have a more rapid test for diagnosis.

Nucleic acid amplification techniques (NAATs) are a
substantial aid in the diagnosis. '' GeneXpert MTB/RIF
assay, a real-time PCR is a robust assay with a shortened
turnaround time (2 h) with a lower bacterial load (131
Colony forming unit/mL (CFU/mL)) required for detection.
An automated method wholly integrated with an individual
cartridge reduces the hands-on time and chances of cross-
over contamination.'? In various studies done, sensitivity of
GeneXpert MTB/RIF assay ranged from 25% to 95%, with
most of the studies exceeding 50%."* In our study, the overall
sensitivity of GeneXpert MTB/RIF assay was 61.36% (95% CI
46.62%-74.28%), specificity 89.29% (95% CI 72.8%-96.29%),
positive predictive value (PPV) 90% (95% CI 74.38%-
96.54%), and negative predictive value (NPV) 59.52% (95%
CI 44.49%-72.96%). The sensitivity is higher as compared
to other diagnostic modalities like ZN stain and radiology.
The recent Index TB guidelines for the diagnosis of EPTB
categorize its use in various presentations, including lymph
node TB, TB meningitis, abdominal TB, and TB pericarditis,
and showed a pooled sensitivity and specificity of 83.1% and
93.6%, respectively."* Thus along with cytology, smear, and
culture, GeneXpert MTB/RIF assay helps in confirmation of
the diagnosis of EPTB. Also being a rapid test in comparison
with other diagnostic modalities, a quicker diagnosis helps
in the early initiation of therapy. The guidelines state that
GeneXpert should not be used to diagnose pleural TB because
of the low sensitivity of 46.4%, which is like our study where
only 1/47 pleural fluid samples were positive.!* Whereas,
in other samples like urine and CSF none of the samples
were positive. Amongst the GeneXpert MTB/RIF assay
positive samples, being a paucibacillary condition the load of
organisms was low (5.2%) followed by medium (2.8%), very
low (1.7%), and high (0.7%) based on the critical threshold
values. Thus, this study reinforces the fact that GeneXpert
MTB/RIF assay is a test which is of great value in EPTB.

A strong clinical suspicion and a better and more rapid
diagnostic armamentarium substantiate a quicker and
confirmative diagnosis of EPTB. Thus, we tried to analyze
different rapid diagnostic modalities to construct a well-
formed protocol. In a patient with a clinical suspicion
of EPTB histopathology and GeneXpert MTB/RIF assay
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remain the two most important diagnostic tests for a rapid
diagnosis. A recent modification of GeneXpert MTB/RIF
assay is the GeneXpert Ultra which has a lower limit of
detection of 10 CFU/mL and thus appears to be extremely
useful in such paucibacillary samples.”® Based on the cycle
threshold (CT) value, GeneXpert Ultra has an additional
result interpretation called Mycobacterium tuberculosis
complex (MTB) trace, further strengthening the diagnostic
modality. WHO recommends the use of Xpert Ultra as the
initial diagnostic test for suspected tuberculous meningitis
with a higher sensitivity of 95%, as compared to either Xpert/
culture both having a sensitivity of 45%.'° The limitation of
this study is that very few samples were received for culture,
so comparison with culture could not be done.

CONCLUSION

The CBNAAT assay (GeneXpert MTB/RIF)is a valuable tool
for rapid diagnosis of extrapulmonary tuberculosis. It is an
important tool for diagnosis and can be supplementary to
other tests like smear microscopy, mycobacterial culture
and histopathology. The test shows comparable sensitivity
and specificity and can be used for diagnosis of various
extrapulmonary tuberculosis samples.
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