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Drug-resistant (DR) tuberculosis (TB) is a persistent threat and presents the main challenge for TB control programs. Rapid diagnosis is
essential for controlling drug-resistant cases. The aim of the study was to evaluate the performance of multiplex real-time PCR assay
using Anyplex II MTB/MDR/XDR (Anyplex) kit to detect DR-TB and its concordance with Resazurin microtiter assay (REMA). The
susceptibility of Mycobacterium tuberculosis, to isoniazid (INH), rifampicin (RIF), ofloxacin (OFX), and kanamycin (KAN), was
evaluated by using REMA and Anyplex kit with 32 drug-resistant TB and 18 susceptible strains. Proportion method was used as gold
standard. All susceptible strains were susceptible to REMA and Anyplex methods. Anyplex and REMA identified 75% and 85% of the
multidrug-resistant (MDR)-TB isolates, respectively. The sensitivity of the REMA assay as compared to PM was 96.4 %, 90.9%, 85.7%,
and 100%, respectively, for INH, RIF, OFX, and KAN, whereas the sensitivity of Anyplex was78.5 %, 77.2%, and 85.7% for INH, RIF,
and OFX, respectively. The agreement between Anyplex and REMA was relative to INH, RIF, and OFX (kappa scores, k =0.8, 0.79 and
0.83 respectively). There was no isolate identified as KAN resistant by Anyplex. REMA, as a rapid phenotypic method, is suggested for
detecting drug-resistant TB isolates that have not been detected by the Anyplex method.
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INTRODUCTION
Tuberculosis (TB) currently stands as the ninth leading cause of death from a
single infectious agent worldwide. In 2016, 1.3 million deaths were attributed to
this disease and 6.3 million new cases of TB were reported by WHO (World
Health Organization) (WHO, 2017). In Egypt, TB is established as a significant
public health problem, after Hepatitis C Virus and schistosomiasis (WHO, 2010).
The main challenges that hinder the accomplishment of current TB control
programs are multidrug-resistant tuberculosis (MDR-TB), and extensively drugresistant tuberculosis (XDR-TB). MDR-TB is defined as resistance to the two
most active anti-TB drugs; rifampicin (RIF) and isoniazid (INH). XDR-TB
includes resistance to the afore mentioned plus resistance to any
fluoroquinoloneF (FQ) and at least one of the second line injectable drugs
(amikacin, kanamycin (KAN) or capreomycin) (Gandhi et al., 2010).
According to the WHO, in 2016 there were 240,000 deaths attributed to MDR
and RIF-resistant TB and 490,000 new MDR-TB cases, worldwide (WHO,
2017). In Egypt, it is reported that, in 2011, about 14 % of newly diagnosed
patients had MDR and RIF-resistant TB subsequently, in 2016; about 20% of
previously treated patients were found with the same strains (WHO, 2017).
Currently, the diagnosis of MDR-TB and XDR-TB using phenotypic drugsusceptibility testing is time-consuming. Consequently, rapid diagnostic tools are
essential for controlling MDR-TB and XDR-TB cases. For reasons that it is
economical, prompt, dependable and an easily performed method, Resazurin
microtiter assay (REMA) has gained interest in the determination of MDR-TB.
The WHO also recommends it as one of the non-commercial diagnostic
sensitivity test methods (WHO, 2011).
The main cause for tuberculosis resistance is the mutation of genes encoding drug
activating enzymes or drug targets (Ramasawamy and Musser, 1998). Several
genes are identified to be concomitant to resistance to anti-TB drugs including
rpsL and rrs for streptomycin resistance, rpoB for RIF resistance, katG, inhA,
aphC, and kasA for INH resistance, pncA for pyrazinamide resistance, embB for
ethambutol resistance, gyrA and gyrB to FQ resistance, tlyA for capreomycin
resistance and eis for KAN resistance. In addition, the rrs A1401G mutation is
associated with cross-resistance to KAN, amikacin and capreomycin (Ando et
al., 2010; Baker et al., 2005; Bernard et al., 2015; Brossier et al., 2006; Chiu
et al., 2016; Georghiou et al., 2012; Gikalo et al., 2012; Isfahan et al., 2006;

Maus et al., 2005; Suzuki et al., 1998; Takiff et al., 1994; Telenti, 1998;
Zaunbrecher et al., 2009). Resistance to multiple drugs is the consequence of an
accumulation of mutations (van Rie et al., 2001)
In recent years, new marketed molecular methods have been proposed for the
rapid performance of drug susceptibility testing of Mycobacterium tuberculosis
(M. tuberculosis), including Anyplex II MTB/MDR/XDR (Anyplex) (Causse, et
al., 2015).
Anyplex is a multiplex real-time PCR that enables the detection of M.
tuberculosis complex and resistance to RIF, INH, FQ and anti-TB injectable
drugs. Anyplex is designed to recognize various mutations including; 18
mutations in rpoB, seven mutations in katG and inhA promoter, seven mutations
in gyrA and three mutations in each rrs and eis promoter which causing
resistance to RIF, INH, FQ, and aminoglycosides, respectively. This assay
depends on two approaches, which assist specific recognition of mutations in
target genes, dual-priming oligonucleotides and tagging oligonucleotide cleavage
and extension (Chun, 2013; Dolinger, 2013; Lee, 2012).
The presence of rapid and accurate diagnostic susceptibility test is very critical
for controlling MDR/XDR TB, particularly in developing countries where most
MDR/XDR TB cases occur.
In this study, we assessed the reliability of the Anyplex II MTB/MDR /XDR kit
and REMA using clinical M. tuberculosis strains from Egypt in detecting drugresistant M. tuberculosis to first and second line anti-TB drugs.
MATERIALS AND METHODS
Patients and specimens
Five hundred eighty-five sputum specimens were collected from TB patients
(n=195) that had respiratory symptoms and radiological data suggestive of
pulmonary TB during the period 2012-2014. The patients were admitted to AlAbbassia chest hospital, Cairo, Egypt. The study group consisted of 160 men and
35 women. Their ages ranged from 15 to 84 years-old. The sputum specimens
were submitted to the Microbiology Laboratory, Al-Abbassia chest hospital,
Cairo, Egypt, for routine culture.
From each patient, three sputum specimens were collected in the early morning
on three consecutive days. Samples were decontaminated by N-Acetyl-L1150
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Cysteine - NaOH method (Kent and Kubica, 1985) and were investigated for
the presence or absence of tubercle bacilli by Ziehl-Neelsen (Z-N) staining
followed by culturing onto Lowenstein-Jensen (L-J) medium. M. tuberculosis
isolates were identified by the growth rate, colony morphology and biochemical
tests by standard bacteriological procedures.

value=0.35) between the presence of recurrent or primary TB infection and TB
history. Forty (75.5%) of previously treated patients were TB positive cases
representing 27.4 % of total TB positive cases.

Drug susceptibility testing

Application of the L-J PM to detect antimicrobial susceptibility showed that 103
(76.3%) strains were susceptible to the four tested anti-TB drugs. However, the
overall resistance rates to the four tested drugs were 23.7%. Twenty-eight strains
were resistant to INH, 22 were resistant to RIF, seven were resistant to OFX, and
only two were resistant to KAN. Twenty (62.5%; 20/32) strains were resistant to
INH and RIF and were defined as MDR-TB. Eighty percent (16/20) of MDR-TB
positive cases had past TB history. Table 1 shows the relationship between
patient's demographic characteristics and MDR-TB positive cases. MDR-TB
isolates were detected in 40% (16/40) of patients with a history of TB and 4.2%
(4/96) of the new TB positive cases. This can be attributed to patient noncompliance with treatment, inadequate drug treatments, or poor case
management. Four of the OFX resistant strains were MDR-TB, and only one of
the KAN resistance strains were MDR-TB, i.e. (Pre- XDR strains). As none of
the 20 MDR strains were resistant to both OFX and KAN, we did not detect any
XDR-TB strains.

Detection of M. tuberculosis resistance to RIF, INH, KAN, and ofloxacin (OFX)
was performed by proportional method (PM) using L-J media. Susceptibility of
drug-resistant TB was evaluated against RIF, INH, KAN, and OFX by REMA
plate test and Anyplex II MTB/MDR /XDR kit and the results were compared to
PM which is considered as the gold standard method.
The susceptible reference strain H37Rv was used as a control in each diagnostic
susceptibility test.
Proportion method (PM):
Indirect proportion test method was performed as previously described (Kent
and Kubica, 1985).

Antimicrobial susceptibility results

REMA plate method
The REMA plate method was performed as described previously (Martin et al.,
2012). Briefly, Two-fold serial dilution of RIF (8 µg/ml), INH (4 µg/ml), KAN
(80 µg/ml) and OFX (32 µg/ml) solutions were prepared in a 96-well microtiter
plate using Middle brook 7H9 supplemented broth (MB7H9) with a final volume
of 100 μl. Growth control containing no antibiotic and sterility control without
inoculum were included in each plate. A loopful of the L-J culture medium was
re-suspended in a tube containing 3 ml MB7H9 medium, and the turbidity was
adjusted to a McFarland 1.0 standard; this suspension was further diluted 1: 10 in
MB7H9. Then 100 μl of this suspension was inoculated in each well, and then the
plate was sealed and incubated at 37°C. After7 days of incubation, 30 μl of 0.01
% resazurin solution was added to each well, and then the plates were incubated
for 24 h at 37°C. The assay was done in triplicate for similar concentrations.
Changes in color from blue to pink indicate bacterial growth. The MIC was
defined as the lowest drug concentration that prevented a full-color shift in the
resazurin from blue to pink. The measure of resistance or susceptibility is defined
as follows: for INH, a strain considered resistant if the MIC ≥ 0.25 µg/ml; for
RIF, a strain considered resistant if the MIC ≥ 0.5 µg/ml; for OFX a strain
considered resistant if the MIC ≥ 2.0 µg/ml and for KAN a strain considered
resistant if the MIC ≥ 2.5 µg/ml (Martin et al., 2012).
Multiplex real-time PCR using Anyplex II MTB/MDR/XDR extraction and
detection kit
Anyplex kit (Seegene, Korea, Seoul) was used as described by manufacturer’s
instructions to extract DNA of decontaminated sputum specimens and DNA
amplification using CFX96™ Real-time PCR (Bio-Rad). Each sample was
simultaneously tested in two separate reactions (MTB/MDR and MTB/XDR).
Statistical analyses:
Data were analyzed using IBM SPSS advanced statistics version 21 (SPSS Inc.,
IL, USA). Chi-square test or Fisher's exact test was used to examine the
relationship between qualitative variables. All tests were two-tailed. A p-value <
0.05 was considered significant sensitivity, the kappa coefficient ranges from the
0-1 with a value of 0 meaning no agreement and value of 1 meaning full
agreement.
RESULTS
A total of 135 Mycobacterium species were isolated from 135 different patients,
all of them were identified as M. tuberculosis according to colony morphology,
slow growth rate, Z-N staining, niacin production and nitrate reduction tests. In
relation to gender and age groups, there was not a significant difference (P
value=0.98) between female and male TB positive cases and no statistically
significant difference (P value=0.77) was detected between different age groups
of positive TB cases. Past TB history was documented in 29.6% (40/135) of TB
positive cases. However, it was not statistically significant relationship (P

Table 1 The relation between patient's demographic characteristics and MDR-TB
positive cases
MDR-TB
Demographic characteristics
P- value
No. (%)
Males
17(85 %)
0.38
Gender
Females
3(15 %)
20-30
3(15 %)
31-40
5(25 %)
0.0012*
Age
41-50
5(25 %)
≥51
7(35 %)
New cases
4 (20 %)
0.34
TB past history
Relapsed cases
16 (80 %)
Smoking
15 (75 %)
Drug addiction
1(5 %)
0.21
Risk factors
Diabetes
4(20 %)
mellitus
Liver diseases
0
Legend: *- Significant, MDR- multidrug resistant
Evaluation of antimicrobial susceptibility methods for detection of drugresistant M. tuberculosis isolates
50 isolates (32 drug-resistant M. tuberculosis isolates and 18 susceptible ones
from 50 different patients) were used to assess the antimicrobial susceptibility by
REMA, which has been recommended for the determination of drug resistance
and minimal inhibitory concentration (MICs) of antimicrobial agents against M.
tuberculosis, and by multiplex real-time -PCR for detection of mutant genes
responsible for drug-resistant using Anyplex™ II MTB/MDR/XDR extraction
and detection kit.
REMA plate method for detection of drug-resistant M. tuberculosis isolates
All the previously identified drug-resistant M. tuberculosis isolates by PM and 18
susceptible isolates were examined by REMA plate method.
REMA plate method identified that 27 M. tuberculosis isolates were resistant to
INH, 20 isolates were resistant to RIF, six isolates were resistant to OFX and 2
were isolates resistant to KAN. Seventeen isolates were identified as MDR-TB
by REMA plate method. The REMA plate method in comparison to PM had
overall sensitivity of 85% and specificity of 100 %. Table 2 shows that MIC
identified by REMA. MIC detected by REMA among INH resistant isolates (n =
27) was >1 µg/ml for 19 isolates, 1 µg/ml for 2 isolates and 0.5µg/ml for 6
isolates. Among RIF resistant isolates (n= 20) MIC was >2 µg/ml for 14 isolates,
2 µg/ml for 1 isolates and 1 µg/ml for 5 isolates. In case of OFX resistant isolates
(n = 6), MIC was > 8 µg/ml for 4 isolates and 8 µg/ml for 2 isolates, while MIC
was 10 µg/ml for all isolates resistant to KAN isolates (n = 2).

Table 2 MICs of anti-TB drugs for susceptible and resistant isolates by REMA plate method
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REMA
MIC (µg/ml) of INH (n=50)
≤ 0.03
0.06
0.125
0.25
0.5
1.0
>1.0
Total
0
0
0
0
6
2
19
27
Resistant (n=28)
12
7
4
0
0
0
0
23
Susceptible (n=22)
MIC (µg/ml) of RIF (n=50)
≤ 0.06
0.125
0.25
0.5
1.0
2
>2
Total
0
0
0
0
5
1
14
20
Resistant (n=22)
26
1
3
0
0
0
0
30
Susceptible (n=28)
MIC (µg/ml) of OFX (n=50)
≤ 0.25
0.5
1.0
2
4
8
>8
Total
0
0
0
0
0
2
4
6
Resistant (n=7)
39
3
2
0
0
0
0
44
Susceptible (n=43)
MIC (µg/ml) of KAN (n=50)
≤ 0.62
1.25
2.5
5
10
20
>20
Total
0
0
0
0
2
0
0
2
Resistant (n=2)
42
5
1
0
0
0
0
48
Susceptible (n=48)
Legend: MIC- minimal inhibitory concentration, INH- isoniazid, RIF- rifampicin, OFX- ofloxacin, KAN- kanamycin, REMA- resazurin micro titer assay.
PM

Since a PM considered as a gold standard method, we compared REMA plate
method to the PM as shown in Table 3. There was significant difference between

PM and REMA plate method regarding the detection of resistant isolates to all
anti-TB drugs.

Table 3 Comparison of diagnostic susceptibility test results of PM and REMA
Agreement
PM
%
Sensitivity
Drug
REMA
(Ƙ value)
R
S
Total
27
0
27
R
98 %
96.4%
(0.96)
1
22
23
INH
S

Specificity

PPV

NPP

P-Value

100 %

100%

95.7%

< 0.0001*

28
22
50
Total
20
0
20
R
96 %
2
28
30
90.9%
100%
100%
93.3%
< 0.0001*
RIF
S
(0.91)
22
28
50
Total
6
0
6
R
98 %
1
43
44
85.7 %
100%
100%
97.7%
< 0.0001*
OFX
S
(0.91)
7
43
50
Total
2
0
2
R
100 %
0
48
48
100%
100%
100%
100%
0.0008*
KAN
S
(1)
2
48
50
Total
Legend: *-Significant, PM- proportion method, REMA- resazurin microtiter assay, Ƙ- The kappa value, R- resistant, S- sensitive, INH - isoniazid, RIFrifampicin, OFX- ofloxacin, KAN- kanamycin, PPV- positive predictive values NPP- negative predictive values.
Real-time PCR results using Anyplex II MTB/MDR/XDR
The Anyplex Kit is designed to identify the MTC and resistance to INH, RIF,
FQ, and anti-TB injectable drugs by melting curve analysis (Fig. 1).

Figure 1 Melting curves obtained using Anyplex™ II MTB/MDR/XDR kit. Each
curve is labeled to reflect the sample examined which were as follows: IC,
internal control; MTB, mpt64 (wild-type); RIF-R, rpoB mutation; INH-R1, katG
mutation; INH-R2, inhA promoter mutation; FQ-R, gyrA mutation; (A) Melting
Curve of MTB/XDR reactions shows sensitive isolate; (B) Melting Curve of
MTB/MDR reactions shows INH-mono-resistant isolate; (C) Melting Curve of
MTB/MDR reactions shows MDR-TB isolate; (D) Melting Curve of MTB/XDR
reactions shows FQ-mono-resistant isolate.
All the tested M.tuberculosis isolates, by Anyplex Kit, were correctly identified
as MTC isolates. Twenty-two isolates were resistant to INH by Anyplex.
Thirteen isolates had mutations in katG gene, seven isolates had mutations in
inhA promoter and two isolates had concomitant mutations in katG gene and
inhA promoter. Moreover; 17 isolates were resistant to RIF, and six isolates
were resistant to OFX by Anyplex. Unexpectedly, there was no Kanamycin
resistance detected by Anyplex. Table 4 shows a comparison between the results
of diagnostic sensitivity test by PM and Anyplex. The overall sensitivity and
specificity of Anyplex methods were 75 % and 100 %, respectively. Fifteen
isolates were identified as MDR-TB by Anyplex.

Table 4 Comparison of diagnostic susceptibility test results of PM and Anyplex
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PM

Agreement %
Ƙ value

Sensitivity

Specificity

R
S
Total
R
22
0
22
88%
78.5%
100%
S
6
22
28
(0.76)
Total
28
22
50
R
17
0
17
RIF
90%
S
5
28
33
77.2%
100%
(0.79)
Total
22
28
50
R
6
0
6
OFX
98%
S
1
43
44
85.7%
100%
(0.91)
Total
7
43
50
R
0
48
2
KAN
S
2
0
48
NA
Total
2
50
50
Legend: *-Significant; PM- proportion method, MRT-PCR- multiplex real time PCR using Anyplex™
value, R- resistant, S- sensitive, INH- isoniazid, RIF- rifampicin, OFX- ofloxacin, KAN- kanamycin,
negative predictive values, NA- not available (can’t be computed)
INH

The detection rate of resistant to anti-TB studied by REMA was higher than
Anyplex method as shows in table 5. The sensitivity and specificity of Anyplex,

PPV

NPP

P-Value

100%

78.5%

100%

86.8%

< 0.0001*

100%

97.7%

< 0.0001*

< 0.0001*

II MTB/MDR/XDR kit, Ƙ- The kappa
PPV- positive predictive values, NPP-

for detection of resistance, compared to REMA method were 81.4% and 100%
for INH, 80.9% and100% for RIF and 85.7% and 100% for OFX.

MRT
-PCR

Table 5 Comparison of diagnostic susceptibility test results of REMA and Anyplex
Agreement%
REMA
Sensitivity
Specificity
PPV
NPP
P-Value
Ƙ value
Drug
R
S
Total
R
22
0
22
90%
INH
81.4%
100 %
100%
82.1 %
S
5
23
28
(0.80)
< 0.0001*
Total
27
23
50
R
17
1
18
RIF
90%
S
4
28
32
80.9 %
96.5 %
94.4%
87.5 %
< 0.0001*
(0.79)
Total
21
29
50
R
6
1
7
OFX
96%
S
1
42
43
85.7%
97.6%
85.7%
97.7 %
< 0.0001*
(0.83)
Total
7
43
50
R
0
0
0
KAN
S
2
48
50
NA
Total
2
50
50
Legend: *-Significant, REMA: resazurin microtiter assay, MRT-PCR- multiplex real time PCR using Anyplex™ II MTB/MDR/XDR kit, Ƙ- The
kappa value, R- resistant, S- sensitive, INH- isoniazid, RIF- rifampicin, OFX- ofloxacin, KAN- kanamycin, PPV- positive predictive values NPPnegative predictive values, NA- not available (can’t be computed)
Cost evaluation
The cost/case by PM, REMA plate method, and Anyplex were $4.38, $2.265, and
$ 23.25 (USD based year 2014), respectively. The cost of appliances required for
storage and testing of samples and kits, and the staff required in the current study

was not contained within the cost computation for each isolate. Cost/isolate with
REMA assay was found to be nearly two times lower than that of PM. Although
the cost of the Anyplex method was higher, the time of detection was very low in
comparison to REMA method as shown in table 6.

Table 6 Cost / time comparison of the diagnostic susceptibility methods used in this study
Method
PM (using L-J)
REMA plate

MRT-PCR

$4.38
$2.65
$23.25
Regular incubator
Regular incubator
Thermal cycler
Regular microbiological
Special microbiological training
Special microbiological training
Technician qualification
training
and higher salary
28-50 days
8 days
Instantly
Duration till diagnosis
(starting from colony)
(starting from colony)
(starting from specimen)
Legend: PM- proportion method, L-J- Lowenstein Jensen media, REMA- resazurin microtiter assay, MRT-PCR- multiplex real time PCR
using Anyplex™ II MTB/MDR/XDR kit
Kits and disposable tools cost
Equipment

DISCUSSION
The emergence of MDR/XDR-TB is a global public health concern. Thus
accurate and rapid diagnostic susceptibility testing of anti-TB drugs is critical.
Although the conventional anti-TB susceptibility test takes several weeks to yield
results, it continues to be the gold standard for assessing resistance to anti-TB
drugs. In the present study, we evaluated REMA and Anyplex assays for
detection of M. tuberculosis resistant isolates in Egypt. REMA results were
obtained in a short period and with great sensitivity and specificity, compared
with the PM. The REMA plate method has exhibited a high degree of agreement
with the conventional PM in the detection of drug resistance to the first line (INH
& RIF) and the second line (OFX & KAN) anti-TB drugs. The agreement
between the two tests for INH, RIF, OFX and KAN resistant was 98%, 96%, 98
%, and 100% respectively. These results were quite consistent with the other two
studies by Coban et al., (2012) and Khalifa et al., (2013), who reported excellent
agreement between the PM and REMA methods. The sensitivity of the REMA
assay in compare to PM was 96.4 %, 90.9%, 85.7% and 100% for INH, RIF,
OFX, and KAN, respectively, whereas the specificity was 100 % for all tested

drugs. Other studies have assessed the diagnostic performance of the REMA
plate method and compared the results to conventional PM (Martin et al., 2003;
Montoro et al,. 2005; Nateche et al., 2006). Their results were very similar to the
current results in relations of specificity and sensitivity for first and second line
anti-TB drugs. Also, REMA has the benefit of simply determining the MIC;
MIC results in this study were in accordance with Nateche et al. (Nateche et al.,
2006) who reported that the MIC by REMA among INH resistant isolates (n =17)
was >1 µg/ml, while among RIF resistant isolates (n =12) MIC was >2 µg/ml
(10/17), 1 µg/ml (1/17) and 0.5µg/ml (1/17). Similarly, Affolabi et al. (2008)
reported that 82.6% (19/23) of the isolates resistant to INH had MIC ≥1 µg/ml
and 93.9% (14/15) of the isolates resistant to RIF had MIC ≥ two µg/ml. In
Egypt, the MICs of OFX and KAN reported by Khalifa et al. (2013) were quite
different than that in our study. They found that the MIC among OFX resistant
isolates (n = 5) was 4 µg/ml (n=3) and 8 µg/ml (n=2). For KAN, MIC of resistant
isolates (n=5) was 5 µg/ml (n=4) and 10 µg/ml (n=1). In this study, the identified
cut-off values for INH, RIF, OFX, and KAN were 0.25, 0.5, 2 and 2.5µg/ml,
respectively. This was in agreement with the MIC specified by other studies
(Affolabi et al., 2008; Martin et al., 2003; Montoro et al., 2005; Nateche et al.,
1153
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2006; Palomino et al., 2002). The cutoff value is built on the greatest fitting of
the colorimetric results with the conventional method to characterize the resistant
and susceptible isolates.
The Anyplex II MTB/MDR/XDR assay is a real-time multiplex PCR has
numbers of probes which are used to detect resistant to first and second-line antiTB drugs. We compared the performance of Anyplex assay as a diagnostic
susceptibility test with the conventional PM. Anyplex identified 75% of the
MDR-TB isolates. The sensitivity of the Anyplex method compared to that of
PM was observed to be 78.5 %, 77.2% and 85.7% for INH, RIF, and OFX
respectively. The specificity was 100 % for INH, RIF, and OFX. Anyplex
sensitivity determined in this study among INH resistant isolates (78.5 %) was
higher than the sensitivity from previous reports examining clinical isolates from
Spain and Lithuania (60.6%) and Japan (68.8%) (Causse et al., 2015; Igarashi et
al., 2017). On the other hand, this was relatively low sensitivity for INH than the
sensitivity (91.4%) reported by Pérez-García et al., (2017), while it was quite
similar to the sensitivity (76.5%) reported by Molina-Moya et al.(2015), both
studies were studying clinical isolates from Spain. In this study, the INH
resistant, detected by Anyplex assay, was due to mutations occurs in katG and the
inhA promoter region. The variation in sensitivity between PM and Anyplex may
be attributed to additional mutations in oxyR′, furA, kasA, srmR, Ndh,
Rv0340/1592c /1772, nat, fadE24, efpA, fabD, aacD6, fbpC, f abG1 and
iniA/B/C, which have also been implicated in INH resistance M. tuberculosis
(Seifert et al., 2015; Vilchèze and Jacobs, 2014).
The sensitivity of the Anyplex test to RIF was 77.2%. This was lower than the
data from previous studies which reported Anyplex sensitivity to RIF by more
than 90% (Causse et al., 2015; Igarashi et al., 2017; Molina-Moya et al., 2015;
Pérez-García et al ., 2017). This comparatively low sensitivity to RIF may be
attributed to under-coverage of the related mutations, e.g., other regions of rpoB,
such as V146F (Ahmad and Mokaddas, 2005). Igarashi et al., (2017) proposed
the reason of the misidentified RIF resistant isolates (even with a nine-base
deletion from 1516 to 1524) due to the presence deletions outside the target
region of the Anyplex test.
Regarding second-line anti-TB drugs, Chen et al. (2011) designed a highresolution melting analysis test to identify OFX resistance in M. tuberculosis by
targeting resistance concomitant with the mutations in gyrA gene. They detected
gyrA mutations in all of 41 (100%) OFX resistant isolates. The gyrA mutations
considered as the most common mechanism of resistant of FQ among M.
tuberculosis isolates (Bernard et al., 2015; Chiu et al., 2016; Telenti, 1998). In
this study, the sensitivity of Anyplex for OFX was 85.7%. This was higher than
the sensitivity (67.7%) reported by Causse et al. (2015).
In this study, no isolate was identified as KAN resistant by Anyplex. This may
be related to alternative KAN resistance mechanisms, such as a different
mutation in rrs or increased expression of the gene encoding the aminoglycoside
acetyltransferase; eis (Evans and Sega, 2010).
We compared the performance of Anyplex assays with the REMA assay.
Anyplex recognized 88.2% of the MDR-TB isolates identified by REMA. The
sensitivity of the Anyplex method compared to that of REMA was observed to be
80.4 %, 81.9% and 85.7% for INH, RIF, and OFX respectively. The specificity
was 100 % for INH, RIF, and OFX. To the best of our knowledge, this is the first
study that compare between REMA and Anyplex assays.
As mentioned previously, the variation between REMA assay as a phenotypic
method and Anyplex as a molecular method may be related to other resistance
mechanisms or presence of mutations in other genes. Although real-time PCR
test is a rapid diagnostic technique, it was not until now, an absolute and
acceptable standard for detection of mutations controlling drug resistance in M.
tuberculosis. This method detects only known mutations, and not all mutations
confer resistance to anti-TB drugs are known. Moreover, the pattern of mutations
may vary from geographic region to another.
Comparison of the cost of the laboratory diagnostic susceptibility test revealed
that the Anyplex assay had the highest financial cost. However, time elapsed to
get the result was considerably the lowest. Regarding the cost of infection spread
as the result of a delay in MDR/XDR TB diagnosis, Anyplex is considered the
most cost-effective method.
CONCLUSION
In this study, REMA method was found to be nearly in complete agreement with
those obtained by the PM.
There are some characteristics of the REMA assay which make it preferable to
the PM. The REMA assay is rapid, low in cost, with easy-to-read results which
are easily specified by a color change visible to the naked eye.
The multiplex real-time PCR kits (Anyplex II MTB/MDR/XDR) enabled
automated rapid detection of MDR/ XDR -TB. The turn-around time was
approximately five hours, including the DNA-extraction. Although Anyplex
assay reduces the time for diagnosis of drug-resistant tuberculosis, it has varying
sensitivity for detecting anti-TB drugs resistance. Anyplex II MTB/MDR /XDR
couldn't identify KAN resistant isolate. Accordingly, another method of
phenotypic susceptibility test is required with Anyplex negative or drugsusceptible results.

For that reason, REMA will be the most suitable method in this situation, due to
its rapid results and economic advantage in cost over the PM.
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