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GeneXpert MTB-RIF assay as a rapid and effective molecular method for
the diagnosis of tuberculosis in Erbil City
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Abstract

Background and objective: Tuberculosis is a major public health problem worldwide,
especially in developing countries. The disease poses a massive threat to public health,
causing increased morbidity and mortality. Therefore, early detection is essential to reduce
the death rate and interrupt transmission. In this study, GeneXpert assay was used for the
rapid identification of bacteria, and its sensitivity and specificity were compared with acid
fast bacilli staining in both pulmonary and extrapulmonary clinical specimens.

Methods: A total of 115 pulmonary and extrapulmonary samples were collected and
diagnosed for tuberculosis detection. Acid fastbacilli, culture, and GeneXpert methods
were used for the diagnosis of tuberculosis.

Results: Out of 115 tuberculosis specimens, 70 were acid fast bacilli smear positive, while
97 samples were positive for Mycobacterium tuberculosis by GeneXpert assay. The results
indicated a higher sensitivity of GeneXpert assay compared to the acid fastbacillistaining
method. The sensitivity of GeneXpert was 91.6%, specificity 50%; positive and negative
predictive values were 89.7% and 55.6%, respectively. No significant differences were
detected between the Gene Xpert test results and the culture results (P = 0.815), and the
total agreement between the tests was 84.3%.

Conclusion: We concluded that the GeneXpert test results is sensitive as culture results
for both pulmonary and extrapulmonary specimens. Although culture remains the gold
standard for laboratory confirmation of tuberculosis disease, GeneXpert should become
standard practice for patients suspected of tuberculosis, and all clinicians and public health
tuberculosis programs should have access to molecular testing for tuberculosis to shorten
the time of diagnosis.

Keywords: Mycobacterium tuberculosis; Diagnosis; Pulmonary; Extrapulmonary;
GeneXpert; AFB.
Introduction of death from infectious diseases and is
Tuberculosis (TB) remains one of the major infected about 25% of the world’s
infectious diseases, and is a global public population.® Initially, TB attacks the lungs;
health problem, especially in developing however, other organs can be attacked
countries. The disease poses a massive by the pathogen, including the lymphatic
threat to public health. In 2015, there system, blood circulation, central nervous
were about 10.4 million TB cases in the system, and alimentary system.* It has
world, from which 90% were adults.” The been reported that in Irag, more than 8000
TB causative pathogen, Mycobacterium TB cases were notified in 2015 with an
tuberculosis (M. tuberculosis), continuously incidence of 16/100,000 population.” The
produces strains harboring resistance failure to act quickly in recognizing and
genes, thus causing increasing challenge treating TB patients leads to increased
to TB treatment and prevention.2 mortality, secondary resistance, and
M. tuberculosis one of the leading causes continuous transmission.® Although smear
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microscopy and radiography are rapid and
inexpensive, they have poor sensitivity and
a poor positive predictive values, however,
they remained as a valuable diagnosis in
most resource-constrained settings.” As in
developing countries, TB diagnosis still
relies mainly on the use of smear
microscopy, which has a low sensitivity and
specificity compared to the culture. The
microbiological methods for TB diagnosis
by culture remains the gold standard.®
Culture is the “gold standard” for final
determination, but it is slow and may take
up to eight weeks because of the pathogen
long generation time.’ Thus a rapid
and accurate method for the diagnosis
of M. tuberculosis is essential for earlier
treatment initiation, its prevention,
improved patient outcomes, and more
effective public health interventions.’® The
demand and the urgent need for a rapid
and simple diagnostic test, particularly
in developing countries. A PCR based
technique for TB detection and antibiotic
resistance testing was developed."
GeneXpert assay is a fully automated
molecular test for the diagnosis of
M. tuberculosis, and it can detect
resistance to rifampin (RIF). The test is
a Real-Time PCR assay for amplification of
a specific sequence of the rpoB gene of
the pathogen. The gene is probed with
molecular beacons to investigate mutations
within the rifampin-resistance determining
region.'? The technique has been approved
by the Scientific Board of the World Health
Organization (WHQO) as the most sensitive
and rapid test for TB diagnosis, and it has
much better accuracy than sputum smear
microscopy.' This on-demand assay takes
less than two hours to be performed, and it
includes bacterial lysis, DNA extraction,
amplification, and amplicon detection using
a disposable plastic cartridge." In addition
to that, the assay has a high sensitivity,
low complexity, minimum hands-on, and
reduced safety concerns for laboratory
staff members.""® This study aimed to
investigate the diagnostic accuracy of
GeneXpert assay in pulmonary and

extrapulmonary clinical specimens and to
compare it with acid fact bacilli (AFB)
taking culture as a reference test in Erbil
city.

Methods

Study design and sample collection

This diagnostic accuracy study was
conducted from June to August 2018, in
suspected patients of pulmonary and ex-
trapulmonary tuberculosis, at the Chest
and Respiratory Disease Specialized
Centre in Erbil City. A total of 115 samples
(44 pulmonary and 71extrapulmonary)
were collected from patients with
symptoms suggestive of TB disease.
Suspected TB patients for collecting
specimens were assigned in this study on
the bases of presenting symptoms and
chest radiography findings. Pulmonary
specimens were taken from the sputum.
Patients meeting the clinical eligibility
criteria were asked to provide three sputum
specimens over a two day period, two spot
samples and one obtained in the morning.
Extra-pulmonary specimens were taken
from pleural fluid, lymph node biopsy,
gastrointestinal, cerebrospinal fluid, skin,
genitourinary. Nonsterile clinical specimens
were processed by the conventional
N-acetyl-Lcysteine~-NaOH method.” The
study protocol was reviewed and approved
by the Scientific and Research Ethics
Committee of the College of Health
Sciences, Hawler Medical University.

AFB and Culture

Collected samples were processed in
a special laboratory in TB center, then
two of the three samples were randomly
selected and processed with N-acetyl-
cysteine and sodium hydroxide (NALC-
NaOH),'® followed by centrifugation. The
samples were resuspended in 1.5 mL of
sample buffer and subjected to microscopy
with Ziehl-Neelsen staining and inoculated
on solid medium (Léwenstein— Jensen,
bioMerieux, France)."”” The third sputum
sample was tested directly by Ziehl-
Neelsen microscopy and the GeneXpert
test. Solid cultures were considered
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negative after 42 days of incubation
without isolation of any mycobacteria.
Non-respiratory specimens from closed
and normally sterile sites were not
decontaminated prior to smear preparation
and culture but were concentrated
by centrifugation at 3,000 g for 20 minutes.
Processed specimens from nonsterile sites
and centrifuged specimens from sterile
sites were directly cultured. Conventional
methods and clinical symptoms that
strongly indicate the presence of
mycobacteria and/or positive bacilloscopy
for AFB were used as criteria for the
confirmatory culture of patient's samples.'®
The positive culture was further identified
as MTB by MGIT TBc identification,
which is used for the identification of
the M. tuberculosis complex from MTB
culture.”® The TBc ID test is a lateral-flow
immune-chromatographic assay based on
the detection of MPB64 in cultures using an
MPT64-specific monoclonal antibody
(Becton Dickinson, USA).

GeneXpert assay

The GeneXpert assay was used as
previously used."Briefly, the provided
buffer was added at a 3:1 ratio to clinical
samples. The tubes were mixed manually
twice in 15-min period at room temperature
before 2 mL of the inactivated material
was transferred to the test cartridge. The
cartridge was then inserted into the test

platform, and the hand on work ended.
Then the machine automatically filtered,
washed, and ultrasonically lysed to release
DNA. Real-time PCR amplification and
detection were performed in an integrated
reaction tube. Primers used for this assay
were forward:
(CGTGGAGGCGATCACACCG CAGAC)
and reverse:
(AGCTCCAGCCCGGCACGCTCACGT)
(Applied Biosystems). The results were
finally read after one hour 45 minutes, in
which fluorescent signal was measured
automatically. Negative or positive and
defined susceptible or resistant to rifampin
depending on the detection of mutations
in rpoB gene (MTB-RIF Instructions).
All specimens that were culture positive
and GeneXpert assay negative and
specimens that were culture negative and
GeneXpert assay positive were retested
twice. The last result was used for the
analysis.

Statistical analysis

Data were analyzed using the statistical
package for the social sciences (version
22). Frequencies and percentages were
calculated. McNemar’s test was used (in
the 2X2 table) when the results of
the AFB test or Gene Xpert test were
compared with the culture results (of the
same patients); as in the following table:

Culture
P (By McNemar)
Positive Negative
AFB or Gene Xpert Positive TP FP TP+FP
Negative FN TN FN+TN
Total TP+FN FP+TN Grand total

TP=True positive; TN=True negative; FP=False positive; FN=False negative.
Sensitivity = TP / (TP+FN)*100; Specificity = TN / (FP+TN)*100; Predictive value positive (PV*): TP /
(TP+FP) * 100; Predictive value negative (PV 7): TN / (FN+TN) * 100; Total agreement = (TP + TN) /

Grand total.

A P value of =0.05 was considered as statistically significant.
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Results

The study included 115 patients with
symptoms suggestive of TB on the bases
of clinical, pathological, or radiological
evidence of tuberculosis. Their mean age
(+ SD) was 39.64 + 18.96 years, ranging
from 17 to 91 years. The median age was
32 years. Table 1 shows that one third of
the patients aged 20-29 years and around
10% aged less than 20 years, while the
proportion of those aged 60 years and
more was 21.7%. More than half (54.8%)

of the sample were females, and 58.3%
of the cases of TB were extrapulmonary
(Table 1). Table 2 shows that the
sensitivity of the sputum AFB test
compared with the culture was 69.5%, the
specificity was 80%, the positive predictive
value (PV+) was 94.3%, and the negative
predictive value (PV-) was 35.6%. The
total agreement was 71.3%. Significant
differences were detected between the
AFB test results and the culture results
(P <0.001).

Table 1: Age and gender distribution of the studied sample, and the TB site.

Age (years) No. %
<20 11 9.6
20-29 38 33.0
30-39 17 14.8
40-49 10 8.7
50-59 14 12.2
> 60 25 21.7
Mean (+ SD) 39.64 (+18.96)
Gender

Male 52 45.2
Female 63 54.8
Site

Pulmonary 48 41.7
Extra-pulmonary 67 58.3
Total 115 100.0

Table 2: AFB test results and indicators of validity compared with the culture as a gold

standard.
Culture
AFB P value*
Positive Negative Total
Positive 66 4 70 <0.001
Negative 29 16 45
Total 95 20 115
Sensitivity Specificity PV+ PV- Total agreement
69.5% 80.0% 94.3% 35.6% 71.30%

*By McNemar’s test.
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No significant differences were detected
between the GeneXpert test results and
the culture results (P = 0.815). The total
agreement between the tests was 84.3%,
as presented in Table 3, which also
shows that the sensitivity was 91.6%, the
specificity was 50%, the PV+ was 89.7%,
and the PV- was 55.6%. Tables 4 and 5
show the diagnostic test analysis among
patients with pulmonary TB patients of
extrapulmonary TB. The same pattern of

the whole sample can be applied for both
pulmonary TB and extrapulmonary TB.
In Table 4, the results of the AFB test were
compared with the results of the culture.
Significant differences were detected
between the results of the AFB test and the
culture among patients with pulmonary and
extra-pulmonary TB (P = 0.001 and P =
0.004, respectively). The total agreement
was 77.08% for the pulmonary type, and
67.6% for the extra-pulmonary TB.

Table 3: GeneXpert test results and indicators of validity compared with the culture as a

gold standard.

Culture

Gene Xpert o ) P value*

Positive Negative Total
Positive 87 10 97 0.815
Negative 8 10 18
Total 95 20 115
Sensitivity Specificity PV+ PV- Total agreement
91.6% 50.0% 89.7% 55.6% 84.30%

*By McNemar’s test.

Table 4: AFB test results and indicators of validity compared with the culture as a gold
standard test among patients with pulmonary and extra-pulmonary TB.

Culture
Site of TB . : Total P value*
AFB Positive Negative Total agreement
Pulmonary Positive 30 0 30 0.001
Negative 11 7 18
Total 41 7 48
Sensitivity Specificity PV+ PV-
73.20% 100% 100% 38.9 77.08%
Extrapulmonary Positive 36 4 40 0.004
Negative 18 9 27
Total 54 13 67
Sensitivity Specificity PV+ PV-
66.70% 69.20% 90% 33.30% 67.16%

*By McNemar’s test.
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Regarding the GeneXpert test (Table 5),
no significant differences were detected
between the Gene Xpert results and the
culture results among patients with
pulmonary TB (P = 0.727) and patients with
extra-pulmonary TB (P = 0.344). The total
agreement among patients with pulmonary
TB was 83.33%, and 85.07% among
patients with extra-pulmonary TB.

Discussion

The characteristic profile of TB patients
in this study showed that the gender
predominance among TB patients was
seen in females (n=63; 54.8%) followed by
males (n=52; 45.2%), with their mean of
age 39.64. Others reported different ratios
in other places around the world. In this
regard, our data were in good accordance
with  what was reported by previous
studies,' who reported 57.4 were female
with a mean age of 44.2 in their study.
The most common age group affected was
20-29 years (n=38; 33%) followed by 60
and above (n=25; 21.7%), these data were
found to be different from data produced by
Pragya et al.,*® who reported that 41-60
age group was the most affected one in
their study. The conventional methods

for the diagnosis of tuberculosis, such as
AFB staining method, chest radiography,
and culture, have several Iimitations
and are thus not always helpful in TB
patient management.” Therefore, there is
an urgent need for an effective and
rapid diagnostic method. Early diagnosis
of TB is extremely important for
patient management, preventing bacterial
transmission in the community, and
effective treatment regimen.”’ Recent
advances in molecular technologies such
as GeneXpert assay for the diagnosis of
TB in clinical specimens with acceptable
turnaround time improved TB control in the
world especially in developing countries.?
In this study, three methods, including
AFB, culture, and GeneXpert methods,
were used for the detection of
M. tuberculosis in 115 specimens from
patients with symptoms suggestive of TB.
Sputum smear microscopy for detecting
AFB is a rapid, inexpensive, relatively easy
to perform, and highly specific tool for
identifying persons with active TB.?
However, the sensitivity of AFB microscopy
was 73.2% (30/41) for culture-positive
pulmonary specimens and 66.7%
(36/54) for culture-positive extrapulmonary

Table 5: GeneXpert test results and indicators of validity compared with the culture as
a gold standard test among patients with pulmonary and extra-pulmonary TB.

Site of TB Culture P value*
Gene Xpert Positive Negative Total Total agreement
Pulmonary Positive 36 39 0.727
Negative 5 4 9
Total 41 48
Sensitivity Specificity PV+ PV-
87.80% 57.1% 92.3% 44.4% 83.33%
Extrapulmonary Positive 51 7 58 0.344
Negative 3 6 9
Total 54 13 67
Sensitivity Specificity PV+ PV-
94.40% 46.2% 87.9% 66.7% 85.07%
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specimens. This agreed with others, who
raise concerns about the low sensitivity of
AFB staining method for the diagnosis
of TB.2*?® However, less attention has
been given to the fact that AFB smear
microscopy may appear positive without
actually having mycobacteria.?® Statistical
analysis showed significant differences
between the AFB test results and the
culture results (P <0.001). In our study,
there were 4 AFB smear positive, while the
culture showed negative results. The false
negative AFB cases (29/95) that confirmed
by culture positive can be attributed to the
moderate sensitivity for AFB such that it
needs 6000 to 10,000 organisms per mL of
the specimen to give a correct positive
result.”” While the threshold for culture to
be positive is only 100 bacilli per mL of
sample, but the growth of TB bacilli on
traditional solid medium requires 4-8 weeks
and consequently delays appropriate
treatment in the absence of a confirmed
diagnosis.” In the present study, the Gene
Xpert test detected the TB causative agent
in 36 of 41 pulmonary specimens and 51 of
54 extrapulmonary specimens of confirmed

culture positive specimens. Statistically,
analyses performed separately for
pulmonary and extrapulmonary TB

specimens (Table 5), which detected no
significant  differences between the
GeneXpert results and the culture results
among patients with pulmonary TB (P =
0.727), and patients with extrapulmonary
B (P 0.344). The total agreement
among patients with pulmonary TB was
83.33%, and 85.07% among patients
with extra-pulmonary TB. Out of 115 TB
specimens, 97 (84.3%) were GeneXpert
positive. Eight samples were found to be
culture positive and GeneXpert negative.
The possible reason for false negative
results could be PCR inhibitors present in
the sputum, as the assay appears to be
relatively resistant to these PCR inhibitors.
The sensitivity of the GeneXpert test, which
was as rapid as the AFB staining method,
was found to be significantly higher than
that of smear in the present study. Data

from this study showed that the sensitivity
of the GeneXpert assay for smear-positive
and smear-negative was 91.6%. However,
the specificity was low (50%) compared
to other similar studies. Data showed
that the sensitivity of the GeneXpert
test for pulmonary specimens was
statistically higher (73.20%) than that
for extrapulmonary specimens (66.70%)
(P <0.001). Our findings on GeneXpert
performance are agreed well with other
researchers®?° regarding the accuracy of
the assay for detection of the presence of
TB pathogen bacilli in AFB negative
specimens; they reported sensitivities
ranged from 72%-90%. In view of these
data, GeneXpert assay provides a superior
close-to-patient test for identifying MTB
from the patient's sputum in comparison to
conventional bacterial methods. Our data
showed that 10 out of 115 were GeneXpert
positive but failed to grow any organisms
in culture, this could be reasoned as
laboratory failure to isolated mycobacteria
or due to non-culturable strains of
M. tuberculosis, as previously reported.*
They reported that the reason could be the
synthesis of some intra- or extracellular
factors leading to the cessation of cell
division. Interestingly, we identified that the
previously treated TB patients were more
likely to give negative culture results, as
the method relies on the viable tubercle
bacilli in the samples. The previously
exposed to anti-TB drug more likely to
reduce bacterial density and also weaken
the activity of bacteria in the samples.*’
Despite being undetected by culture
methods, the dead or weakened tubercle
bacilli would be identified by molecular
diagnostics, which may appear to be an
important factor affectin the lower
recovery rate by culture.** Even though
AFB smear can detect dead cells, the
assay requires 6000 to 10,000 organisms
per mL of sample to register as a positive
case.*®> More researches should be done
to investigate the contribution of dormant
bacteria in lowering the rate of the bacteria
from samples collected from previously

418



GeneXpert MTB-RIF assay as a rapid and

Zanco J. Med. Sci., Vol. 23, No. (3), December, 2019

https://doi.org/10.15218/zjms.2019.051

treated TB patients.

Conclusion

GeneXpert provides a superior diagnostic
test for identifying MTB compared to
conventional bacteriological methods,
although it may give some small false
positive results. The main disadvantage of
AFB smear is low sensitivity, and the
important benefits of GeneXpert assay
are early laboratory confirmation of TB
disease, earlier treatment initiation; and
thus improved patient outcomes. Although
culture remains the gold standard for
laboratory confirmation of TB disease,
GeneXpert should become standard
practice for patients suspected of having
TB, and all clinicians and public health TB
programs should have access to molecular
testing for TB to shorten the time of
diagnosis.
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