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a b s t r a c t

Multidrug resistant (MDR) and extensively drug resistant tuberculosis (TB) are a threat to the TB control
programs in developing countries, and the situation is worsened by the human immunodeficiency virus
(HIV) pandemic. This study was performed to correlate treatment outcome with the resistance patterns
in HIV-seropositive patients coinfected with pulmonary TB. Sputum specimens were collected from
1643 HIV-seropositive patients and subjected to microscopy and liquid culture for TB. The smear- and
culture-positiveMycobacterium tuberculosis isolates were subjected to GenotypeMTBDRplus assay version
2.0. The M. tuberculosis culture-positivity rate was 39.44% (648/1643) among the 1643 HIV-seropositive
patients and the overall MDR-TB rate was 5.6% (36/648). There were 421 newly diagnosed and 227 previ-
ously treated patients, amongwhom,MDR-TBwas associatedwith 2.9% and 10.57% cases, respectively. The
rate of rifampicin monoresistant TB among the cases of MDR-TB was 2.31% (15/648) and the rate of com-
bined rifampicin and isoniazid resistance was 3.24% (21/648). The cure and death rates among the 20 reg-
istered cases were 30% (6/20) and 35% (7/20), respectively. Five cases were on treatment and two cases
were defaulters among the 20 registered cases. High death rate (13, 36.1%, 95% confidence interval 20.8–
53.8) was observed in this study among the patients who had mutations at the 530–533 codons. The pre-
sent study emphasized the prerequisite to monitor the trend of drug-resistant TB in various mutant pop-
ulations in order to timely implement appropriate interventions to curb the threat of MDR-TB.
� 2017 Ministry of Health, Saudi Arabia. Published by Elsevier Ltd. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The convoluted linkage of tuberculosis (TB) and human immun-
odeficiency virus (HIV) infection for nearly the past three decades
poses a major threat to the international community. Globally, the
numbers of HIV-infected persons estimated to have associated
(usually latent) infection with Mycobacterium tuberculosis vary
from 14% in Europe to 46% in Southeast Asia [1]. Nearly one of
three TB-related deaths (29%) worldwide is considered to be
related to HIV infection, and TB contributes to 26% of the estimated
deaths due to HIV infection [2]. India has the highest burden of TB
globally and the third largest number of people living with HIV; it
also ranks third in the world for HIV-associated TB. An estimated
120,000 HIV-positive TB cases have occurred in 2.1 million HIV-
positive cases in India [3]. The distribution of HIV-associated TB

closely follows the spread of the HIV epidemic. In 2013, 44,604
patients with HIV-associated TB were detected through HIV testing
of TB patients and intensified case finding at HIV care and treat-
ment centers. However, this represents only about 35% of the esti-
mated burden in India. Currently, the six highest HIV prevalence
states contribute about 75% of the detection. Thus, a gap exists in
detection of HIV-associated TB across the country, but particularly
more in historically low HIV prevalence states [4–6]. While TB is
endemic across India, the HIV epidemic is concentrated in six out
of 35 states and union territories in the country including Andhra
Pradesh, Karnataka, Maharashtra, Tamil Nadu, Manipur, and Naga-
land. These states have a HIV prevalence of around 1% among preg-
nant women attending the antenatal clinics. The burden of HIV-
associated TB closely follows the distribution of the HIV epidemic
in the country, and >75% of patients with HIV-associated TB are
located in just the six states mentioned above [7].

Diagnosis of active TB disease in HIV-infected persons is diffi-
cult, as the patients with HIV-associated TB have fewer bacilli in
their sputum [8] than do HIV-uninfected patients with pulmonary
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TB. In addition, it has been observed that presence of a cough for
13 weeks is not sensitive enough on its own as a symptom of TB
in HIV-infected patients [9]. Since diagnosis in most regions
depends on microscopic examination of Ziehl-Neelsen-stained
sputum smears, which has low sensitivity among HIV-infected per-
sons, most HIV-infected patients are not tested with the standard
diagnostic methodology. The specific impact of methods that opti-
mize the use of smear microscopy, such as sputum processing (liq-
uefaction or concentration through sedimentation) and the use of
fluorescence microscopy is not well understood for HIV-infected
persons. Mycobacterial culture is the gold standard for TB diagno-
sis and is now routinely recommended to assist the diagnosis of TB
in HIV-infected patients [10], although it is slow.

People with HIV are increasingly infected with TB because HIV
weakens their immune system [11]. HIV/AIDS fuels the TB epi-
demics in many ways, such as promoting progression to active
TB, increasing the risk of reactivation of latent TB infection, as well
as increasing the chance of TB once exposed to M. tuberculosis
[12,13]. The emergence of multi-drug resistant (MDR)-TB further
complicates the situation and threatens to jeopardize all the prior
gains by global TB control programs in recent years. The situation
of TB is further threatened by the devastating effect of HIV on TB
susceptibility, and the rapid expansion of MDR-TB threatens to
undermine the advances made by TB management programs
[14]. The prevalence of MDR-TB in HIV patients in care and receiv-
ing treatment in Puducherry is not known. In the setting of an
intensive TB screening program using molecular assays, mycobac-
terial culture, and drug susceptibility testing for all patients, our
objectives were to assess the prevalence of antibiotic-resistant
TB, and to describe the resistance patterns in TB patients com-
mencing antiretroviral therapy in attending care and treatment
clinic in Puducherry, South India.

2. Materials and methods

The study was retrospectively carried out from October 2012 to
December 2015 for a span of 39 months. Sputum samples of HIV-
seropositive patients were received through a cold chain mecha-
nism from eight medical colleges, government hospitals, and pri-
mary health centers in Puducherry State and were assigned
laboratory numbers to process the samples in the Intermediate
Reference Laboratory at the Government Hospital for Chest Dis-
eases. The study was done in a blinded manner in which the clin-
ical diagnosis was not available to the laboratory personnel.
Approximately 1643 sputum samples from various age groups
included 59 � 15 years, 1158 > 15 years to �45 years,
378 > 45 years to �60 years, and 48 > 60 years (Table 1). The
smear-positive samples in fluorescence microscopy were directly
processed by GenoType MTBDRplus assay version 2.0 (Hain Life-
science, Nehren, German [15]) and all the samples were processed
in the BACTEC MGIT 960 system. The culture-positive tubes of
smear negative samples were also processed for the by GenoType
MTBDRplus assay version 2.0.

2.1. Sputum smear microscopy

As soon as the sputum samples were received at the Intermedi-
ate Reference Laboratory, they were decontaminated and concen-
trated by the standard N-acetyl-l-cysteine-NaOH method [16].
The deposits were used for smear preparation and air-dried slides
were subjected to fluorescent staining. The stained slides were
scanned by fluorescence microscopy at 40� magnification [17].

2.2. Primary culture inoculation and identification of mycobacterial
species

All sputum specimens were digested and decontaminated by
the standard N-acetyl-l-cysteine-NaOH method [16]. The sediment
was suspended in 1 mL sterile phosphate-buffered saline (pH 6.8)
and 0.5 mL of the processed specimen was inoculated into MGIT
960 vials supplemented as described by the manufacturer [18].
All inoculated MGIT tubes were incubated in the MGIT 960 instru-
ment either until they were flagged positive by the instrument or
for a maximum of 6 weeks. All positive MGIT vials were confirmed
for acid-fast bacilli by Ziehl-Neelsen staining and further subjected
to identification of M. tuberculosis complex by the para-
nitrobenzoic acid assay. Some of the processed specimens was
refrigerated for further use and to rule out discrepant results. Spe-
cies identification was based on observation of cultural character-
istics and biochemical tests. Procedures were adopted to
differentiate mycobacteria at species level only [19].

2.3. GenoType MTBDRplus assay version 2.0

The GenoType MTBDRplus version 2.0 assay testing was accom-
plished in accordance with the manufacturer’s recommendations
and the manufacturer-trained laboratory staff members. The test
is based on DNA strip technology and has three steps: DNA extrac-
tion, multiplex PCR amplification, and reverse hybridization
[20,21]. All three steps were performed as per the World Health
Organization recommendations [22,23].

3. Results

Sputum specimens were obtained from a total of 1643 patients
clinically suspected of pulmonary TB prospectively enrolled in this
study. There were 1099 (66.89%) men and 544 (33.11%) women.
Patients of all age groups were enrolled, and most patients
(1158; 70.48%) were aged 15–45 years, however, there was no sig-
nificant preponderance of TB in any specific age group (Table 1).

The sputum smear positivity rate was 39.81% (654 of 1643 sam-
ples) and culture positivity by liquid culture was 40.9% (672 of
1643 samples). Among the positive cultures, there were 648
(39.44%) isolates of M. tuberculosis and 24 (1.46%) isolates of non-
tuberculous mycobacteria (Fig. 1). The 648 isolates of M. tuberculo-
sis were subjected to Genotype MTBDRplus assay version 2.0.
Among the 648 culture-positive M. tuberculosis isolates there were
421 newly diagnosed cases that had never received treatment for
TB or had taken anti-TB treatment for <1 month, while 227
patients gave a history of previous anti-TB treatment for >1 month,
of which 59 were treatment failures, 31 relapses after treatment,
18 defaulters during treatment, and 119 patients who did not pro-
vide sufficient history to be categorized into any group.

The patients in all age groups of culture positives were enrolled
for Genotype MTBDR assay version 2.0 and most of the rifampicin-
resistant TB patients 72.22% (26/36) were aged 15–45 years. The
resistant pattern of 81-bp regions of rpoB gene by Genotype
MTBDRplus assay was illutrated in Fig. 2. The total resistance to
rifampicin was 5.55% (n = 36) and Table 2 shows the resistance

Table 1
Details of multidrug-resistant suspect samples among the human-immunodeficiency-
virus-seropositive cases in different geographical areas.

Name of state and Referring
Center

Patient age

�15
y

>15 y
to � 45 y

> 45 y
to � 60 y

> 60
y

Puducherry 22 128 45 3
Tamil Nadu 37 1002 322 45
Referral of Medical Colleges – 28 11 –
Total 59 1158 378 48
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