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Genexpert (MTB/RIF) Technology in the Diagnosis of
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ABSTRACT

Introduction: Prolonged laboratory processes are major hurdles in the early diagnosis of tuberculosis. Prompt
management of this disease is utmost necessary to control its spread. For this purpose, use of rapid and reliable
laboratory testing methods for the diagnosis of Mycobacterium tuberculosis are crucial alongwith timely infection
management and preventing its transmission to the close contact population.

Aims and Objective: The aim of this study was to establish a diagnostic-connection between culture free cost effective
rapid immuno-assay (IgG and IgM) and GeneXpert (MTB/RIF) technology for the detection of Mycobacterium
tuberculosis within the shortest possible turnaround time.

Place and Duration of Study: This cross-sectional study was carried out at Institute of Microbiology and Molecular
Genetic, University of the Punjab, Pakistan in collaboration with the Department of Pulmonology and TB Outpatient
Department (OPD) at Jinnah Hospital, Lahore over the time of one year (2019-2020).

Material and Methods: To achieve the aim, a total of 180 (pulmonary and extra-pulmonary) samples along with blood
samples were collected from clinical suspects of Tuberculosis. All collected samples were subjected to AFB microscopy,
GeneXpert (MTB/RIF) assay and Enzyme-linked Immunosorbent Assay (ELISA) for IgG and IgM. The diagnostic
sensitivity and specificity of both methods were determined by using the solid culture as the gold standard.Study data
collected through questionnaire was entered and analyzed using Statistical Package for Social Sciences (SPSS version
20).p value of < 0.05 was considered significant.

Results: The overall sensitivity and specificity of GeneXpert (MTB/RIF) assay were 98.2 % and 82.4% respectively,
whereas, for IgG (ELISA) antibodies, it was 50.0% and 76.4% and for IgM (ELISA) antibodies 50.4% and 97.1%
respectively.

Conclusion: It was concluded that with fully automated GeneXpert (MTB/RIF) technology, maximum sensitivity and
specificity can be achieved for diagnosis of tuberculosis within 2 hours.
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INTRODUCTION

Tubercle—bacilli or Tuberculosis (TB) is a lethal

infectious disease, caused by single infectious agent
“Mycobacterium tuberculosis” (MTB), which is
more prevalent in developing countries, including
Pakistan'. In the human population TB remains a
life-threatening disease after HIV/AIDS. Despite the
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fact that, TB is curable and preventable, but
according to published data, one-third world
population is infected from TB?. TB is somehow
disease of poverty because it mainly effects human
population with low socio-economic status®. It is a
transmittable airborne infection that is spread by
coughing, spitting and sneezing of contagious
patients*. Population of around 25,000 per day
showed evidence of development of active TB and
more than 4,500 people died due to TB, which
emphasizes the demand for the rapid diagnostic
tools and effective intervention approaches.
Currently, different microbiological (direct staining
and culture methods), immunological (ELISA for
IgG, IgM) and molecular (Real-time Polymerase
Chain Reaction-PCR) approaches are available for
the diagnosis of TB. All these available diagnostic
tools have different diagnostic sensitivity and
specificity against MTB. Although culturing of MTB
on different selective medium (Solid or Liquid) is
considered as the definitive method or gold standard
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for TB. Currently, conventional microbiological
diagnostic method such as microscopy of sputum
smear or growing the MTB on solid or liquid culture
are used as definitive diagnostic tool for the
identification of active TB®. These methods still
have diagnostic challenges due to some drawbacks.
Smear microscopy is affordable method but has
proven low sensitivity and specificity and solid
culture is laborious and needs sophisticated
technical facilities’.  Furthermore, molecular
amplification methods are being more promising but
still unaffordable by high burden TB communities,
as these assays require very dedicated and expensive
laboratory setups. Therefore, prompt and accurate
diagnosis of TB is still crucial for developing
countries to fight against the global TB epidemic.
However, demand for more alternative diagnostic
methods have been under process since long time.
Availability of rapid, cheap and point of care tests at
all health care levels of community are critically
needed to halt the TB spread by rapid diagnosis. It
will result in effective on time treatment or
monitoring  of disease  management. The
endorsement of real time PCR based GeneXpert
MTB/RIF (Cepheid Inc., CA, USA) technology by
WHO in developing countries for rapid diagnosis
along with detection of drug (Rifampicin) resistance
in just 2 hours is encouraging®®. The serological
based diagnostic approach by measuring the
presence of IgG and IgM antibodies against specific
MTB antigen could be proven to be a useful
companion to microscopic examination for sputum
of patients for the screening of latent or active TB
cases'’. These tests are rapid, cost effective and can
be used as point of care test in resource limited
diagnostic settings. The efficacy of these kind of
sero-diagnostics for the detection of antibodies in
the TB patients have been widely assessed'.It is
extremely important to halt the TB transmission by
detecting it at an early stage. To diagnose, monitor
and assess the treatment outcomes, host biomarkers
play a very vital role. These immunological markers
potentially predict the culture success or failure.
Therefore, reduced time for differential diagnosis
and initiation of treatment. Thus, the focus of
present study was to determine the sensitivity,
specificity and other statistical parameters of
molecular GeneXpert MTB/RIF Assay and compare
the immunological profile (IgG and IgM) by ELISA
with negative and positive solid cultures, as well as
smear microscopy to identify possibly useful
differences as an aid in diagnosis.

MATERIAL AND METHODS

Study Setting and Study Design:

This cross-sectional study was conducted in the
Institute of Microbiology and Molecular Genetics,
in collaboration with the Department of
Pulmonology and TB Outpatient Department (OPD)
at Jinnah Hospital, Lahore (JHL) and Citi
Laboratory and Research Center, LahoreThis study
was approved by the Ethical Review Board of
Punjab University vide number 9043 dated 14™ Nov
2019.0ne hundred and eighty (range 10 to 99 years)
TB suspects were selected based on clinical
symptoms and radiological evidence over the time
period of 1 year (2019-2020). The complete patient
history such as demographic profiles including age,
sex, occupation, socioeconomic status, address,
contact number, relevant history regarding the
intensity and duration of the symptoms were
recorded on the Performa after taking consent from
patients. The number of patients were rigorously
selected to include in study. Patients on immune-
suppressive drugs, HIV positive cases and those
receiving Anti-tuberculosis drugs were excluded.
Moreover, hemolyzed blood samples or insufficient
sputum and extra-pulmonary samples were also
excluded.

Sample Collection and Processing:

PTB and EPTB samples were divided into 3 parts,
one for AFB smear, 2™ for solid culture and 3™ for
the WHO endorsed GeneXpert (MTB/RIF) assay,
along with 3cc blood in clotted vials for the
determination of IgG and IgM level by ELISA
methods were sent to TB laboratory of Pathology
Department of Allama Igbal Medical College,
Lahore (Fig-1) The EPTB-samples were
concentrated by using cyto-centrifugation machine
and resultant deposit was furthers processed for the
Acid-fast smear, GeneXpert (MTB/RIF) and solid
culture as per WHO recommendation'?,

Acid Fast Smear and Bacilli Culture:

All clinical specimens were subjected to acid fast
smear by Ziehl-Neelsen (ZN) staining for the
examination of presence of acid-fast bacilli (AFB)
under microscope as per WHO protocol’. For
bacilli culture, a total of 200 pL of a
decontaminated samples were used to grow the
bacilli in solid culture or Lowenstein-Jensen culture
medium as per WHO standard protocol in a
Biosecurity Level III laboratory 2.

GeneXpert (MTB/RIF) Assay:

For the nucleic acid detection of mycobacterium
tuberculosis DNA, all samples were directly
subjected to GeneXpert (MTB/RIF) assay as per
protocols given by manufacturer'.
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Immunoglobin IgM and IgG Detection by
ELISA:

The determination of specific immunoglobin (IgM
and IgG) in serum of suspected patients were
performed by standard ELISA method by using
commercially available ELISA kit (Genix
Diagnostics GmbH, Germany)'.

Statistical Data Analysis:

The interpretation of study data collected through
questionnaire was analyzed descriptively and
analytically by using Statistical Package for Social
Sciences (SPSS version 20). Diagnostic validity in
terms of sensitivity and specificity of AFB smear,
GeneXpert (MTB/RIF) and ELISA were calculated
by using LJ culture as gold standard method for the
diagnosis of tuberculosis.

RESULTS

In this study, a total of 180 samples from different
suspected TB patients were included. The cohort
was comprised of pulmonary (n=120) and extra
pulmonary (n=60) TB suspects. The overall mean
age of study participants was 49.6+4.7 years.
However, 108 (60%) of them were male and 72
(40%) were females. The results of present study,
shows that, TB is more common in men as
compared to females (Table-1). This correlation of
TB-Males is due to different risk factors likes
smoking, nature or occupation and outdoor activities
of males in our society. Incidence of TB at different
ages, in the given population was studied and
showed that amongst the total number of patients,
98 had age of < 30 years, whereas 40 patients were
above 50 years. It was observed that people
belonging to lower income class groups have more
chances of developing TB. The percentage of
different socio-economic groups in the given
population suffering from the disease were 78.9% in
lower class, 16.7% in middle class and 4.4 % in
higher class (Table-1).

Of the 180 specimens, 120 (66.6 %) were
pulmonary and 60 (33.3%) were EP. Among all
diagnostic tools used in this study, GeneXpert
(MTB/RIF) assay 122 (67.7%) showed the highest
detection rate for MTB, followed by LJ culture 112
(62.1%), 1gG (ELISA) 78 (41.3%) and ZN smear
116 (64.4%) respectively. IgM (ELISA) 60 (33.3%)
showed the lowest detection rate for MTB as
compared to other diagnostic tools (Fig-2). The
sensitivity and specificity of GeneXpert (MTB/RIF)
were also calculated by comparing the results of
GeneXpert (MTB/RIF) with gold standard (LJ
culture). The sensitivity and specificity of
GeneXpert (MTB/RIF) was 98.2% and 82.4%

respectively and the difference was statistically
significant (P <0.05) (Table-2).The performance of
the ZN, LJ culture, GeneXpert and ELISA in terms
of time of diagnosis were also compared in our
study. The results showed that the GeneXpert
(MTB/RIF) and ELISA methods were more rapid
with 2- 3 hours of mean time of positivity as
compared to conventional techniques (Table-3). In
current study GeneXpert (MTB/RIF) shows high
sensitivity and specificity as compared to other
methods (Table-2). Our results and finding agreed
with the WHO (2010) recommendation of using
GeneXpert (MTB/RIF) for rapid detection of TB in
both smear negative and smear positive patients.
WHO policy updated in 2014, recommended the
implementation of GeneXpert (MTB/RIF) assay in
the diagnosis of EPTB cases and smear negative
cases (Table-3).

180 patients suspected of
having TB.

120 Pulmonary and 60
Extra pulmonary TB
susbects

N smear staining

Pulmonary

and Extra
pulmonary
samples

Culturing of decontaminated
samples on LI media

—|

Collection of T sample
along with 3cc clotted
blood sample per patient.

GengXpert (MTB/RIF) assay

Serum was
separated
after
centrifugatio
n of blood
sample.

1z and |gG (ELISA)

Fig-1: The Flow Chart Shows the Sample Collection
and Processing of TB Suspects.

Parameters Groups Frequency Percent (%)
10 - 30 yrs 98 54.0
31-50yrs 52 28.0
Age

51-70 yrs 18 10.0
71-90 yrs 12 7.6
Male 108 60.0

Gender
Female 72 40.0
Socio- Lower class 142 78.9
Economic | Middle class 30 16.7
Status Upper class 8 4.4

Table-1: Characteristics Of Demographic Groups of
Study Population (N=180)
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ZN smear GeneXpert IgG
ype Microscopy (MTB/RIF) 1gM (ELISA) (ELISA)
Culiure as
Gold Sensit Specifici Sensiti Specifi Sensiti Speci Sensiti Specificit
Standard ivity ty vity city vity ficity vity pecilicity
56/86 30/34 84/86 24/34 38/86 32/34 | 42/86 26/34
P Y
n=120
67.4% 88.1% 97.6% 70.5% 44.0% 94.4 49.0% 76.1%
%
2/26 26/26 26/26 32/34 18/26 34/34 14/26 26/34
Extra
pul Y
n=60 100
7.7% 100 % 100% 94.6% 69.2% % 58.8% 76.5%
60/112 32/56 10/112 56/68 56/112 66/68 56/112 52/68
Total
n=180
6% | 941% | 982% | s24% | soow | 0| s00% 76.5%

Table-2: Sensitivity and specificity of different
diagnostic test by comparing with gold
stand method (LJ culture).

Table-2 shows the sensitivities and specificities of ZN
smear microscopy, Gene-Xpert (MTB/RIF) and ELISA
(IgM and IgG) test with respect to different specimen
groups upon comparison with culture results. The results
showed that Gene-Xpert (MTB/RIF) assay showed high
detection rate in both groups (pulmonary and EP) as
compared to other methods used in this study with

sensitivity and specificity of 982% and 82.4%
respectively.
Time of Mean Time of
Test Positivit Time of Negativit
y Positivity g y
Gene-Xpert
(MTB/RIF) | 2 Hours 2 Hours 2 Hours
assay
LJ Culture 3-6 5 Weeks 8 Weeks
Weeks
ELISA 3-4 4 Hours 4 Hours
Hours
ZN Smear 1 Hour 1 Hour 1-24 Hour
Microscopy
Table-3: Comparison Of ZN Smear, LJ Culture,

ELISA And Gene-Xpert (MTB/RIF)
Assay in Term of their time Of Diagnosis.

Table-3 shows that Gene-Xpert (MTB/RIF) has proved to
be most rapid diagnostic tool for the diagnosis of TB
patients as compared to  other
microbiological tools.

conventional

U culture _

ZMN Smear _

GeneXpert (MTE/RIF) _
ELISA{IgM) _
ELISA(lgG) _

0 20 40 60 80 100 120 140 160 180 200

B Positive M Negative

Fig-2: Diagnostic Efficacy of Different Diagnostic

Tool Used In The Study.
DISCUSSION

Tuberculosis (TB) had been a main public health
issue globally and being the largest killer of adult
deaths in the developing countries (like Pakistan)
from a single infectious agent (Myco-bacterium
tuberculosis)'®. Time factor is matter of great
importance in the diagnosis of TB. The conventional
methods presently used for isolation, identification
and antibiotic sensitivity of mycobacterium are
either costly or time consuming. That’s why, a
definitive diagnosis of mycobacterium infection
depends on rapid identification of the MTB in
clinical samples. Therefore, the key objective of the
current study was to evaluate the new emerging
techniques like GeneXpert (MTB/RIF) and ELISA
and their comparison with conventional techniques
(LJ culture and AFB staining) for the diagnosis of
tuberculosis in local population. This study also
investigated different techniques used to detect
mycobacterium, finding the relationship between
them and their validity on using LJ culture as a gold
standard for diagnosis and the relative comparison
of their sensitivity. As ZN staining is affordable,
convenient and easy to perform for routine
diagnosis of TB but it provides the preliminary
diagnosis and it is not considered as an accurate
method because it can’t differentiate between viable
bacteria and dead one!”. Although the sensitivity of
this method, with reference to LJ culture, is 25-75%
and specificity is 95%!'®. In our study, prevalence of
TB and its relationship with demographic
characteristic; age, gender and socio-economic
status have been investigated. The result of our
study indicates that young people (> 30 years) are at
higher risk of TB infection than old age (54%)
(Table-2). The reason behind this is due to direct
contact with bacillary load carry on daily life
expenses and nature of disease. In our study the
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prevalence of TB in the older age range seems to be
less frequent, which may be due to problems facing
in attending the TB centers or hospitals for old age
group. These results have also been agreed with
previous results'®?’. A gender difference in TB has
been an interesting topic of research for many years.
Amongst males 60% of the population and 40%
females have been documented for this disease in
the given population (Table-1). This result agrees
with other studies?'*?. TB is also known as a disease
of poverty because of the lack of proper diagnostic
tools, and treatment at affordable rates in developing
countries. Many of the infected people cannot
manage to pay for TB drugs. In current study the
most of suspected population belonged to low scio-
economic group (142/180), followed by middle
class (30/180) and upper class (8/180) (Table-1).
The reason behind this might be due to overcrowded
living conditions, malnutrition, lack of hygienic
environment/food, non-availability of proper
management programs in government sectors.

ELISA based TB serology is a very useful
complementary tool in the diagnosis and monitoring
of mycobacterial infections®. IgM and IgG
antibodies are developed in the body against M7B,
and they can be detected by ELISA in sera of
patient®*. In our study, the sensitivity and specificity
of IgM (antibodies) was 50 %, 97.1% respectively
and in case of IgG the sensitivity and specificity was
found to be 50% and 76.5% respectively (Table-2).
The sensitivities of IgM and IgG were
comparatively the same as the results observed by
Bam et al. (2009), which were 48.0% and 76.6%%*.
Our results are in favor of updated WHO policy
(2014), in which WHO strongly ban TB sero-
diagnosis, because of these false negative results of
ELISA?. The reason behind this failure may be due
to the use of a single antigen-based ELISA assay.
We evaluated the diagnostic sensitivity and
specificity of GeneXpert both for PTB and EPTB.
These results of current study have proved that
GeneXpert (MTB/RIF) assay is a better method for
diagnosis of TB because of its close comparability
to the LJ culture. When we compared the results of
GeneXpert (MTB/RIF) with LJ culture, the
sensitivity and specificity of GeneXpert (MTB/RIF)
in pulmonary samples was found to be 97.6% and
70.5% respectively (Table-2). Our results are
consistent with those reported by several other
workers?®?’. Comparable efficacy was observed in
extra-pulmonary samples showing sensitivity
(100%) and specificity (94.6%) by GeneXpert
(MTB/RIF) assay (Table-2). It has also been
observed that GeneXpert (MTB/RIF) could detect
25% more positive cases as compared to ZN

microscopy, indicating 2-3 times more sensitivity of
GeneXpert for EPTB (Table-2). In agreement,
Panayotis et al., in their study on EPTB samples
reported a sensitivity and specificity of 100% and
91.6% again indicating a higher sensitivity of
GeneXpert as compared to other methods?. These
results are like previous studies, which have
reported test sensitivity ranging from 57 to 83% in
cases of culture positive but smear negative TB and
98 to 100% in cases of culture and smear positive
cases, while the test specificity remained at 99% to
100%%.

In the diagnosis of tuberculosis time factor is of
crucial importance which helps in starting correct
and result oriented therapy. In GeneXpert the time
for detection of tuberculosis is 0 days, and results
become available in less than two hours, as
compared with 1 day (0-1) for microscopy, 30 days
(23-43) for LJ culture, and 16 days (13-21) for
liquid culture®®. It is, therefore, concluded that
GeneXpert MTB/RIF assay has become a more
accurate and rapid method for diagnosis of PTB and
EPTB as compared to LJ culture in both smear
negative (97%) and positive samples (96.8%). In the
current study we observed 98.7% sensitivity and
82.3% specificity for all cases of TB (Pulmonary
and EP). GeneXpert test has rapid turnover with less
biohazards, less prone to cross-contamination, only
minimal training required, excellent performance,
easy to use, fully automated and has a shorter
detection time, make this technique a very attractive
tool for diagnosis of MTB from clinically suspected
samples, which are all important considerations in
while selecting a diagnostic tool for health care
system.

CONCLUSION

In the current study, we observed 98.7% sensitivity
and 82.3% specificity for all cases of TB
(Pulmonary and EP). GeneXpert test has rapid
turnover with less biohazards, less prone to cross-
contamination, minimal training required, excellent
performance, easy to use, fully automated and has a
shorter detection time, make this technique a very
attractive tool for diagnosis of MTB from clinically
suspected samples, which are all important
considerations while selecting a diagnostic tool for
health care systems.
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