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Detection of Abdominal Tuberculosis
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ABSTRACT

Background: Diagnosis of abdominal tuberculosis (TB) from ascitic fluid samples using routinely available diagnostic
methods is challenging due to its paucibacillary nature. Although performance of Xpert MTB/RIF assay has been
evaluated extensively on pulmonary samples, its performance on extrapulmonary samples is still under evaluation.
Objectives: The objective of this study was to find out the performance of Xpert MTB/RIF on ascitic fluid samples
obtained from suspected cases of abdominal TB. Performance was compared with Mycobacterium growth indicator
tube-960 (MGIT-960) culture and in-house multiplex polymerase chain reaction (PCR). The latter detects and differentiates
Mycobacterium tuberculosis and nontuberculous mycobacteria simultaneously.

Materials and Methods: Sixty-seven patients suspected of probable/possible abdominal TB were included in this
observational, prospective study. All samples were tested by Ziehl-Neelsen staining, MGIT-960 culture, in-house
multiplex PCR, and Xpert MTB/RIF assay.

Results: All 67 samples were smear negative. Seventeen (25.4%) were MGIT-960 culture positive while 12 (17.9%)
were detected positive by the Xpert MTB/RIF assay and 9 (13.4%) by in-house multiplex PCR. Sensitivity and specificity
of the Xpert MTB/RIF assay compared with the MGIT-960 culture were 70.6% (95%, confidence interval [CI]: 44.1-89.7)
and 100% (95%, Cl: 92.8—-100) and that of in-house multiplex PCR were 52.9% (95%, Cl: 30.9-73.8) and 100% (95%,
Cl: 92.8—-100), respectively.

Conclusions: Diagnostic yield of Xpert MTB/RIF assay on ascitic fluid samples was lower than MGIT-960 culture. We
thus emphasize on the need for urgent discovery of new biomarkers for paucibacillary TB.

Key words: Abdominal tuberculosis, ascitic fluid, Mycobacterium growth indicator tube-960 culture, multiplex
polymerase chain reaction, Xpert MTB/RIF
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is one of them, predominantly seen in high TB burden
countries.’)

The lack of explicit clinical features and ascertaining
the primary cause of exudative collection, both delay
diagnosis and treatment of the primary condition, lead to
high mortality rate.™ The standard diagnostic methods
such as Ziehl-Neelsen (ZN) staining of smears and
Lowenstein—Jensen (L-]) culture done from ascitic fluid
are not very sensitive for the diagnosis of abdominal TB.!"
Liquid culture methods adopted by most countries in the
last 10 years have improved the sensitivity to some extent
but are also expensive and need sophisticated laboratory
infrastructure.® Thus, for the diagnosis of EPTB, there
is an urgent need for rapid new diagnostic methods.!"
Several nucleic acid amplification tests (NAATS), such as
polymerase chain reaction (PCR), Gene Probe, and line
probe, have been developed in the last few years claiming
high sensitivity, specificity, and short turnaround time (TAT).
These molecular tests have been developed using various
insertion sequences, internal transcribed spacer (ITS)
sequences, and other gene targets. Most of these PCR
methods are aimed to detect Mycobacteriun tuberculosis (M TB)
while missing other Mycobacterium infections."'* For this
purpose, our group and later on others have developed
in-house multiplex PCR assays targeting genus-specific
primers, MTB complex-specific primers, and also some
commonly detected nontuberculous mycobacterial
species.""l However, some in-house developed PCRs
have shown region to region and laboratory to laboratory
variations ranging from 18% to 99%, making them poorly
acceptable."*"” In 2010, Xpert MTB/RIF assay (Cepheid
Inc., Sunnyvale, CA, USA) was endorsed by the World
Health Organization (WHO), which detects MTB along with
rifampicin (RIF) resistance within a shorter TAT of 2 h and
has minimal risk of cross-contamination. Xpert MTB/RIF
assay has extensively been used on pulmonary samples with
pooled crude sensitivity and specificity of 92.5% and 98%,
respectively.®
EPTB samples is weak."*?!! We recently reported poor
petformance of Xpert MTB/RIF assay on pleural fluid
samples, which is another highly proteinous samples with
high concentration of PCR inhibitors.”? As such, there ate
very few studies reporting its usefulness on ascitic fluid and
these too have used very small sample size, and to the best

I However, evidence for using this assay for

of our knowledge, there is no systemic study published
from India.

The main aim of this prospective study was to evaluate
the sensitivity and specificity of Xpert MTB/RIF and
in-house multiplex PCR in comparison with phenotypic
Mycobacterium growth indicator tube-960 (MGIT-960) liquid

culture as standard. All surviving patients were followed
up to 12 months irrespective of whether the laboratory
results were positive or negative.

MATERIALS AND METHODS
Patients and samples

This prospective, observational study was carried out from
January 2013 to December 2014 at the TB Laboratory,
Division of Clinical Microbiology and Molecular
Medicine, Department of Laboratory Medicine, All India
Institute of Medical Sciences, New Delhi, which is an
accredited (C&DST) laboratory. Samples from patients
with clinical, radiological suspicion of abdominal TB were
sent to our laboratory for microbiological confirmation.
Another aliquot of the sample was simultaneously sent
for cytopathological examination. Clinical symptoms
mainly found among these patients were fever, weight
loss, anorexia, vomiting, and distension of abdomen with
or without recurrent diarrhea, cough, and abdominal
pain. A total of 67 single nonrepetitive ascitic fluid
samples (minimum 3 ml) were received from 67 patients.

Xpert MTB/RIF assay

One milliliter (ml) of ascitic fluid was tested by Xpert
MTB/RIF assay following the manufacturer’s protocol
as reported previously.” Briefly, 1 ml of uncentrifuged
ascitic fluid sample was lysed with 3 ml of SR buffer (3:1)
and incubated for 15 min at room temperature. From the
3 ml mixture, 2 ml was transferred into Xpert MTB/RIF
assay cartridges version G4 containing the wash buffer,
reagents for DNA extraction and PCR amplification,
fluorescent detection probes (five for the 7poB gene and
one for internal control, Bacillus globigii spores). After proper
mixing, the cartridge was loaded into Xpert MTB/RIF
assay instrument. Results were generated in 2 h and
reported as MTB negative or positive with semiquantified
bacillary load as high, medium, intermediate, low, and RIF
sensitive or resistant using software version 4.4a I (Cepheid
Inc., Sunnyvale, CA, USA).

Sample processing

The remaining ascitic fluid sample was processed
for smear, culture, and in-house multiplex PCR by
N-acetyl-L-cysteine-sodium citrate-NaOH method as
published elsewhere.”! Processed samples were used for
ZN staining for acid fast-Bacilli (AFB), MGIT-960 culture,
and in-house multiplex PCR after DNA extraction.
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Mycobacterium growth indicator tube-960 culture

Five hundred microliters of decontaminated sample was
inoculated into the MGIT-960 culture tube containing
800 ul of OADC and PANTA supplement as per the
manufacturer’s instructions (Becton Dickinson Diagnostic
Instrument Systems, Sparks, MD, USA). The inoculated
MGIT tube was loaded in the automated MGIT-960
system, and the growth was continuously monitored by
BD Epicentre®.

In-house multiplex polymerase chain reaction (mPCR)

DNA isolation for in-house mPCR was performed as

mentioned previously. Briefly, 1 ml of decontaminated

samples was lysed with lysozyme, followed by

proteinaseKK-SDS treatment. Proteins and macromolecules

were precipitated using CTAB-NaCl solution. Nucleic acids

were recovered from the aqueous phase after extraction

with chloroform and iso-amyl alcohol, followed by

precipitation with 70% ice cold ethanol. The precipitated

DNA pellet was solubilized in 50 uL. of tris-EDTA buffer,

and 5 pl volume was used for in-house mPCR which

was performed according to the previously published

protocol."**#] This in-house mPCR targets three genes:

hsp-65 (genus-specific), esat-6 (MTB-specific), and ITS

MAC region (specific for Mycobacterium avinm complex).

The sequences of primers were as follows:

e hsp-65 F-ACCAACGATGGTGTGTCCAT

e hsp-65 R-CTTGTCGAACCGCATACCCT

e wat-6 F-GCGGATCCCATGACAGAGCAGCAG
TGGA

* ¢sar-6 R-CCAAGCTTCCTATGCGAACAT
CCCAGTGACG

e TS F-CCCTGAGACAACACTCGGTC

e TS R-ATTACACATTTCGATGAACGC.

The PCR was set up for 25 pL final volume and was run
in a thermal cycler at the amplifying conditions of initial
denaturation at 95°C for 10 min and 30 cycles of 95°C
for 1 min, 59°C for 1 min, and 72°C for 1 min and a final
extension of 72°C for 10 min. Amplified products were
resolved through 2% agarose gel in tris-acetate buffer.

Statistical analysis

All the data of the Xpert MTB/RIF assay, MGIT-960, and
in-house multiplex PCR were maintained on MS Excel
2007. Data were statistically analyzed to calculate sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV).
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RESULTS
Patient details and clinical symptoms

Out of 67 patients, 43 (64.2%) were male and 24 (35.8%)
were female, with a male to female ratio of 1:1.79. Their
mean age was 41.0 = 18.8 and 46.0 = 20.4 for males and
temales, respectively. Majority (64 [95.5%]) of patients
were adult cases and only 3 (4.4%) were children. Most
patients presented with abdominal pain (64 [95.5%]),
fever (54 [80.6%]), weight loss (45 [67.1%]), and
headache (42 [62.7%]). Anorexia (42.5%) and
vomiting (31.3%) were less common. On examination,
all (100%) had abdominal dullness, 16 (23.8%) had
abdominal tenderness, and 10 (14.9%) had hepatomegaly.
Abdominal fluid collection was confirmed in all by
abdominal ultrasonography. All patients were HIV
negative and no patient was currently on antitubercular
treatment (ATT). Chest radiograph abnormalities
were noted in 34.4% (23/67) cases, which included
pulmonary fibrosis in 10 (15%), pulmonary infiltrates
in 7 (10.4%), pleural effusions in 4 (5.9%), and pleural
thickening in 2 (3%).

Performance of smear and Mycobacterium growth
indicator tube (MGIT)-960 culture

All ascitic fluid samples were smear negative for AFB.
MGIT-960 culture was positive in 17 (25.4%) and negative
in 50 (74.6%) cases. All cultures detected flagged positive
by MGIT-960 system were identified as M'TB by in-house
mPCR [Table 1].

Performance of Xpert MTB/RIF

Sensitivity of Xpert MTB/RIF assay for detection of TB
from ascitic fluid samples was determined by considering
MGIT-960 culture as the gold standard. Out of 67 samples,
Xpert MTB/RIF assay was positive in only 12 (17.9%) cases
while 55 (82.1%) were negative. All 12 samples detected
MTB by Xpert MTB/RIF were sensitive for RIE.

Table 1: Sensitivity and specificity of Xpert
MTB/RIF and in-house mPCR in comparison to
MGIT-960 culture

Methods 95%Cl
Sensitivity %  Specificity % NPV % PPV %
Xpert 70.58 (44.1-89.7) 100 (92.8-100) 90.9 (80.1-96.9) 100 (73.5-100)

MTB/RIF

In-house 52.94 (30.96-73.84) 100 (92.86-100) 86.21(75.07-92.84) 100 (70.08-100)
mPCR

PCR: Polymerase chain reaction, Cl: Confidence interval, NPV: Negative predictive
value, PPV: Positive predictive value
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Performance of in-house mPCR

Of 67 samples tested by mPCR assay, only 9 (13.4%) were
detected positive for genus as well as for MTB-specific
targets and 58 (86.6%) were found negative for both
genus- and species-specific PCR. No sample was positive
for nontuberculous mycobacterial species. All these nine
samples were also positive in MGIT-960 culture.

Comparison of MGIT-960 culture with Xpert MTB/
RIF assay

The MGIT-960 culture was positive in 17 (25.4%) cases as
highlighted above, and Xpert MTB/RIF assay was positive
in 12 (70.5%) of these samples. No additional case could
be detected by Xpert MTB/RIF [Figure 1]. The mPCR was
positive in 9 (52.9%) of the 17 culture positive samples.
Like Xpert MTB/RIF, the in-house mPCR also did not
detect any additional case over the culture. The sensitivity
and specificity of Xpert MTB/RIF and mPCR as compared
to MGIT-960 culture are given in Table 1.

Initiation of antitubercular treatment (ATT) for
tubercular ascites

Initiation of ATT was initiated in all 17 patients who were
culture confirmed TB cases. Following the guidelines of
standard care, as prescribed by the American Thoracic Society,
treatment was also initiated in those patients who had strong
suspicion of TB but no evidence of malignancy even if
these were culture negative. The major criteria for suspecting
TB were significant ascites with unexplained fever with or
without weight loss, previous history of TB, contact with a
TB patient, and radio-imaging signs of intestinal obstruction.
It also included Mantoux test positivity, raised erythrocyte

Ascitic fluid samples

sedimentation rate, cytological findings, and ascitic fluid
biochemistry. The other parameters (minor critetia) taken into
consideration were white blood cell count in the ascitic fluid
which widely ranged from <500 cells/mm?’ to 1500 cells/
mm?, adenosine deaminase >30 U/L, total protein >2.6 g/
dl, and serum albumin gradient content <1.1 g/dL

Follow-up of patients

All patients irrespective whether they were positive or
negative for MTB were followed up for 12 months (9 months
treatment plus 3 months posttreatment period). Follow-up
was done to observe treatment outcome in confirmed TB
cases and initiation of suggestive treatment outcome in
probable/possible TB cases.

After follow-up, based on treatment status, three
groups could be defined as confirmed TB cases (MGIT
960-culture/Xpert MTB/RIF/mPCR positive), possible
TB (strong radiological/clinical/biochemical suspicion),
and non-TB group diagnosed with diseases other than
TB. Based on these criteria, of the 67 patients, 43 (64.2%)
patients received ATT, of which 17 (39.5%) were confirmed
TB cases and 26 (60.4%) cases were grouped as possible
TB cases. Remaining 24 patients fulfilled the criteria of
non-TB group [Table 2]. During follow-up of all patients,
favorable treatment outcome was observed in all 17 (100%0)
confirmed TB cases. Interestingly, in possible TB cases
where presumptive treatment for TB was started, favorable
outcome was accomplished in 17/26 (65.4%) and unfavorable
treatment outcome was seen in 9/26 (34.6%) cases. Hence,
out of 67 patients, 34 (50.7%) patients got cured of TB and
could be considered as true TB cases. Therefore, considering
these 34 patients as actual TB cases, the overall diagnostic
yield of three combined methods was 50% (17/34) only.

(n=67)
Xpert MTB/RIF
I (n=67)
NALC-NaOH '_'I_|
method (n=67)
| MTB Pos MTB Neg
| | (n=13,19.4%)  (n=54, 80.6%)
Multiplex PCR MGIT 960
(n=67) (n=67)
| | |
RIFR Sensitive Indeterminate
MTB Pos MTB Neg (n=2, 15.4%) (n=11, 84.6%) (n=0)
(n=9,13.4%)  (n=58, 86.6 %)
Culture Pos Culture Neg
(n=17,25.4%)  (n=50,74.6%)

Figure 1: Algorithm of the study with summary results of Xpert MTB/RIF, MGIT-960 and the mPCR

Journal of Laboratory Physicians / Jan-Mar 2017 / Vol-9 / Issue-1



Rufai, et al.: Xpert MTB/RIF on ascitic fluid samples

Table 2: Diagnostic performance of culture
and molecular methods on patients presented
with ascites with suspected abdominal
tuberculosis, and outcome of anti-tubercular
treatment
Diagnostic methods and
results (n=67)

Xpert MTB/RIF/mPCR/MGIT ATT given Cured (17; 100%)
culture (positive) (n=17; 25.4%) (n=17)

as well as strong clinical,
radiological, and other supporting
laboratory findings

Xpert MTB/RIF, mPCR, and
MGIT culture (negative)

(n=26; 38.8%) but with strong
clinical, radiological, and other
supporting laboratory findings

Status of Treatment outcome (follow-up
treatment 3 months after completion of ATT)

ATT given Cured after treatment (17; 65.4%)
(n=26) Expired (7) due to

Hepatic carcinoma (5; 19.2%)
Disseminated TB (1; 3.8%)
Congestive heart failure (1; 3.8%)
Follow-up lost (2; 7.7%)

Xpert, mPCR, and MGIT culture No ATT
(negative) (n=24; 35.8%) where started
other diagnoses could be

established

Expired (23) due to

Hepatic carcinoma (7; 30.4%)
Stomach cancer (4; 17.4%)
Cirrhosis (3; 13.0%)

Congestive heart failure (3; 13.0%)
Lung cancer (2; 8.7%)

Chronic kidney disease (2; 8.7%)
Chronic myeloid leukemia (3; 4.3%)
Dengue (1; 4.3%) No ATT started

MGIT: Mycobacterium growth indicator tube, PCR: Polymerase chain reaction,
TB: Tuberculosis, ATT: Antitubercular treatment

DISCUSSION

It is estimated that approximately 15-20% of TB cases are
from extrapulmonary sites even though concrete data from
high-burden countries such as India are lacking.* Most
forms of EPTB but particularly the cases of tubercular
ascites have remained diagnostic challenge over decades
due to paucibacillary nature of ascitic fluid or the biopsy
samples, thus leading to missed and delayed diagnosis.”"!
Age-old conventional methods such as smear examination
of ZN-stained smears provide extremely low sensitivity
while L-] culture besides low yield takes 4—-6 weeks to
report growth results. Even though automated liquid
culture systems have improved diagnostic yield and have
also reduced time to culture positivity, these improvements
are not to the desirable level. These limitations emphasize
on urgent need for rapid diagnosis so that timely treatment
can be started.®™ Newly introduced NAATs if used in
combination with other tests provide improved diagnostic
yield are now being widely used in high-resource settings,
but high cost makes it complex to use these combinations
in resource-limited setting.” In 2013, WHO endorsed use
of Xpert MTB/RIF assay on pulmonary samples where
it has been reported to be highly sensitive and specifict!l
and thus recommended for national TB programs in
developing countries.”” However, its utility for the
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diagnosis of EPTB particularly from ascitic fluid remains
comparatively weak.””

We found that even in culture confirmed samples its yield
was low (70.5%) indicating that in highly proteinous body
fluids such as ascitic fluid, Xpert MTB/RIF-negative
cases must be investigated further using other phenotypic
methods. Previous studies have also reported low
sensitivity of Xpert MTB/RIF on ascitic fluid samples;
however, in these studies, the sample sizes were very
small.®B"% In the present study, the number of samples
was significantly more. Most because of this reason,
the diagnostic sensitivity of Xpert MTB/RIF assay
was higher in our study than the earlier study done in
South Aftrica, in which its sensitivity was 59% (95% CI,
39—-69%) in culture confirmed ascetic fluid samples.l*!
This difference could also be due to older version (G3)
of the cartridges (not mentioned by the authors) in that
study.?! Nevertheless, Xpert MTB/RIF has shortest
TAT (4 h) with high PPV. It means that if the Xpert
MTB/RIF is positive, the ATT can be started without
waiting for MGIT culture reports.

The sensitivity of in-house multiplex PCR was still
poorer (52.9%) in comparison to culture, but it was equally
specific as Xpert MTB/RIE. This in-house multiplex
PCR has been found to be highly sensitive and specific
in pulmonary samples with additional advantage of
detecting nontuberculous mycobactetia simultaneously.!"*!”
However, poor performance of the PCR in ascitic fluids

could be due to high concentration of PCR inhibitors.

CONCLUSION

Even though for detection of PTB liquid culture and
molecular methods have shown outstanding sensitivity, in
our study liquid culture and molecular tests such as Xpert
MTB/RIF assay and in-house multiplex PCR evaluated
for detection of abdominal TB from ascitic fluid samples
showed poor sensitivity. However, automated MGIT-960
culture system provided slightly better yield as compared
to molecular method. On the basis of these data, therefore,
we strongly stress on finding new tools and discovery of
new biomarkers for rapid diagnosis of abdominal TB.
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