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ABSTRACT
Background: Mycobacterium tuberculosis (MTB) is the causative agent of tuberculosis (TB), which remains
the leading cause of morbidity and mortality worldwide. The emergence of drug-resistant strains of MTB has
put status of TB to threatening levels. Aim of the Work: was to detect MTB along with rifampicin (RIF)
resistance using Genexpert (MTB/RIF). Its diagnostic, sensitivity and specificity were evaluated by comparing
with conventional technique. Patients, Materials and Methods: This prospective study was conducted on
two hundred and seven Egyptian patients at Abbasia Chest Diseases Hospital, from November 2016 to
December 2017, and comprised clinically and radiologically diagnosed TB suspected cases. This study was
approved by the Ethical Committee of faculty of medicine, Alazhar University and the Ethical Committee of
Ministry of Health and after Verbal consents from the patients or their parents were taken. Pulmonary
specimens (sputum and bronchial lavage) and pleural effusion as an extra-pulmonary specimen were included.
All samples collected were sent to TB laboratory of Abbasia Chest Diseases Hospital for further analysis.
Result: Out of the 26 Genexpert (MTB/RIF) positive samples for MTBC, 3 (11.54%) showed RIF resistance
and diagnosed as MDR-TB. Using LJ and MGIT cultures for drug sensitivity test (DST) on 31 and 34 positive
TB samples; respectively, the same three specimens showed resistance to rifampicin (RIF). Four positive
specimens were also resistant to streptomycin (STR) using the previously mentioned cultures. Moreover,
resistant to INH was reported in five positive TB samples using the same cultures. Finally, it was found that
all positive specimens were sensitive to Ethambutol (ETH). Conclusion: Although the conventional methods
remain the gold standard for diagnosing pulmonary TB, delayed diagnostic times demand for more rapid and
sensitive nucleic acid amplification techniques. Genexpert (MTB/RIF) assay is simple, rapid and accurate
method for detecting mycobacterial tuberculosis.
Keywords: genexpert device, mycobacterial tuberculosis, MDR.

INTRODUCTION dyes they cannot be decolorized by alcohol,
The mycobacteria are rod-shaped, aerobic regardless of treatment with iodine. True tubercle
bacteria that do not form spores. Although they do bacilli are characterized by “acid-fastness” 95%
not stain readily, once stained they resist ethyl alcohol containing 3% hydrochloric acid
decolorization by acid or alcohol and therefore (acid-alcohol) quickly decolorizes all bacteria
called “acid-fast®  bacilli.  Mycobacterium except the mycobacteria. Acid-fastness depends on
tuberculosis causes tuberculosis and is a very the integrity of the waxy envelope @,
important pathogen of humans. Mycobacterium The term tuberculosis (TB) broad ranges of
leprae causes leprosy. Mycobacterium avium- clinical illness caused by Mycobacterium
intracellulare (M. avium complex, or MAC) and tuberculosis or less commonly Mycobacterium
other non-tuberculous mycobacteria frequently bovis and other types of mycobacteria @,
infect patients with acquired immunodeficiency Mycobacterium tuberculosis which usually attacks
syndrome "AIDS" are opportunistic pathogens in the lungs, it can attack any part of the body such as
other  immuno-compromised  persons, and the kidney, spine, and brain. Not everyone infected
occasionally cause disease in patients with normal with tubercle bacilli becomes sick. That explains
immune systems. There are more than 125 the presence of two TB-related conditions: latent
Mycobacterium species @, TB infection (LTBI) and TB disease. If not treated
Mycobacterium Tuberculosis in tissue, properly, TB disease can be fatal .
tubercle bacilli are thin straight rods measuring According to World Health
about 0.4 X 3 um. On artificial media, coccid and Organization ® there were 7974 newly discovered
filamentous forms are seen with variable tuberculosis cases in Egypt in 2016 (4545
morphology from one species to another. pulmonary cases and 3429 are extra pulmonary),
Mycobacteria cannot be classified as either gram- 174 of them confirmed as multidrug resistant
positive or gram-negative. Once stained by basic organisms by the conventional culture method.
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In high-incidence countries, pulmonary
TB control relies on passive case finding among
individuals self-presenting to health care facilities,
followed by either diagnosis based on clinical
symptoms or laboratory diagnosis using sputum
smear microscopy. Serial sputum specimens are
required (one taken on the spot and the following
specimen sent in next days), which means that the
people are asked to make repeated visits to the
health care center for specimen delivery and
collection of results. For many patients, the costs of
repeated visits to health care facilities are
prohibitive, and patient dropout is a significant
problem. In addition, the sensitivity of sputum
smear microscopy has been reported to vary (range,
20 to 80%), often depending on the diligence with
which specimens are collected, smears are made,
and stained smears are examined ©.

Multidrug-resistant tuberculosis (MDR-
TB) is defined as resistance to both isoniazid (INH)
and rifampicin (RIF), and extensively drug-
resistant tuberculosis (XDR-TB) is defined as
MDR-TB with additional resistance to any
fluoroquinolone and to at least one of three
injectable drugs used for TB treatment:
capreomycin, kanamycin, or amikacin ©,

The Xpert MTB/RIF assay is a fully
automated molecular diagnostic test for TB disease
developed to detect Mycobacterium tuberculosis
complex (MTBC) DNA and mutations associated
with rifampicin (RIF) resistance (a reliable proxy
for MDR-TB) directly from sputum and other
specimens in less than 2 hours, and it minimizes
staff manipulation and biosafety risk, Moreover, its
ability to detect smear-negative TB provides a
significant advantage, and significantly improves
the likelihood of timely treatment initiation.
Conventional culture and drug-susceptibility
testing [DST] are still required to complete the
multi-drug resistance profile to the remaining anti-
tuberculosis drugs and to monitor the treatment
provided . The Xpert MTB/RIF test used with the
Cepheid Genexpert® System is a semi-quantitative
nested real-time polymerase chain reaction (PCR)
in-vitro diagnostic test for: 1) the detection of
Mycobacterium tuberculosis complex DNA in
samples or concentrated sediments, that are either
acid-fast bacilli (AFB) smear positive or negative;
and 2) the detection of rifampicin resistance
associated mutations of the rpoB gene in samples
from patients at risk for rifampicin resistance.

The aim of this work was to throw a light
on the importance of Genexpert assay as a rapid ad
reliable test for the diagnosis of Mycobacterium
tuberculosis infection in Egyptian patients. Also,
the comparison between this technique and the
conventional diagnostic methods was evaluated.
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Moreover the sensitivity and the specificity
Genexpert (MTB/RIF) technique was estimated
comparing to conventional diagnostic procedures

PATIENTS, MATERIALS AND METHODS

This prospective study included a total of 207
Egyptian patients (117 males and 90 females)
with clinically and radiologically suspected
pulmonary TB, attending at Outpatient Clinics of
Abbasia Chest Diseases Hospital. Approval of the
Ethical Committee of Faculty of Medicine, Al-
azhar University and the Ethical Committee of
Ministry of Health and a written informed consent
from all the subjects or their parents were
obtained. This study was conducted between
November 2016 and December 2017.

The collected specimens  (sputum,
inducted sputum and bronchial lavage and pleural
effusion) were processed at the Department of
Microbiology Laboratory, Abbasia Chest Diseases
Hospital. These samples were examined by: Ziehl—
Neelsen stain, Lowenstein-Jensen  culture,
Mycobacterial growth indicator tube (MGIT)
culture and Genexpert to detect mycobacterial
nucleic acid and sensitivity to rifampicin.

Any growth on culture, the identification
was done to ensure that it is Mycobacterium
tuberculosis complex using BECTON
DICKINSON (B.D.) Identification Card and
morphology of the colony. The sensitivity to
rifampicin on MGIT was also done. All techniques
were compared including time and the accuracy of
the results. For resistant strains to rifampicin by
GeneXpert, sensitivity to INH, streptomycin, and
ethambutol were done on MGIT ©),

Gene Xpert:

MATERIALS

GeneXpert System equipped with GX2.1
software/computer/printer/barcode (Cepheid Inc.,
Sunnyvale, USA).GeneXpert Cartridge Single-use
disposable Xpert MTB/RIF cartridges, Sample
reagent (provided in Xpert MTB/RIF kit), 8ml
volume pack per each cartridge, permanent marker.
Sterile disposable transfer pipettes with single
mark for minimum volume of sample transfer to
cartridge (provided in Xpert MTB/RIF kit), sterile
screw-capped specimen collection containers
contain decontaminated specimen and disinfectant

at sufficient concentration (diluted chlorine
1:5).Sterile pipettes (Pasteur)
METHODS

One milliliter from Decontaminated

specimen was added to 3 milliliter from sample
reagent. The mixture was vortexes for 20 times
then was left to rest for ten minutes. The mixture
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was vortexes again for 20 times; then was left to
rest for five minutes. Two milliliters from mixture
were put in GeneXpert Cartridge by sterile Pasteur.
The accession number was written by permanent
marker. Barcode was scanned by machine. The
cartridge was entered to machine; then closed the
door. When test was ending the door was opened.
The cartridge was removed from machine. The
report was printed and classify specimen to
positive and negative and if it is resistant to
rifampicin or not. Sometimes when bacterial load
was very low cannot identify if rifampicin was
sensitive or resistant .,
Statistical analysis
Recorded data were analyzed using the
statistical package for social sciences, version 20
(SPSS Inc., Chicago, Illinois, USA). Quantitative
data were expressed as meanz standard deviation
(SD). Qualitative data were expressed as frequency
and percentage.
The following tests were done:
A one-way analysis of variance (ANOVA) when
comparing between more than two means, Chi-square
(X?) test of significance was used in order to
compare proportions between two qualitative
parameters.
Evaluation of Diagnostic Performance:
- Sensitivity = (true +ve)/ [(true +ve) + (false
-ve)].
- Specificity = (true —ve) / [(true —ve) +
(false +ve)].
- PPV (Positive Predictive value) =
(true +ve) / [(true +ve) + (false +ve)].
- NPV (Negative Predictive value) =
(true —ve)/ [(true —ve) + (false —ve)].
- AUC (Area Under the Curve): the ratio of the
true positive and true negative on all patient
= The confidence interval was set to 95% and the
margin of error accepted was set to 5%. So, the
p-value was considered significant as the
following:
= Probability (P-value)
— P-value <0.05
significant.
— P-value <0.001 was considered as
highly significant.
— P-value >0.05
insignificant ©.

was considered

was considered

This study group included 117 male (56.5%) and
90 female (43.5%) of gender, with increase percent
of suspected male patients than female patients,
also their age ranged age 4-90 with mean age
36.72+20.79

Table (1): Gender and age distribution of the study
group.
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Demographic Data Total (N=207)
Gender

Male 117 (56.5%)
Female 90 (43.5%)
Age (years)

Range 4-90
Mean+SD 36.72+20.79

New patients’ group type included most cases in
the study (93.2%), this may refer to an increasing

reemergence of MTB.

Table (2): Patients type distribution of the study

group.
Patients Type Total (N=207)
New 193 (93.2%)
Contact 7 (3.4%)
Relapse 4 (1.9%)
Treatment fail 3 (1.5%)

This distribution may refer

to a large group of

patients with MTB complicated by pleural

effusion.
Table (3): Specimen type distribution of the study
group.
Total
Specimen type (N=207)
Broncho- alveolar lavage
(BAL) 74 (35.75%)
Sputum (SP) 51 (24.64%)
Pleural effusion (PE) 82 (39.61%)

This table shows that L.J. was more sensitive than
AFB stain for detection of MTB 31 and 17 (15 and

8.2%); respectively.

Table (4): LJ distribution of the study group.

LJ Total (N=207)
Results

Negative 176 (85.0%)
Positive 31 (15.0%)
STR

R 4/31 (12.9%)
S 27/31 (87.1%)
INH

R 5/31 (16.1%)
S 26/31 (83.9%)
RIF

R 3/31 (9.7%)

S 28/31 (90.3%)
ETH

S 31/31 (100.0%)

This table shows 34 (16.4%) out of 207 tested
samples were positive using MGIT system for M.
tuberculosis growth detection. Four, five and three M.
tuberculosis isolates were resistant to STR, INH and
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RIF; respectively. All the 34 isolates were sensitive to

ETH.

Table (5): MGIT distribution of the study group.

MGIT Total (N=207)
Results

Negative 173 (83.6%)
Positive 34 (16.4%)
STR

R 4/34 (11.8%)
S 30/34 (88.2%)
INH

R 5/34 (14.7%)
S 29/34 (85.3%)
RIF

R 3/34 (8.8%)

S 31/34 (91.2%)
ETH

S 34/34 (100.0%)

Table (6): Genexpert (Gx) distribution of the study
group.

Gx Total (N=207)
Result

Negative 181 (87.4%)
Positive 26 (12.6%)
RIF

R 3/26 (11.5%)
S 23/26 (88.5%)

This table shows no statistically significant difference
between Gx, LJ and MGIT according to RIF
resistance.

Table (7): Comparison between Gx, LJ and MGIT
according to RIF resistance.

This table shows that Genexpert was less sensitive
than MGIT and LJ for detection of MTB (12.6,
16.4 and 15%) respectively. But was more
sensitive for detection of RIF resistance than MGIT
and LJ (11.5, 8.8 and 9.7%); respectively.

Gx LJ MGIT p-
RIF | (N=26) | (N=31) | (N=34) | X% | value
R |3 3 3
e > > 0.124 | 0.938

This table shows highly statistically significant
difference between Gx, LJ and MGIT according to
duration of results (day).

Table (8): Comparison between Gx, LJ and MGIT according to duration of results (day).

Result (day) Gx (N=26) z_r\]]=31) MGIT (N=34) | ANOVA p-value
Mean+SD 0113003 | 41.10+11.61 | 23.88+10.87 | 11.128 <0.001

This table shows statistically significant correlation between specimen type and positive results AFB only.

Table (9): The correlation of specimen'’s type to positive results AFB, Gx, LJ and MGIT.

Positive Results gp'):ﬁlmen typesp PE Total )((:2h|-square tS-S\faIue
No. 7 8 2 17

AFB %  |4L18% | 47.06% | 1L76%  |[100.0% | o0 | 0086
No. 9 10 7 26

Gx % 34.62% 38.46% 26.92% 100.0% 3.526 0.172 (NS)
No. 12 11 8 31

L % 38.71% 35.48% 25.81% 100.0% 3.586 0.167 (NS)
No. 15 8 11 34

MGIT % 44.12% 23.53% 32.35% 100.0% 1.359 0.507 (NS)

e AFB: Sensitivity of 50% specificity of 97.8% positive predictive value of 76.5%, negative predictive
value of 93.2% with diagnostic accuracy of 89.8%.
e LJ: Sensitivity of 84.6% specificity of 95% positive predictive value of 71%, negative predictive value
of 97.7% with diagnostic accuracy of 93.7%.
e MGIT: Sensitivity of 76.9% specificity of 92.3% positive predictive value of 58.8%, negative predictive
value of 96.5% with diagnostic accuracy of 90.3%.

Table (10): Diagnostic Performance of AFB, LJ and MGIT in Discrimination of Gx.
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Gx Results

(N=26) (N=181)
AFB
Positive 13 4 . . . . )
Negative 13 177 50.0% 97.8% 76.5% 93.2% 89.8%
LJ
Positive 22 9 . . , . .
Negative 4 172 84.6% 95.0% 71.0% 97.7% 93.7%
MGIT
Positive 20 14 . . . . .
Negative 6 167 76.9% 92.3% 58.8% 96.5% 90.3%

e AFB: Sensitivity of 38.7%, specificity of 97.2%, positive predictive value of 70.6%, negative
predictive value of 90.0%, with diagnostic accuracy of 88.4 %.

e GX: Sensitivity of 71.0%, specificity of 97.7%, positive predictive value of 84.6%, negative
predictive value of 95.0 % with diagnostic accuracy of 93.7%.

o MGIT: Sensitivity of 90.3%, specificity of 96.6%, positive predictive value of 82.4%, negative
predictive value of 98.3% with diagnostic accuracy of 95.7%.

Table (11): Diagnostic Performance of AFB, Gx and MGIT in Discrimination of LJ.

Results L) Resuits . Sens. | Spec. PPV NPV | AUC
Positive Negative

AFB

Positive 12 5 . . . . .

Negative 19 171 38.7% 97.2% 70.6% 90.0% 88.4%

Gx

Positive 22 4 . . . . .

Negative 9 172 71.0% 97.7% 84.6% 95.0% 93.7%

MGIT

Positive 28 6 . . . . .

Negative 3 170 90.3% 96.6% 82.4% 98.3% 95.7%
DISCUSSION resource limited settings. In HIV infected patients

Tuberculosis (TB) remains one of the most
fatal infectious diseases worldwide. The emergence of
drug-resistant strains of Mycobacterium tuberculosis
has put status of TB to threatening levels. Multidrug-
resistant TB (MDR-TB) is caused by M. tuberculosis
complex (MTBC) strains that are resistant to at least
two first-line anti-tuberculosis (anti-TB) drugs,
isoniazid (INH) and rifampicin (RIF). The Global
Extensively Drug-Resistant Tuberculosis (XDR-TB)
Task Force of the World Health Organization (WHO)
stated in 2006 that XDR-TB is a form of MDR-TB
defined as resistant to at least any of the
fluoroquinolones and at least one of the injectable
anti-TB  drugs (kanamycin, capreomycin, and
amikacin) 19,

Diagnosis of tuberculosis is a challenge, early
diagnosis and prompt treatments of TB are crucial to
reduce morbidity and mortality, secondary drug
resistance, and transmission of TB. Despite low
sensitivity in detection of  Mycobacterium
tuberculosis, acid-fast sputum smear remains the main
diagnostic method in most countries, especially in

7408

with pulmonary TB, 24-61% have acid-fast negative
sputum smear. Mycobacterial culture is the gold
standard and the most sensitive method for TB
diagnosis; however, the use in clinical practice is

limited due to a slow turnaround time, biosafety
requirements, and high cost 9.

In 2011, WHO endorsed the wide use of Xpert
MTB/RIF assay, a fully automated diagnostic
molecular test using real-time polymerase chain
reaction (PCR) technology to simultaneously detect
M. tuberculosis and rifampicin resistance mutations in
the rpoB gene. This assay can provide the results
within 2 hours. Several studies have demonstrated that
Xpert assay is highly sensitive and specific in
diagnosis of both pulmonary and extra pulmonary TB.
Furthermore, Xpert assay was shown to be cost-
effective for TB diagnosis, compared to microscopy in
low and middle income settings. Therefore, Xpert
assay is strongly recommended as the initial
diagnostic test in individuals suspected of having
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multidrug resistant (MDR) TB and in those with
HIV/TB co-infection. It is also recommended as a
follow-on test in TB-suspected patients with acid-fast
negative sputum smear 12,

In this study 207 Egyptian subjects were
chosen without bias either by age or by gender only by
suspected by a physician according to this study {male
(56.5%) and female (43.5%)} of gender, with age 4-
90 with mean age 36.72+20.79, subdivided to 23
patients less than 10 years, 29 patients between 10-19,
28 patient between 20- 29, 36 patients between 30- 39,
25 patients between 40-49, 31 patients between 50-59
and 35 patients 60 years or more.

The patients were divided into four groups,
the new cases (93.2%), contact to patients (3.4%),
relapse after complete the treatment (1.9%) and
Treatment failure (1.5%). The specimens were
broncho alveolar lavage (35.75%), sputum (24.64%)
and pleural effusion (39.61%).

In this study, it was found that MGIT culture
is most sensitive then LJ culture then Genexpert and
least sensitive is ZN stain.

These results were collectively as the following
studies In Zhang et al., .

This study revealed that there was a
significant difference between mean of turnaround
time of Gene Xpert, LJ and MGIT 0.11, 41.1 and
23.88 days; respectively.

This nearly agreed with Rakh and Elshahawy @4 in
which the turnaround time for Genexpert and MGIT
were 0.1 and 23.5 days.

The result of these study revealed that the
sensitivity of the different techniques for the diagnosis
of tuberculosis depend on specimen’s types whether
sputum, bronchial lavage or pleural effusion.

These results agreed with Saeed et al.,

Pandey et al., *®, Albay et al., ®” and Narute et al.
18)

(15)

This result revealed that AFB in comparison

to Lowenstein-Jensen: Sensitivity 38.7%, specificity
of 97.2%, positive predictive value 70.6%, and
negative predictive value 90.0%, with diagnostic
accuracy 88.4 %.
The result of AFB sensitivity nearly agreed with
Fernandez-Blazquez et al. ®, while its result was
41%, and differ from Saeed et al. @, Rice et al. @
which result was 22.3, 64.9 and 22.2% ; respectively.
The difference between last two studies and the
present study may be because they did their stain
directly and in this study it was done after
concentration and decontamination.

The result of specificity of AFB nearly the
(sa)me with Fernandez-Blazquez et al. ¥, Saeed et al.
15
The result of this study not matched with the study of
Rice et al. @ where the specificity of AFB was77.8%;
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this may be happened due to this work happened in
different countries and with different sample size.

The results for Lowenstein-Jensen in
comparison to MGIT were sensitivity 82.4%,
specificity 98.3% positive predictive value 90.3%, and
negative predictive value 96.6% with diagnostic
accuracy 95.7%.

According to Jing et al. ?? sensitivity and specificity
of LJ in comparison to MGIT were 67% and 90%;
respectively may be due to worked in other country.

The results for MGIT in comparison to LJ
were Sensitivity of 90.3%, specificity of 96.6%,
positive predictive value of 82.4%, and negative
predictive value of 98.3% with diagnostic accuracy of
95.7%.

These results near the results of Rakh and Abdel
Hakeem @2 which were 85.4%, 99.4%, 94.6%
and98.5%; respectively,

It differs from result of Lin et al. @ of where
98.8%, 100%, 100%, and 99.1%; respectively. In
Bangladesh by Sebastian et al. ®¥ Taking LJ solid
culture as reference gold standard the sensitivity of
MGIT liquid culture was 75%, specificity was 93%,
positive predictive value was 72% and negative
predictive value was 94%. The difference between
them and present study may be due to they were done
in other countries.

In this study the sensitivity, specificity,
positive predictive value and negative predictive value
of Genexpert in comparison to LJ were 71.0%, 97.7%,
84.6%, and 95.0 %; respectively.

The result of the sensitivity of Genexpert in this study,
near the result of Fernandez et al. “®, Shah et al. @,
Agrawal et al. ® and Narute et al. @ which were 81,
78%, 79.8, 77.3%; respectively

And differ from the results of Rakh and Abdel
Hakeem @, Saeed et al. ™, Mafort et al. @,
Pachpute et al. ®® and Pandey et al. @® 97.6, 97.5,
93, 97% and 89%; respectively.

The result of the specificity, positive predictive value
and negative predictive value of Genexpert in
comparison to LJ is near the result of Rakh and Abdel
Hakeem @ where the results were 100%, 90.7% and
100%; respectively, Agrawal et al. ?® where results
were 93.1%, 78.5% and 96%; respectively. Pachpute
et al. published in 2018 that specificity, positive
predictive value and negative predictive value of
Genexpert in comparison to LJ were 96%, 95% and
98%; respectively. The result of Pandey et al. @9
specificity of 95%, PPV of 89% and NPV of 95%
using LJ culture as a reference standard.

In this study discovered that no statistically
significant difference between Gx, LJ and MGIT
according to RIF resistance.

This result nearly agreed with all the following Rice
etal. @, Shetye et al. @, Lombardi et al. ®”, Shah
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et al. ® and Narute et al. ® which find 99.2, 97.8,
100, 100 and 100%.

CONCLUSION

Based upon the results of this study, it could
be concluded that:

e Although the conventional methods remain
the gold standard for diagnosing pulmonary
TB, delayed diagnostic times demand for
more rapid and sensitive nucleic acid
amplification techniques.

e Genexpert (MTB/RIF) assay is simple, rapid
and accurate method for detecting
mycobacterial tuberculosis.

e The assay is as sensitive as conventional drug
sensitivity test for the diagnosis of MDR-TB
and simultaneously detects MTBC and RIF’s
resistance. This assay is less dependent on the
operator’s skills, and staff with minimal
training can use the Equipment.

e Although, Genexpert (MTB/RIF) assay has
these advantages, similar to other tests for
MTB, a negative result cannot exclude the
diagnosis of TB.

e Also, patients with positive results can be
assessed comprehensively with results of
Ziehl-Neelsen smear test, culture, clinical
symptoms and radiographic evidence.

RECOMMENDATIONS
It is recommended that:

e The extremely helpful Genexpert diagnostic
tool should be implemented for screening
and management of MDR-TB in TB
endemic countries.

e Further work is needed for improving
sensitivity, specificity and reproducibility of
the Genexpert test and to make it more users
friendly and cost effective.
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