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Background: Tuberculosis (TB) remains a significant cause of mortality globally, with India accounting for 27% of
the estimated number of people with TB. Multidrug-resistant TB (MDR-TB) and isoniazid (INH) resistance pose
additional challenges to effective treatment. We aimed to describe treatment outcomes of INH mono-resistant TB
patients under programmatic conditions in Mumbai, India.

Methods: This retrospective cohort study was conducted at Shatabdi Hospital in Mumbai between 2019-2021.We
described the clinical and demographic characteristics, treatment outcomes, and risk factors for unfavourable
outcomes among patients with INH mono-resistant TB treated with rifampicin, ethambutol, pyrazinamide, and
levofloxacin (LfxREZ) for a duration of 6 months.

Results: Among 3105 patients with drug-resistant TB initiated on treatment, 217 (7 %) had INH mono-resistant
TB. Of these, 54 % (117/217) were female, with a median age of 26 years (interquartile range: 20-40). The
majority (88 %; 191/217) presented with pulmonary TB, and most (87 %; 188/217) had favourable treatment
outcomes, including treatment completion (52 %; 112/217) and cure (35 %; 76/217). Unfavourable outcomes,
including treatment failure (2.3 %; 5/217), loss to follow-up (9.2 %; 20/217), or death (1.8 %; 4/217), were
observed in 13 % (29/217) of patients. A total of ten (5 %) patients experienced at least one non-severe adverse
drug reaction. Factors associated with unfavourable outcomes included severe thinness (p = 0.019) and male
gender (p = 0.012).

Conclusion: Treating INH mono-resistant patients with LEXREZ resulted in satisfactory outcomes and low toxicity.
It is important to rule out drug resistance to INH while determining the treatment regimen.

1. Introduction

Worldwide, an estimated 10.6 million people developed tuberculosis
(TB) and 1.3 million died of TB in 2022, India accounting for 27 % of the
estimated number of people with TB [1].

Globally, an estimated 410,000 people developed multidrug-
resistant (MDR) or rifampicin-resistant TB in 2022 [1]. Isoniazid
(INH) is an important first-line anti-TB drug because of its potent early
bactericidal activity against rapidly dividing cells. There were an
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estimated 1.3 million incident cases of isoniazid-resistant TB in 2022,
including people with both rifampicin-susceptible (INH mono-
resistance) and rifampicin-resistant TB (MDR) [1]. The National Drug
Resistance Survey 2014-16 in India reported any isoniazid resistance,
including INH mono-resistance in 11.1 % (95 % confidence interval (CI):
10.0-12.2) of new and 25.1 % (95 % CI: 23.1-27.1) of previously treated
TB patients, while INH mono-resistance was observed in 3.9 % (95 % CI:
3.2-4.6) and 7.6 % (95 % CL: 6.5-8.9) of new and previously treated TB
patients, respectively [2].
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Detecting drug resistance early in TB patients is essential for starting
the right treatment and improving treatment success rates. In India, the
National TB Elimination Programme (NTEP) has developed an inte-
grated algorithm for identifying and managing drug-resistant TB,
relying on drug susceptibility testing (DST). For patients with confirmed
TB, a first-line line-probe assay (LPA) is conducted to identify INH
resistance. Subsequently, a second-line LPA is conducted to identify
resistance to fluoroquinolones (FQ) and aminoglycosides [3,4]. How-
ever, the lack of access to Cartridge Based Nucleic Acid Amplification
Test (CBNAAT) and LPA in most diagnostic centers, peripheral labora-
tories, and the large private sector market has resulted in big diagnostic
gap and consequently, a low detection rate of MDR-TB cases in India [5].

Updated World Health Organization (WHO) 2022 guidelines
recommend treating INH-mono resistant patients with rifampicin,
ethambutol, pyrazinamide, and levofloxacin (LfxREZ) for a duration of
6 months [6]. Correspondingly, the Indian guidelines for the program-
matic management of drug-resistant tuberculosis (DR-TB) also recom-
mend the use of LfxREZ for 6 or 9 months in the management of INH-
mono resistant patients [4].

Patients with INH mono-resistance TB exhibited notably poor
treatment outcomes. A meta-analysis including 25 studies from 47
countries showed that the pooled successful treatment rate among pa-
tients with INH mono-resistance was 78 % (95 % Confidence Interval
(95 % CI); 74 % — 83 %) [7]. Whereas the pooled treatment success rates
from the three Southeast Asian countries was 62 % (95 % CI: 56-69) and
the pooled success rates from the African region, Region of the Americas,
Eastern Mediterranean Region, European Region, West Pacific Region
was 67 %, 84 %, 75 %, 84 %, and 82 % respectively [7].

According to the India TB Report 2023, the treatment success rate
among 16,186 patients with INH mono/poly resistance treated with
LfxREZ in 2021 was 82 % [8]. Similarly, a study conducted in India
showed an 82 % treatment success rate among patients with pulmonary
isoniazid-resistant TB treated with a levofloxacin-based regimen [9].

In three separate studies conducted in India by Garg et al., Hymn
et al., and Nagar et al., the treatment success rate among patients with
INH mono-resistance TB treated with levofloxacin-based regimen was
observed to be 65.4 % (34/52), 75.9 % (41/54), and 57.4 % (144/251),
respectively [10-12]. Moreover, in a recent conference presentation, the
LfxREZ regimen demonstrated efficacy with an 83.7 % (82/98) cure rate
in patients with INH mono-resistance [13].

In this retrospective cohort study, we describe the demographic
characteristics, clinical profile, treatment outcomes and risk factors for
unfavourable treatment outcomes among patients with INH mono-
resistant TB initiated on treatment between 2019-2021 at Shatabdi
hospital, M—east ward, Mumbai, India.

2. Methods
2.1. Study design

This is a retrospective cohort study using routinely collected pro-
grammatic data.

2.2. Study setting

Mumbai, home to 12 % of Maharashtra’s population, accounts for 22
% of total TB cases in the state, with M—east ward being one of the
hotspots for TB and drug-resistant TB (DR-TB) [14,15]. This study was
done at the nodal DR-TB centre located in Shatabdi hospital M—east
ward, Mumbai, India which functions as a collaboration site between the
national TB programme and Médecins Sans Frontieres (MSF), to provide
high quality diagnosis, treatment, and follow-up services for DR-TB
patients.
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2.3. Diagnosis and treatment

Diagnosis and treatment were according to the Integrated drug-
resistant TB algorithm described in the Guidelines for the Program-
matic Management of DR-TB in India [4]. Presumptive TB patients un-
derwent the Xpert MTB/RIF assay, followed by first and second-line
probe assay (LPA) for samples with confirmed Mycobacterium tubercu-
losis. All patients who were rifampicin-susceptible on Xpert MTB/RIF
assay and isoniazid-resistant on LPA were diagnosed to have INH mono-
resistant TB and were initiated on a standard 6-month regimen of
LfxREZ. The treatment was monitored with sputum smear and micro-
scopy conducted at months 3, 4, 5, 6 and sputum culture at month 3 and
6 following treatment initiation.

At the MSF outreach clinics patients were assessed for adverse drug
reactions (ADRs) and were referred to Shatabdi out-patient department
in case of severe ADRs.

2.4. Operational definitions and data management and analysis

Routinely collected patient data were entered from patients’ treat-
ment files into a Microsoft Excel spread sheet by trained data entry
operators. Demographic and clinical characteristics were summarized
using frequencies and percentages for categorical variables, and median
and interquartile ranges (IQRs) for continuous variables.

Favourable treatment outcomes were defined as ‘cured’ or
‘completed treatment’. Unfavourable outcomes were defined as ‘treat-
ment failure’, ‘loss to follow-up’ or ‘death’.

Risk factors for unfavourable treatment outcomes, including age,
sex, TB history, TB site, severe thinness (defined as body mass index
(BMI)-for-age Z-score < -3 SD for 11-19 years and BMI of < 16 kg/m?
for > 19 years), diabetes status, and type of mutation in clinical isolates
were explored in a univariate analysis. Risk factors with P < 0.2 in
univariate analysis were further analysed in a multivariable logistic
regression model. All statistical differences were tested using Chi
Square, Fisher Exact, or Kruskal-Wallis rank sum tests, as appropriate.
All estimates were reported with their respective 95 % confidence in-
tervals. P-values below 0.05 were considered statistically significant. All
analyses were performed using R software (version 4.3.2; The R Foun-
dation, Vienna, Austria).

2.5. Ethics

The study received ethics approval from Institutional Ethics Com-
mittee for Research (IECR) of State Health Systems Resource Centre
(SHSRC), Pune, Maharashtra (SHSRC/IECR-4 Approval/743/19). The
study fulfilled the exemption criteria set by the Médecins Sans Frontiéres
(MSF) Ethics Review Board for a posteriori analysis of routinely
collected clinical data and thus did not require MSF ERB full review.
Permission was also sought from the India National Tuberculosis Elim-
ination Programme (NTEP).

3. Results

Between January 2019 to December 2021, 3105 DR-TB patients
were initiated on treatment, of whom 217 (7 %) were diagnosed INH-
Mono-resistant TB; the median (IQR) age was 26 (20-40) years and fe-
males constituted 54 % (117) of the study population. Baseline clinical
and demographic characteristics along with the risk factors for unfav-
ourable treatment outcomes are described in Table 1.

The majority (n = 191, 88 %) of patients had pulmonary TB. A total
of 84 (39 %) patients had a previous history of TB including 80 (37 %)
drug-sensitive TB and 4 (2 %) INH mono-resistant TB.

Of the 217 INH mono-resistant TB patients, 141 (65 %) had katG
mutation, 63 (29 %) had InhA mutation, and 5 (2 %) had both muta-
tions. Mutations of 8 (4 %) isolates were unknown.

Of the 217 INH mono-resistant patients, 188 (87 %) had favourable
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Table 1
Risk factors for unfavourable treatment outcomes among patients with isoniazid mono-resistant tuberculosis, Mumbai India, 2019-2021.
Characteristic Overall, Favourable Unfavourable OR (95 % CI) p-value’ aOoR (95 % CI) p-value’
N =217’ outcomes > outcomes >
N = 188’ N =29'
Age group (in years)
<15 20 (9.2 %) 20 (11 %) 0 (0 %) 0 >0.9
15-<30 106 (49 %) 93 (49 %) 13 (45 %) Ref
30-<45 48 (22 %) 41 (22 %) 7 (24 %) 1.2 (0.4,3.2) 0.7
45-<60 28 (13 %) 21 (11 %) 7 (24 %) 2.4 (0.8,6.6) 0.1
> 60 15 (6.9 %) 13 (6.9 %) 2 (6.9 %) 1.1 (0.2,4.6) >0.9
Median age in years (IQR) 26 (20, 40) 26 (20, 40) 34 (22, 45) 1.02 (0.99,1.04) 0.2 1 (0.97,1.03) 0.8
Gender
Female 117 (54 %) 109 (58 %) 8 (28 %) Ref
Male 100 (46 %) 79 (42 %) 21 (72 %) 3.6 (1.6,9.1) 0.004 3.5(1.4,10.1) 0.012
Tuberculosis history
New 133 (61 %) 118 (63 %) 15 (52 %) Ref
Previously Treated 84 (39 %) 70 (37 %) 14 (48 %) 1.6 (0.7,3.5) 0.3
Type of tuberculosis
Pulmonary 191 (88 %) 165 (88 %) 26 (90 %) Ref
Extrapulmonary 25 (12 %) 22 (12 %) 3 (10 %) 0.9 (0.2,2.7) 0.8
Disseminated 1 (0.5 %) 1 (0.5 %) 0 (0 %) 0 >0.9
Mutation
Only KatG 141 (67 %) 124 (69 %) 17 (61 %) Ref
Only InhA 63 (30 %) 52 (29 %) 11 (39 %) 1.5(0.7,3.5) 0.3
Both 5 (2.4 %) 5 (2.8 %) 0 (0 %) 0 >0.9
Missing data 8 7 1
Diabetes
No 194 (89 %) 170 (90 %) 24 (83 %) Ref
Yes 23 (11 %) 18 (9.6 %) 517 %) 2 (0.6,5.5) 0.2 1.4 (0.4, 4.9) 0.6
HIV status
Negative 215 (99 %) 186 (99 %) 29 (100 %) Ref
Positive 2 (0.9 %) 2 (1.1 %) 0 (0 %) 0 >0.9
Nutritional status
No Severe thinness 151 (74 %) 136 (77 %) 15 (54 %) Ref
Severe thinness 54 (26 %) 41 (23 %) 13 (46 %) 2.9 (1.3,6.6) 0.012 2.8(1.2,6.7) 0.019
Missing data 12 11 1

OR: odds ratio; aOR: adjusted odds ratio; IQR: Interquartile range; Ref: reference category.

L' n (%); Median (IQR).

2
3
4

Favourable outcomes: cure and treatment completion
Unfavourable outcomes: death, loss to follow-up, treatment failure.
Fisher’s exact test; Wilcoxon rank sum test; Pearson’s Chi-squared test.

treatment outcomes, including 112 (52 %) completed treatment and 76
(385 %) cured while 29 (13 %) patients had unfavourable treatment
outcomes; 20 (9.2 %) were lost to follow-up, 5 (2.3 %) failed treatment
and 4 (1.8 %) died. Treatment outcomes are shown in Fig. 1.

Of the 20 lost to follow-up patients, 14 (70 %) were re-engaged and
treated based on drug susceptibility testing (DST) results. The majority
(86 %%; 12/14) of re-engaged patients were again found to be isoniazid-
resistant while the remaining 2 (14 %) had amplification of resistance
with new fluoroquinolone resistance.

Out of 191 pulmonary TB patients, 66 (35 %) had a baseline culture
report, with 55 (83 %) positive at baseline. Of the 55 culture positive
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Fig. 1.

patients, 43 (78 %) had negative culture by six months, 6(11 %) were
lost to follow-up and 6 (11 %) had no culture reports.

Overall, 10 (5 %) patients developed at least one ADR during the
treatment course. Nine patients had musculoskeletal or joint pain, one
vomiting, and one developed peripheral neuropathy.

In the multivariable model, severe thinness (adjusted odd ratio (aOR)
2.8, 95 % CI: 1.2-6.7; p = 0.019) and male gender (aOR 3.5, 95 % CI:
1.4-10.1; p = 0.012) were significantly associated with unfavourable
outcomes (Table 1).

4. Discussion

Our study demonstrated that the LfxREZ regimen is both safe and
effective in treating patients with isoniazid (INH) mono-resistant
tuberculosis (TB) within routine program settings. We found that 87
% of patients achieved favourable treatment outcomes, surpassing the
pooled treatment success rate of 78 % reported in a meta-analysis of 25
studies [7]. Furthermore, our treatment success rates were considerably
better than those reported in three studies from Southeast Asia, which
showed pooled success rates of 62 % [7]. However, it is important to
interpret the comparison cautiously because the meta-analysis includes
studies published from year 2009 to 2022, with varying treatment reg-
imens used. Among the three Southeast Asian studies, two used the
LfxREZ regimen, while regimen 2HRZE/4HR was initially administered
to all patients in one study.

We observed higher treatment success rates compared to three in-
dependent studies conducted in India, which reported treatment out-
comes among patients with INH mono-resistance treated with LEXREZ
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[10-12]. The difference in treatment success rates can be attributed to
small sample size, varying levels of lost to follow-up, and differing
mortality rates across the independent studies.

Our treatment success rates were comparable to those reported in
studies by Velayutham et al., with an 82 % treatment success rate, and
Munje et al., with an 84 % treatment success rate [9,13]. Both of these
studies included INH- resistant patients treated with levofloxacin-based
regimens for six months [9].

Notably, in line with findings from other studies conducted in India,
our study also indicated that male sex was associated with unfavourable
treatment outcomes [9-13].

According to the 2023 India TB report, among the INH mono/poly
resistant TB patients who began treatment under the national program
in 2021, 82 % achieved treatment success, 7 % died, 5 % were lost to
follow-up, and 2 % had treatment failure [8]. Our findings indicated a
lower mortality rate (1.8 %).

Our study has several limitations. Primarily, its reliance on program
data from a single nodal DR-TB centre in Mumbai, India, constrains the
generalizability of our findings to other settings or populations. The
retrospective design of the study introduces inherent challenges related
to data completeness and integrity, potentially affecting the robustness
of our conclusions. Furthermore, the limited number of participants
with HIV (n = 2) and the absence of data on other potential risk factors,
such as alcohol and tobacco use, preclude a comprehensive analysis of
their association with unfavourable outcomes. Nonetheless, despite
these limitations, our study makes a valuable contribution to the field by
providing real-world programmatic data on this relatively understudied
aspect of DR-TB management. Our study reported higher favourable
outcome rates compared to the reported success rate in previous studies
on INH mono-resistant patients given injectable based regimen. This
study adds to the limited evidence on treatment outcomes among INH-
mono resistant patients treated with LfXREZ and highlights the need to
give special attention to males and severely malnourished patients who
were more likely to experience unfavourable treatment outcomes.

Undernutrition and tuberculosis (TB) form a mutually reinforcing
cycle. Undernutrition increases TB risk, while active TB can induce
malnutrition. Moreover, undernutrition increases the risk of drug
toxicity, relapse, and mortality in TB patients [16]. In 2013, WHO
released operational guidelines for the nutritional care and support of
patients with TB[17]. India adapted these guidelines to suit its specific
needs in 2017, introducing India-specific criteria for hospitalization,
expanding nutritional support to patients with moderately severe un-
dernutrition and drug-susceptible TB, and addressing food insecurity in
households affected by TB guidance [18].

Recent trial conducted in India have demonstrated that integrating
nutritional support into patient-centred care for TB improves treatment
outcomes [19].

Our study also found association of severe thinness with the unfav-
ourable outcome. Therefore, we also recommend integration of nutri-
tion support in the management of TB, especially in countries with high
levels of undernutrition like India.

The 2021 Indian guidelines on the Programmatic Management of
Drug-Resistant Tuberculosis (DR-TB) recommend using a first-line line-
probe assay (FL-LPA) to identify INH resistance, and a second-line LPA
to detect resistance to fluoroquinolones (FQ) and aminoglycosides [3,4].
However, there may be several gaps at the national level that need to be
addressed [5].

The widespread adoption of the new Xpert MTB/XDR assay, with
integrated INH resistance testing, promises to significantly enhance the
efficiency of TB diagnosis and improve the management of TB cases,
particularly those involving INH mono-resistance [20,21]. Identifying
INH mono-resistance early allows healthcare providers to tailor treat-
ment regimens more precisely, ensuring patients receive effective
treatment while minimizing the risk of treatment failure and the further
development of drug resistance.

In conclusion, we strongly recommend adopting the LfXREZ regimen
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as the standard treatment for INH mono-resistant TB patients due to its
proven effectiveness with high favourable outcome and safety with very
low adverse drug reaction. Integrating nutritional support into TB
management protocols is crucial for improving patient outcomes. Spe-
cial attention should be given to male patients, who are more likely to
experience unfavourable outcomes. Additionally, scaling up the use of
the Xpert MTB/XDR assay in routine TB programs is essential for effi-
cient diagnosis and early identification of INH mono-resistance,
enabling more precise and effective treatment regimens.
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