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ABSTRACT

GeneXpert MTB/RIF is a molecular technique for the diagnosis of tuberculosis. This method not
only detects M. tuberculosis but also identifies the absence or presence of different drug resistant
mutations in DNA fragments like rifampicin resistance. In this study, about 200 septum samples
were collected from tuberculosis suspected people of Isfandyar Bukhari District Head Quarter
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Hospital Attock for screening and determination of Mycobacterium tuberculosis and multi-drug-
resistant tuberculosis. The samples were screened for the presence of M. tuberculosis using
Fluorescence Microscopy staining followed by GeneXpert MTB/RIF assay. The results were further
confirmed by Line Probe Assay and Mycobacterium Growth Indicator Tube 960 techniques. In a
total of 200 samples, 45(22.5%) were found positive, 155 (77.5%) were classified negative on
culture while 38(19%) were positive and 162(81%) were negative on FM, 33(16.5%) were positive
and 167(83.5%) were negative on ZN staining microscopy and 47(23.5%) were noted positive and
153 (76.5%) were negative on GeneXpert. The overall sensitivity of GeneXpert was 07% higher
than that of smear microscopy and 4.2 % higher than culture.Different risk factors reported for TB
are; malnutrition (23.40%), health care workers (14.89%), immunosuppression (12.76%),
unimmunized with Bacille Calmette-Guérin (BCG) vaccine and contact with infected persons
(10.63%), diabetes mellitus (8.51%), poverty and foreign-born children are (4.2%). It is concluded
that the most common risk factor for TB was malnutrition (23.40%) and the foreign-born children
(4.2%) were least affected. GeneXpert assay for identification of tuberculosis was found more
sensitive than fluorescence microscopy and for isolation of MTB and rifampicin resistance,
GeneXpert RIF assay can efficiently be usedwhich is simple, robust and efficient with minimum

handling technique.

Keywords: Mycobacterium tuberculosis;
tuberculosis.

1. INTRODUCTION

Mycobacterium tuberculosis is responsible for an
air-borne infection which is also a health problem
occurring globally i.e. Tuberculosis (TB).
Worldwide It is the second primary death cause
after Acquired Immunodeficiency Syndrome
(AIDS). It is a global health problem common in
developing countries and its early detection and
proper treatment are important to save human
life [1-3]. Although GeneXpert Mycobacterium
tuberculosis/Rifampicin  (MTB/RIF) assay is a
widely used diagnostic  procedure  for
tuberculosis but still incidence of tuberculosis is
4.1 million people worldwide. Therefore, more
efficient and cheap tests are needed for
screening tuberculosis. World Health
Organization (WHO) and Foundation for
Innovative New Diagnostic (FIND) have made a
global report on tuberculosis in May 2018. The
report elaborated, latest laboratory parameters
for Drug Susceptibility Testing (DST) of
respiratory medicines used to treat drug-
resistant tuberculosis. DST is a culture-based
procedure for testing the susceptibility of TB
drugs to suggest anti-tuberculosis drugs and
depends on the Minimum Inhibitory
Concentration (MIC) of a drug that is enough to
inhibit the growth of 99.1% wild type strains of M.
tuberculosis.

In Asian countries, more than one-fourth of the
World’s tuberculosis cases and deaths occur,
among which the recorded incidence in India is
10.4 million annually. Pakistan is among the top

rifampicin;

microscopy; GeneXpert; multidrug-resistant

in 20 countries with high tuberculosis and high
multi-drug resistant tuberculosis (MDR-TB), as
0.51 million new cases of tuberculosis occurred
in 2015 with 4.2% drug-resistant tuberculosis
cases [4]. In the case of tuberculosis, a strain is
considered to be multi-drug resistant if it
develops resistance against at least 2 first-line
antibiotics i.e. Isoniazid and Rifampicin [5]. In
2018, the treatment was successful in 54%
MDR-TB and 30% extensively drug-resistant
tuberculosis (XDR-TB) cases. According to
WHO, automated real-time PCR (RT-PCR)
assay with an integrated semi-automated
instrument is the rapid diagnostic procedure to
detect tuberculosis and Rifampicin resistance in
M. tuberculosis. In addition, a semi-automated
device to diagnose tuberculosis and MDR-TB is
GeneXpert Rifampicin resistance assay [6].

MDR-TB shows resistance to Rifampicin and
Isoniazid drug and may have resistance or
sensitivity to other anti-TB antibiotics as well.
Rifampicin resistance is because of point
mutations in the rpoB gene in the beta subunit of
DNA-dependent RNA  polymerase  while
resistance to Isoniazid is because of mutations
at one of two main sites, in the katG and inhA
genes of MTB. The appropriate detection of
MDR-TB needs a positive culture growth of M.
tuberculosis and drug susceptibility testing [7].
Multi Drug resistant tuberculosis are more
common in countries like Pakistan and
there is little information about the Molecular
Approaches for Detection of Rifampin-Resistant
Mycobacterium tuberculosis and Risk Factors



associated with Tuberculosis in District Attock,
Punjab province. Therefore, this study was
planned to compare the diagnosis techniques
used for the detection of multidrug resistant
tuberculosis and different risk factors associated
with tuberculosis.

2. MATERIALS AND METHODS
2.1 Samples Collection and Processing

Informed consent was taken from all
participating patients as approved by the ethical
committee of the Department of Biotechnology
and Microbiology, Abasyn University Peshawar.
About 200 samples were collected from
tuberculosis suspected patients visiting Isfandyar
Bukhari District Head Quarter (IYB-DHQ)
hospital, Attock. Standard procedure was
followed for collecting a sputum sample from
tuberculosis patients [8]. Patients diagnosed with
tuberculosisandDeep lungs specimen will be
included in the study and Bloodstained and
Watery or bubbled samples excluded from the
study.

2.2 Determining and Confirmation of
Samples

The collected samples were screened for the
presence of M. tuberculosis using ZN and FM
staining followed by GeneXpert MTB/RIF assay.
For FM staininga standard protocol was followed
to prepare slides for each sample [9]. The results
were further confirmed by LPA and Mycobacteria
Growth Indicator Tube 960 (MGIT 960-DST)
technigues. BACTEC MGIT 960 system was
used for culturing of MTBC and DST as per
recommended procedures [10].

2.3 GeneXpert (MTB/RIF) Assay

A sputum sample was mixed with
decontamination reagent in a 2:1 (v/v) ratio for
15 min at ambient temperature with intermittent
mixing. The mixture was then loaded into the
cartridge and placed in GeneXpert instrument
(GX). Results were ready within two hours.
Sensitivity and specificity of the fluorescence
microscopy and GeneXpert assay were
calculated as follows,

TP
Sensitivity = m X 100

Where TP represents True Positive and FN
represents False Negative.
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TN
Specificity = m x 100

Where TN represents True Negative and FP
represents False Positive.

2.4 Risk Factors

Data were collected from the participants using
questionnaires that had different factors and
data were collected from the patients.

2.5 Data Analysis

All the microscopy, culture, GeneXpert (MTB/RIF
assay) [11], and MGIT 960-DST data were
maintained on Microsoft Excel 2007. The LPA
and GeneXpert (MTB/RIF assay) results were
statistically calculated and compared. The
overall accuracies of results for LPA and
GeneXpert (MTB/RIF) assay, gold standard
Mycobacteria  Growth Indicator Tube-Drug
susceptibility testing (MGIT-DST) and
sequencing results were compared equally [12].

3. RESULTS

Samples were collected from children and adults
of both genders, among the 200 samples,
47(23.5%) were found positive and 153(76.5%)
were negative for TB. Out of 200 collected
samples, 112(56 %) were male and 88(44 %)
were female. The positive male patient was
28(14.0%) and 19(9.5%) were female. The 47
positive cases were analyzed among different
age groups; 01-10 accounts for2.1%, 11-20 for
8.5%, 21-30 forl7.0%, 31-40 for 19.1%, 41-50
for 21.2%, 51-60 for14.8%, 61-70 for 10.6%, 71-
80 for 4.2% and 81-90 for 2.1%, respectively.
Gender and age-based distribution of positive
and negative isolates are shown in Figs. 1 and 2.

3.1 Microscopy Results

Pulmonary sputum samples from all 200

samples were processed for fluorescent
microscopy technigue and ZN microscopy
technique.

3.2 Grading Positivity of Acid Fast Bacilli
on ZN and FM Microscopy

All the 200 samples have proceeded on ZN and
FM microscopy in which 33(16.5%) were
recorded positive and 167(83.5%) were negative
using ZN Microscopy. Based on the numbers of



Acid Fast Bacilli (AFB) present in the slides the
results were given as scanty, 1+, 2+ and 3+ on
100 X objective. All the 200 samples havealso
proceeded on FM microscopy in which 38(19%)
were recorded positive and 162(81%) were
negative. Based onthe numbers of AFB present
in the slides the results were given as scanty,
1+, 2+ and 3+ on 20X and 40 X objectives. The
microscopy results of the 40X objective were
more prominent than 20X.

3.3 GeneXpert Assay

All the 200 pulmonary samples were also
processed on GeneXpert assay in which
47(23.5%) were recorded positive and
153(76.5%) were noted negative. Out of 47
(23.5%) positive, 28(59.5%) were male and
19(40.5%) were female, out of 47 positive
4(8.5%) were noted rifampicin resistance. It
means out of 200 pulmonary samples,
153(76.5%) samples produced negative results,
while 47(23.5%) were observed as positive on
GeneXpert (MTB/RIFF) assay. Frequency
distribution of positive (MTB/Rifampin resistant)
isolates on GeneXpert (MTB/RIFF) assay and
MGIT culture are shown in Table 1.
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3.4 MGIT-DST Culture Results

All the GeneXpert positive samples were also
cultured on MGIT media for further confirmation
in which 45 (22.5%) were noted positive and
2(4.2%) were negative. Out of 47 samples, 45
were M. tuberculosis and the remaining 2 were
negative while 4 showed rifampicin resistance
TB. It means out of 47 pulmonary
GeneXpert positive samples, 2(4.2%) samples
produced negative results on MGIT -culture,
while 45 (22.5%) were observed as culture
positive.

3.5 Common Risk Factor for TB

Different risk factors for TB were also reported
including poverty (4.2%), malnutrition (23.40%),
immune suppression (12.76%), diabetes mellitus
(8.51%), unimmunized with BCG (10.63%),
contact with infected persons (10.63%), foreign-
born children (4.2%) and health care workers
(14.89%), respectively as shown in Table 2. It
was concluded that the most common risk factor
for TB was malnutrition (23.40%) and the
foreign-born children and poverty (4.2%), were
the least affected.

Table 1. Frequency distribution of positive (MTB/Rifampin resistant) isolates on GeneXpert
assay and MGIT culture

Samples Gene Expert positive MTB culture Non MTB M. tuberculosis
positive positive Rifampicin
resistance culture
positive
200 47 (23.5%) 45 (22.5) 2(4.2%) 4 (8.5%)
Table 2. List of risk factors for Mycobacterium tuberculosis
S.No Risk factors Positive isolates Percentage (%)
1 Unimmunized with BCG 05/47 10.63
2 Malnutrition 11/47 23.40
3 Age (< 20 years) 05/47 10.63
4 Immune suppression 06/47 12.76
5 Foreign born children 2147 4.2
6 Contact with infected persons 05/47 10.63
7 Health care workers 0747 14.89
8 Poverty 02/47 4.2
9 Diabetes mellitus 4/47 8.51
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Fig. 1. Gender based distribution of positive and negative isolates
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Fig. 2. Frequency distribution of positive isolates among different age groups

4. DISCUSSION

Drug resistance cases are increasing day by day
due to the misuse of antibiotics. MDR-TB,
internationally, is the focus of both society and
health care organizations. Drug resistance and
accurate investigation of MTB is a serious
problem today in developing countries such as
Pakistan.In our results, the positive male patient
were 28(59.5%) and female 19 (40.5%). A
similar study was also conducted by Patel et al.
[13] who diagnose 1200 EPTB samples in which
the positive male samples were 177 and females
were 73. Their study showed that the male
wasmore prevalent for the disease as compared
to female patients detected as positive for MTB.
The age range 41-50, 10(21.2 %) out of a total of
47 positive samples, showed the highest
frequency of pleural TB. Similarly in the study of
Nisar et al. [14] conducted on morbidity in the
hospitals of KP, Pakistan. Total 6549 suspects
patients were included consist of 77 cases
treated previously and 2318(2241 new cases).

The age group =15 was highly affected with
1702(75.94 %) followed morbidity by age group
4-15 years with 373(16.64 %) and age group 0-4
with 166(7.40%), respectively.

We also study different risk factors for TB which
are: malnutrition (23.40%), poverty (4.2%)
immune suppression (12.76%), diabetes mellitus
(8.51%), unimmunized with BCG (10.63%),
contact with infected persons (10.63%), foreign-
born children (4.2%) and health care workers
(14.89%), respectively. It was concluded that the
most common risk factor for TB was malnutrition
(23.40%) and the foreign-born children and
poverty (4.2%), were least affected. The most
common signs and symptoms in our study for
pleural TB were weight loss 13(30.23%), dry
cough 10(21.27%), chest pain 10(21.27%), night
sweating 08(17.02%), blood in sputum 4(8.51%)
and body aches 2(4.65%), respectively.
American thoracic society and CDC (2000) also
described some common signs and symptoms
for TB that person with latent TB infection does



not feel sick. The patient may become sick if the
infectious bacteria become active in her/his
body while a person with active TB disease
may feel sick and may also have
signs/symptoms like fever, cough, and weight
loss [15-18].

We performed culture, in which 45(22.5%) were
MTB positive, 4(8.5) were rifampicin-resistant.
These findings were also reported by Promod et
al. (2012) who suggested that culture is the gold
standard. Tortoli et al. (2012) evaluated the use
of GeneXpert assay in 1476 PTB samples and
reported that Xpert assay is 81.3% sensitive and
99.8% specific. Out of 47 GeneXpert positive
samples, our culture results as, 45(22.5%) were
noted positive and 2 (4.2%) were negative.
Goyal et al. [19] conducted a similar study to
diagnose early-stage human clinical material TB
mycobacterial infections with rapidity and
accuracy to decrease the incidence. The
important techniques for diagnosing TB are
generally admired in microscopy and culture.
This study also correlates with our results.In total
samples, 45(22.5%) were found positive, 155
(77.5%) were classified a negative on culture
while 38(19%) were positive and 162(81%) were
negative on FM, 33(16.5%) were positive
167(83.5%) were negative on ZN staining
microscopy and 47(23.5%) were noted positive
and 153 (76.5%) were negative on GeneXpert.
The overall sensitivity of GeneXpert was 07%
higher than that of smear microscopy and 4.2 %
higher than culture. In 2010 December [4]
approved the use of MTB/RIF assay which is the
initial diagnostic test. Diagnosis of PTB is
challenging due lack of rapid diagnostic
instruments, especially in limited-resources
areas. For the suspected individuals having
MDR-TB or HIV-associated TB.

Our study showed that the overall GeneXpert
sensitivity was 07% higher as compared to FM
microscopy. The study conducted by Jeon et al.
[20] determined the specificity of GeneXpert and
a study was carried out for the analysis of 20
samples which proved that the use of Xpert
MTB/RIF test for pleural fluid having reasonable
specific results. The 97% specificity was noted
for commercial and 91% was for in-house tests,
respectively. Several other studies have also
evaluated the performance of GeneXpert for
pleural fluid and overall the test showedthe best
accuracy with sensitivity ranging from 70% to
90%. The study of Tortoli et al. [21] also confirms
our findings. In their study, both the pediatric and
adult patients were included for a large number
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of TB samples. The overall sensitivity and
specificity of GeneXpert were 81.3% and 99.8%
while the sensitivity of microscopy was 48%. For
the diagnosis of Pulmonary tuberculosis, the role
of culturing of MTBC remains central. The
GeneXpert is rapidly diagnosing assay for
disease detection which makes it the best
investigation method as compared to smear
microscopy [22,23-25].

Our GeneXpert results showed 47(23.5%)
positive and 153(76.5%) negative samples. The
study of Boehme et al. [26] also correlates with
our GeneXpert results. They identified 551 of
561 culture-positive patients by MTB/RIF test.
The smear-positive TB was 98.29% and smear-
negative TB was 72.5%, respectively. The
performing of second MTB/RIF test increased
the sensitivity in culture-positive and smears
negative inpatients by 12.6% and a third by 5.1
percentage points, to a total of 90.2%.

5. CONCLUSIONS

The study concludes that detection of both MTB
and rifampicin resistance can efficiently be
determined using the new technology of
GeneXpert MTB/RIF assay which is simple,
robust and efficient with minimum handling
technique. Beside this the most common risk
factors for this disease is malnutrition (23.40%)
and the foreign-born children and poverity are
least affected.

CONSENT

As per international standard or university
standard, patients’ written consent has been
collected and preserved by the author(s).

ETHICAL APPROVAL

As per international standard or university
standard written ethical approval has been
collected and preserved by the author(s).

ACKNOWLEDGEMENTS

We acknowledge Isfandyar Bukhari District
Hospital Attock for giving an opportunity to
complete this research project.

COMPETING INTERESTS

Authors have declared
interests exist.

that no competing



REFERENCES

1.

10.

11.

Ahmad B, Idrees M, Ahmad K, Bashir S,
Ahmad S, Lin-Fang H. Mutation analysis
for detection of drug resistance in
mycobacterium tuberculosis isolates from
Khyber Pakhtunkhwa, Pakistan. J Pak
Med Assoc. 2017;67(11):1684-1688.

Arif F, Tahir T, Suhail S, Anees R,
Nadeem |, Hafeez M. Genetic factors
associated with mutations of molecular
mechanism and drug resistance in
Mycobacterium tuberculosis. Biological
and Clinical Sciences Research Journal.
2021;(2).
Available:https://doi.org/10.54112/bcsrj.v2
021i1.72

Amir B, Javed Y, Hanif S, Tahir M, Rana
M, Hafeez M. Culturing, identification and
drug resistance of  Mycobacterium
tuberculosis in sputum specimen. Pakistan
Journal of Intensive Care Medicine. 2021;
(2).
Available:https://doi.org/10.54112/pjicm.v2
021i1.5

WHO. Global tuberculosis report 2015.
20" ed. World Health Organization; 2015.
WHO, Global tuberculosis report 2018.,
World Health Organization, Geneva; 2018.
Dorman SE, Schumacher SG, Alland D,
Nabeta P, Armstrong DT, King B,
Bablishvili N. Xpert MTB/RIF Ultra for
detection of Mycobacterium tuberculosis
and rifampicin resistance: a prospective
multicentre diagnostic accuracy
study. Lancet Infect Dis. 2018;18(1):76-84.
Piatek AS, Telenti A, Murray MR, El-Hajj
H, Jacobs WR, Kramer FR, Alland D.
Genotypic analysis of Mycobacterium
tuberculosis in two distinct populations
using molecular beacons: implications for
rapid susceptibility testing. Antimicrob
Agents Chem. 2000;44(1):103-110.
Varaina F, Henkens M, Grouzard V.
Tuberculosis, practical guide for Clinician’s
Nurses, Laboratray Technicians. 2010;6-
161.

Dickinson B. BACTEC MGIT 960 SIRE Kit
for the Antimycobacterial Susceptibility
Testing of Mycobacterium tuberculosis.
Global Laboratory Initiative.  2014.
Mycobacteriology  laboratory  manual.
Geneva: WHO Stop TB Partnership.

Rufai SB, Kumar P, Singh A, Prajapati S,
Balooni V, Singh S. Comparison of
Xpert MTB/RIF with line probe assay
for detection of rifampinmonoresistant

Bashir et al.; JPRI, 34(48A): 1-8, 2022; Article no.JPRI.84735

12.

13.

14.

15.

16.

17.

18.

19.

Mycobacterium  tuberculosis. J Clin
Microbiol. 2014;52(6):1846-1852.

Maningi NE, Malinga LA, Antiabong JF,
Lekalakala RM, Mbelle NM. Comparison
of line probe assay to BACTEC MGIT 960
system for susceptibility testing of first and
second-line anti-tuberculosis drugs in a
referral laboratory in South Africa. BMC
Infectious Diseases. 2017; 17(1):795-
803.

Patel H, Dumra A, Reddy D, Shivakumar
KS, Kumar PS. Presentation,
management and outcomes of pediatric
urogenital  tuberculosis: 20  vyears’
experience from a tertiary center. Journal
of Pediatric Urology. 2021;17(4):546-€1.
Nisar A, Lail A, Nisar D, Waheed SA,
Saifullah N, Lail G. The Prevalence of
Hyponatremia in Pulmonary Tuberculosis

Patients, a Tertiary Care Hospital
Experience from Pakistan. Journal of
Tuberculosis Research. 2019;7(04):

259.

Ezewudo M, Borens A, Chiner-Oms A,
Miotto P, Chindelevitch L, Starks AM,
Posey J. Author Correction: Integrating
standardized whole genome sequence
analysis with a global Mycobacterium
tuberculosis antibiotic resistance
knowledgebase (Scientific Reports,
(2018), 8, 1,(15382), 10.1038/s41598-018-
33731-1). Scientific Reports. 2020;10(1):
3531.

Wood RC, Luabeya AK, Weigel KM,
Wilbur AK, Jones-Engel L, Hatherill M,
Cangelosi GA. Detection of
Mycobacterium tuberculosis DNA on the
oral mucosa of tuberculosis patients.
Scientific Reports. 2015;5(1):1-5.

Roy S, Schmeier S, Kaczkowski B, Arner
E, Alam T, Ozturk M, Suzuki H.
Transcriptional landscape of
Mycobacterium tuberculosis infection in
macrophages. Scientific Reports. 2018;
8(1):1-13.

Perrone R, Lavezzo E, Riello E,
Manganelli R, Palu G, Toppo S, Richter S.
N. Mapping and characterization of G-
quadruplexes in Mycobacterium
tuberculosis gene promoter regions.
Scientific Reports. 2017;7(1):1-11.

Goyal, Dittrich N, Berrocal-Almanza LC,
Thada SS, Slevogt H, Sumanlatha G,
Conrad ML. Toll-like receptor 1 variations
influence  susceptibility and immune
response to Mycobacterium tuberculosis.
Tuberculosis. 2015;95(3): 328-335.



20.

21.

22.

23.

Jeon D. Tuberculous pleurisy: an update.
Tuberculosis and Respiratory Diseases.
2014;76(4):153.

Tortoli E, Russo C, Piersimoni C,
Mazzola E, Dal Monte P, Pascarella M,
Cirilo DM. Clinical validation of Xpert
MTB/RIF for the diagnosis of
extrapulmonary tuberculosis. Eur Resp J.
2012;40(2):442-447.

Degiacomi G, Benjak A, Madacki J,
Boldrin F, Provvedi R, Palu G, Manganelli
R. Essentiality of mmpL3 and impact of its
silencing on Mycobacterium tuberculosis
gene expression. Scientific Reports. 2017;
7(1):1-8.

Promod K, Raj A, Singh N, Mehta PK.
GeneXpert MTB/RIF assay: a new hope
for extrapulmonary tuberculosis. IOSR J
Pharm. 2012;2(1):083-9.

Bashir et al.; JPRI, 34(48A): 1-8, 2022; Article no.JPRI.84735

24.

25.

26.

Senghore M, Diarra B, Gehre F, Otu J,
Worwui A, Muhammad AK, Antonio M.
Evolution of Mycobacterium tuberculosis
complex lineages and their role in an
emerging threat of multidrug resistant
tuberculosis in Bamako, Mali. Scientific
Reports. 2020;10(1):1-9.

Ajawatanawong P, Yanai H, Smittipat N,
Disratthakit A, Yamada N, Miyahara R,
Palittapongarnpim P. A novel Ancestral
Beijing sublineage of Mycobacterium
tuberculosis suggests the transition site to
Modern Beijing sublineages. Scientific
Reports. 2019;9(1):1-12.

Boehme CC, Nabeta P, Hillemann D, Nicol
MP, Shenai S, Krapp F, Perkins MD.
Rapid molecular detection of tuberculosis
and rifampin resistance. New Eng J Med.
2010;363(11):1005-1015.

© 2022 Bashir et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/84735



http://creativecommons.org/licenses/by/2.0

