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ABSTRACT

Background and Objectives: Tuberculosis (TB) is an infectious disease that is among the most common in the world and
is a leading cause of high mortality and morbidity. In India, there is very limited data on second line drug susceptibility
testing. The aim of the study was to find out the prevalence of Multi Drug Resistant (MDR) isolates among Mycobacterium
tuberculosis (MTB) complex strains and to assess the sensitivity pattern to four commonly used 2™ line anti-tubercular drugs
irrespective of their MDR status.

Materials and Methods: A 61 culture-positive strains of the tuberculosis complex (smear positive or negative) in Myco-
bacterium Growth Indicator Tube (MGIT) and Lowenstein Jensen (LJ) from various clinical samples were included. We
performed MGIT 1% and 2" line susceptibility testing for tuberculosis.

Results: Among the 61 isolates, 12 (19.6%) were multi drug resistant. Capreomycin resistance was observed in 17 (27.8%)
isolates, kanamycin resistance in 30 (49.1%), ofloxacin resistance in 5 (8.1%), and ethionamide resistance in 6 (9.8%) iso-
lates. Resistance to kanamycin and ethionamide was more common among patients with multi drug resistant tuberculosis
(MDR-TB) than among those with non-MDR-TB.

Conclusion: The MGIT system has surpassed solid culture and is an excellent method for performing culture and drug sen-
sitivity testing for tuberculosis. However, its use remains limited by economic and logistical challenges. The high prevalence
of aminoglycoside resistance suggests the need to preserve these drugs for treating patients with MDR-TB.
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INTRODUCTION defined as resistance to both isoniazid and rifampicin
and is more difficult to cure. In fact, it requires a long

Tuberculosis TB is one of the most common in-  treatment. Further, this treatment is with expensive
fectious diseases globally and is a major cause of  and often toxic multidrug regimens (2). According
high mortality and morbidity (1). A major aim of the  to estimates given by WHO, there were 9.6 million
DOTS strategy is to prevent the development of Mul- new TB cases and 4,80,000 new cases of MDR-TB
tidrug Resistant Tuberculosis (MDR- TB), which is in 2015. Most of these occurred in Asia and Africa.
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SECOND LINE ANTI-TUBERCULAR DRUG SUSCEPTIBILITY

In 2015, the approximate number of people who died
due to TB was 1.4 million. In 2006, WHO gave a
definition of Extensively Drug Resistant Tuberculo-
sis (XDR-TB). XDR-TB is a more dangerous strain
of Mycobacterium tuberculosis which is resistant to
isoniazid, rifampicin, at least one second-line inject-
able drug and one fluoroquinolone (3). In 2021, WHO
revised the definition of XDR-TB. It now states that
XDR-TB is TB caused by M. tuberculosis strains that
meet the definition of MDR/RR-TB, but it is also re-
sistant to any fluoroquinolone and at least one addi-
tional Group A drug. Group A drugs, which include
levofloxacin, moxifloxacin, bedaquiline, and linezol-
id, are the most potent group of second-line medi-
cines. They are core agents in the longer treatment
regimens used for drug-resistant TB (4).

According to the Global TB Report 2021, the esti-
mated incidence of TB in India for 2020 was 188 per
100,000 population (uncertainty interval: 129-257).
In 2021, the number of incident TB patients noti-
fied (new & relapse) was 19,33,381, which was 19%
higher than the 16,28,161 cases notified in 2020. In
2020, the mortality rate for all types of tuberculosis
was about 37 per 100,000 people (34-40 per 100,000
people). According to the Global TB Report 2021,
an estimated 4 people per 100,000 population were
started on treatment for MDR-TB, compared to 1 per
100,000 for XDR-TB (5).

The treatment for XDR-TB is more complicated
and requires the availability of second line anti-tu-
berculosis drug and the related antimicrobial suscep-
tibility testing. Empirical treatment for tuberculosis
is usually practiced before susceptibility testing re-
sults are available. Reducing mortality, morbidity,
and transmission are the benefits of knowing the
results before treatment. Knowing the local suscep-
tibility pattern is immensely helpful for empirical
treatment in MDR and XDR-TB (3). In the past, drug
susceptibility testing was performed on specimens
cultured on solid media, such as Lowenstein-Jensen
(LJ) media. This method is labour intensive, less
sensitive and more time consuming when compared
to the newer liquid culture method, MGIT (Myco-
bacterial Growth Indicator Tube) (6). In, India, data
regarding second line drug susceptibility testing is
very limited (2). In this study we aim to determine the
prevalence of MDR isolates among strains of MTB
complex by using MGIT and to evaluate the sensi-
tivity pattern to the four commonly used 2 line an-
ti-tubercular drugs irrespective of their MDR status.

http://ijm.tums.ac.ir

MATERIALS AND METHODS

This study was conducted in a 2000 bedded tertia-
ry care hospital at Bangalore, India. The study took
place at microbiology department after obtaining
clearance from the ethical committee. This hospital
has been using the MGIT since 2012, for culture and
first-line susceptibility testing for MTB. The study
included 61 culture-positive (smear-positive/negative)
isolates of the Mycobacterium tuberculosis complex,
identified by both MGIT and LJ culture, from various
clinical samples. Second line susceptibility testing for
tuberculosis was initiated at our hospital and was a
part of the study.

Inclusion criteria. All 61 culture-positive Myco-
bacterium tuberculosis complex isolates as well as
both pulmonary and extrapulmonary specimens were
included.

Exclusion criteria.  Specimens that were
smear-positive or PCR-positive but culture-negative
were excluded from the study.

Study design. Descriptive study.

Ziehl Neelsen staining and culture by MGIT and LJ
were done on 418 samples. Culture was done after the
NALC method of decontamination. Samplesthat yield-
ed growth on LJ or MGIT were confirmed to be MTB
complex by MPT 64 card test and were then subjected
to first-line and second-line drug sensitivity testing.

Drug susceptibility testing. The strains isolated
and identified as Mycobacterium tuberculosis were
subjected to drug susceptibility testing by Manual Mi-
cro-MGIT (Becton Dickinson Microbiology System,
Sparks, NV, USA). The raw powder for capreomycin,
ethionamide, ofloxacin, and kanamycin was obtained
from Sigma-Aldrich (USA). Lyophilized drugs were
obtained from BD (Becton, Dickinson and Company,
USA). The critical concentrations used for first- and
second-line drug susceptibility testing were as fol-
lows: rifampicin (1 pg/mL), isoniazid (0.1 pg/mL),
capreomycin (2.5 ug/mL), ethionamide (5 pg/mL),
kanamycin (2.5 pg/mL), and ofloxacin (2 pg/mL).

Procedure. All drugs were obtained in chemical-
ly pure powder, which was weighed and dissolved
as follows: kanamycin and capreomycin in sterile
distilled water, ofloxacin in 0.IN NaOH, and ethio-
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namide in dimethyl sulfoxide. We prepared a stock
solution of 1000pg/ml and stored it at -20°C for no
more than 6 months. A final stock solution of 2.5 pg/
ml was prepared. Then, 200 ul of this stock solution
was aliquoted into small sterile containers and was
stored at -20°C. The other stock solutions were stored
at -70°C with a maximum shelf life of six months.

The lyophilized drugs (BD) for rifampicin, isonia-
zid, ofloxacin and capreomycin were reconstituted as
per the manufacturer’s instructions by addition of 4
ml of sterile distilled water.

After isolation and identification, the strains were
subjected to drug susceptibility testing by MGIT (ac-
cording to the manufacturer’s instructions). 100 ul of
the respective drug was added to the MGIT tubes for
drug susceptibility testing, along with a growth con-
trol tube without drug which was taken as control.
Each batch of the new drug was subjected to quality
control tests using the H37Rv (ATCC 27294) strain. If
this strain was resistant to any, all tests of that batch
were repeated.

RESULTS

Among the 61 culture-positive samples, the break-
down was as follows: 33 were pulmonary (18 bron-
choalveolar lavage, 14 sputum and one gastric aspi-
rate) and 28 were extrapulmonary samples (including
pus, tissue, ascitic fluid, pleural fluid, bone marrow,
CSF). Of the isolates, 38 (62.3%) were from male pa-
tients and 23 (37.7%) were from female patients. The
majority of the positive cases were found in 20-30 and
>50-year age groups, as shown in Fig. 1.

Comparison of direct microscopy with culture.
Among the 61 culture-positive samples, 13 (21.3%)
were negative by smear microscopy. Of these
smear-negative samples, 11 were extrapulmonary
specimens (pus, tissue, CSF and bone marrow), and
the remaining two were pulmonary specimens.

Comparison of GeneXpert and culture. Among
the culture positive samples, GeneXpert was done
for 23 samples (11 pulmonary, 12 extrapulmonary).
Three samples (tissue, pus, sputum) gave discordant
results by GeneXpert when compared to culture.
Among the three samples, the tissue and sputum sam-
ples were smear-negative, while the pus specimen was
smear-positive. Further analysis of the discordant re-

938 IRAN. J. MICROBIOL. \Volume 17 Number 6 (December 2025) 936-941

sults is shown in Table 1.

Among the 61 isolates, 12 (19.6%) were found to
be multi drug resistant. Isoniazid monoresistance was
seen in 10 (16.4%) samples while rifampicin monore-
sistance was not observed in any of the samples. Sec-
ond line drug susceptibility among the 61 isolates is
shown in Table 2.

Among the 12 MDR strains, resistance to capreomy-
cin, kanamycin, ofloxacin, and ethionamide was ob-
served in 6 (50%), 9 (75%), 2 (16.7%), and 4 (33.3%)
isolates, respectively. The drug susceptibility testing
results for capreomycin and ofloxacin showed 100%
correlation between the powder and lyophilized drug
formulations. The difference in drug resistance pat-
terns between MDR and non-MDR-TB is shown in
Table 3. The difference in drug resistance patterns be-
tween XDR and non-XDR-TB is shown in Table 4.
Resistance to multiple second-line drugs among MDR
TB patients is shown in Table 5.
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Fig. 1. Age wise distribution of the patients

Table 1. Analysis of discordant results (culture positive and
GeneXpert negative)

GeneXprt Sample AFB Possible reasons for

ID smear discordance
GX 12 Tissue - Blood stained
GX28 Sputum - Not Known. Sample was repeated

with additional processing steps
and still negative

GX54 Pus + Blood stained

Table 2. Capreomycin, ofloxacin, kanamycin and ethion-
amide sensitivity pattern

Drug Resistant ~ Sensitive  Monoresistance
Capreomycin 17 (27.8%) 44 (72.1%) 1(1.63%)
Ofloxacin 5(8.1%) 56 (91.8%) 2 (3.27%)
Kanamycin 30 (49.1%) 31(50.81%) 11 (18.03%)
Ethionamide 6(9.83%) 55 (90.1%) nil
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Table 3. Comparison of drug resistance percentages be-
tween non MDR -Mtb and MDR -Mtb

Drugs Non MDR Mtb  MDR Mtb  Pvalue
N=49 N=12
Fluroguinolones: 3 2 0.23
Ofloxacin
Injectable antitubercular drugs

Capreomycin 11 6 0.09
Kanamycin 21 9 0.04

Other second line Antitubercular Drug
Ethionamide 2 4 0.002

Table 4. Comparison of drug resistance percentages between
non-XDR Mths and XDR -Mths among MDR isolates

Drugs Non XDR Mtb  XDR Mtb  Pvalue
N=10 N=2
Fluroguinolones: 0 2
Ofloxacin
Injectable antitubercular drugs

Capreomycin 5 1 1.000
kanamycin 7 2 0.4

Other second line Antitubercular Drug
Ethionamide 3 1 0.6

Table 5. Percentage of resistance to multiple second line
drugs among MDR-TB patients

Drugs N (12) %
Two drugs

CAP + KM 6 50
CAP +ETH 4 333
Three Drugs

CAP + ETH +KM 4 333
XDRTB

MDR+KM+OFLX+_ETH 2 16.7

MDR TB- Multi drug Resistant Tuberculosis, KM- kanamy-
cin, CAP- capreomycin, ETH- Ethionamide, OFLX- Oflox-
acin

DISCUSSION

This study was performed to assess second-line
drug susceptibility among patients with tuberculosis.
Rapid and accurate second-line drug susceptibility
testing is extremely important for the timely initia-
tion of an appropriate antituberculosis regimen. The
rising number of drug-resistant strains of MTB has

http://ijm.tums.ac.ir

accelerated efforts to develop more rapid and accu-
rate methods for susceptibility testing (7). The MGIT
is one of the most reliable methods for susceptibili-
ty testing; its lack of radioactivity, noninvasive na-
ture, and labor-saving design make it a better option
than the BACTEC 460 TB system. In this method , a
strain is defined as resistant if relative growth in the
drug containing tube equals or exceeds that in the
growth control tube (GC) and susceptible ,if the rel-
ative growth is less than the growth in GC tube (8).

In this study, the prevalence of MDR strains among
the positive samples was 19.6%. This finding is con-
cordant with a study conducted in India by Lohiya
et al., which reported an MDR-TB prevalence of
26.7% (9). According to WHO data from 2021, the
vast majority of TB cases were from eight countries,
which included India (28%), Indonesia (9.2%), China
(7.4%), the Philippines (7%), Pakistan (5.8%), Nige-
ria (4.4%), Bangladesh (3.6%), and the Democratic
Republic of Congo (2.9%) (10).

During the course of the study, second line sus-
ceptibility testing was done for all the positive sam-
ples irrespective of their resistance status. Among
the four second-line drugs tested, ofloxacin and ka-
namycin resistance was seen in 16.7% and 75% of
the MDR isolates respectively. Ofloxacin resistance
among MDR isolates in other studies varied, with re-
ported rates of 0% in Tanzania (11), 30.2% in Taiwan
(3), and 41.5 % in China (12). Ofloxacin resistance in
our study (16.7%) was concordant with another study
conducted in India by ParamaShivan et al. (2), which
showed an ofloxacin resistance of 16.4% among
MDR isolates. Our study showed a surprisingly high
prevalence of kanamycin resistance among both
MDR and non-MDR isolates, amounting to 75% and
42.9%, respectively. This finding is discordant with
other studies, which reported relatively low kanamy-
cin resistance, ranging from 5% to 17% (11, 12). The
detection of resistance to either ofloxacin or kanamy-
cin is highly significant, as suggested by Mlambo et
al., because patients with such resistance are at high
risk of developing XDR-TB if not managed appro-
priately (13). Kanamycin resistance was significantly
more common among patients with MDR-TB than
among those with non-MDR-TB (p < 0.05).

Similar to kanamycin, capreomycin resistance
among MDR isolates was also high, at 50%. This
finding was discordant with the study conducted in
China, which showed that 20.3% of the MDR isolates
were resistant to capreomycin (12). The detection of
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capreomycin resistance is immensely significant be-
cause it is associated with early mortality in XDR-
TB patients. Although capreomycin resistance was
very high, there was no difference in its resistance
pattern between MDR and non-MDR-TB patients.
The prevalence of ethionamide resistance among
MDR isolates in our study (33.3%) was similar to
the 30.2% reported by Kuo et al. (3). Ethionamide
resistance was significantly more common among
patients with MDR-TB than among those with non-
MDR-TB (p < 0.05).

Although our study was based on samples that
were culture-positive by MGIT, GeneXpert was also
performed on a subset of 23 of these culture-positive
samples. Three samples yielded discordant (nega-
tive) results compared to culture. Among the three
discordant results, two samples were blood-stained.
Other studies have explained the limitations asso-
ciated with PCR when biological inhibitors, such
as blood, are present in samples (14). In their study,
Khan et al. noted that false negatives in GeneXpert
can be reduced by using an extended processing step
(15). However, in our study, the GenXpert results of
the blood-stained samples remained negative even
after an extended processing step.

CONCLUSION

To the best of our knowledge, this is one of the very
few studies from southern India reporting on sec-
ond-line drug susceptibility for tuberculosis. Among
the 61 isolates, 12 (19.6%) were found to be multi
drug resistant. Aminoglycoside resistance was found
to be very high in our study when compared to other
published studies. Kanamycin and ethionamide resis-
tance were more commonly observed among MDR-
TB patients than among non-MDR-TB patients. The
uptake of second-line DST remains limited by eco-
nomic and logistical challenges. Second-line DST
costs more than other TB diagnostics and requires
specialized laboratory facilities, expertise, and in-
frastructure to transport specimens and relay results
(16).
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