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Background: Multidrug-resistant tuberculosis (MDR-TB) represents a significant clinical
and public health challenge worldwide. Out of concern for possible resistance, some
providers prescribe first- and second-line tuberculosis treatment together before
completing drug susceptibility testing (DST), which may increase emergent resistance.

Methods: MDR-TB patients at an Indian referral center were enrolled in an observational
cohort. Participants with drug susceptibility test (DST) results were categorized as
prescribed fluoroquinolones, streptomycin, both, or neither with first-line treatment
before DST. Odds of additional resistance to fluoroquinolones and aminoglycosides
(XDR-TB) were calculated in association with empiric combined first- and second-line
treatment before DST.

Results: Of 494 participants, 130 (26.3%) received a fluoroquinolone or streptomycin
with first-line drugs before DST. Odds of XDR-TB were associated with fluoroquinolone
prescription before DST [odds ratio (OR): 2.19, 95% confidence interval (CI): 1.26–3.76).
The association with XDR-TB persisted in multivariable analysis (adjusted OR: 2.43, 95%
CI: 1.19-4.91). Combined empiric first- and second-line treatment before DST was not
associated with eventual outcomes.

Conclusion: Many participants received empiric combined first- and second-line drugs
before DST, which was associated with XDR-TB. To minimize emerging resistance,
treatment-associated side effects, and provide the best possible care, this approach
should be discouraged in favor of early DST and DST-guided TB treatment.

Keywords: XDR/TB-extensively drug resistance of tuberculosis, drug resistance, fluoroquinolone resistance,
streptomycin, emerging resistance, drug susceptibility testing
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INTRODUCTION

India is home to over a quarter of global tuberculosis, including
multidrug resistant tuberculosis (MDR-TB, resistant to isoniazid
and rifampin) (1). Each year, India has 2.2 million new cases,
over 300,000 deaths, and economic losses of $23 billion from
tuberculosis, making it India’s biggest health crisis prior to the
COVID-19 pandemic (2). While many are infected directly by
drug-resistant strains without ever taking tuberculosis treatment,
MDR-TB can also emerge during treatment with ineffective
drugs, including those prescribed before completing drug
susceptibility testing (DST). To circumvent this problem, some
clinicians add additional tuberculosis drugs to standard first-line
therapy (rifampin, isoniazid, pyrazinamide, and ethambutol,
“HRZE”) to hedge against possible drug resistance. In
Mumbai, it is not uncommon to see prescriptions of first-line
tuberculosis therapy along with a fluoroquinolone or
streptomycin (“HRZE+FQ”, or “HRZE+S”), which risks
“adding a single drug to a failing regimen” in a setting with
high rates of circulating drug resistance to both drug classes (3,
4). Particularly as fluoroquinolones see rising importance as part
of WHO-recommended MDR-TB treatment regimens and
within so-called “universal regimens,” it will be important to
ensure that fluoroquinolone resistance is limited as much as
possible (5, 6). While less frequently employed, streptomycin and
amikacin remain fallback drugs for MDR-TB treatment so
prevention of resistance, as well as toxicity, continues to be
important as well (6). In order to determine the extent to which
empiric simultaneous prescription of fluoroquinolones and
streptomycin with first-line tuberculosis treatment increases
rates of drug resistance and limits future treatment options, we
analyzed data from an ongoing observational cohort of MDR-TB
patients at a referral center in Mumbai.
METHODS

From October 20, 2015–October 20, 2020, adults and adolescents
seeking tuberculosis care at the outpatient chest clinic of the P.D.
Hinduja National Hospital andMedical Research Centre (Hinduja
Hospital) in Mumbai, India were enrolled in a longitudinal
observational cohort study approved by the institutional review
boards at the PDHinduja National Hospital andMedical Research
Centre (884-14-ZFU) and the Johns Hopkins University School of
Medicine (IRB00076738). As a referral center, many of these
patients had been tested or treated for tuberculosis prior to
arriving at Hinduja Hospital, including treatment with
fluoroquinolones or streptomycin (HRZE+FQ, HRZE+S, or
HRZE+FQ+S). Several participants started these regimens
without completing DST to confirm their MDR-TB or starting
MDR-TB-specific treatment regimens. Clinic patients aged 15 or
older with confirmedMDR-TBwere referred by clinicians to study
staff for enrolment in this cohort. After providing written
informed consent (or assent with written consent from a legal
guardian in the case of minors), participants completed structured
interviews at each clinic visit and had their medical histories
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abstracted for this cohort study. The current analysis compares
those MDR-TB patients who received HRZE+FQ, HRZE+S, or
HRZE+FQ+S prior to the identification of their MDR-TB at
Hinduja Hospital to those who only received HRZE prior to the
identification of their MDR-TB.

Data collected included participant demographic information
(age, sex, ethnicity, education level, marital status), contact
history (known contact with drug susceptible or MDR-TB),
clinical history including months between symptom and
diagnosis, months between diagnosis and identification of
MDR-TB, history of tuberculosis treatment (drugs prescribed
and dates of prescription), site of tuberculosis (defined as
pulmonary, extrapulmonary, or both), height, and weight. In
addition, medical records were abstracted to collect laboratory
testing data (HIV status, hemoglobin A1c), smear, culture, Xpert
MTB/RIF, line probe assay, pyrosequencing results (7), and DST
results from mycobacteria growth indicator tubes (MGIT, using
published concentrations (3)). Chest X-rays were scored
according to a validated, standardized method evaluating
percent lung involvement and the presence or absence of a
cavity, represented as a numeric score from 0-140 (8). Body
mass index (BMI) was calculated as kg/m2, and underweight was
defined as enrolment BMI <18.5kg/m2. Diabetes mellitus was
defined as hemoglobin A1c >6.5%. Drug resistance to
fluoroquinolones and second-line injectable drugs (amikacin,
kanamycin, and capreomycin) was primarily assessed by
phenotypic testing in MGIT according to previously published
methods (ofloxacin at 2 µg/mL and moxifloxacin at both 0.5 and
2 µg/mL) (3), though some participants completed DST for these
drugs by line probe assay and pyrosequencing. Resistance to
fluoroquinolones and injectable drugs was considered equivalent
when identified by either phenotypic or molecular DST methods,
with discordance between methods classified as the most
resistant result obtained. While some participants completed
DST more than once, only the first DST completed for each
participant was considered for this analysis. Duration of
treatment prior to DST was measured in months between
prescription and sample collection for DST. Adherence was
not measured directly in this study.

Cohort participants were selected for analysis if they had both
a documented prescription history and DST results available.
Each participant was classified as receiving a later generation
fluoroquinolone, streptomycin, or both in combination with first
line therapy (HRZE) before DST. The primary outcome of
interest was identification of fluoroquinolone or injectable drug
resistance when DST was first performed. Additional outcomes
of interest included resistance to other drugs and final treatment
outcome among participants who had completed treatment at
the time of analysis. Outcome was defined as good (completion
of treatment with or without confirmation that no relapse
occurred within the subsequent 12 months) or bad (death,
relapse, default, or loss to follow-up). Each variable was
stratified by the exposure of interest, and univariable logistic
and linear regressions were constructed for each categorical and
continuous variable, respectively. Variables with clinical or
statistical significance in univariable models were included in
February 2022 | Volume 3 | Article 779084
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multivariable models. Collinearity was assessed by excluding
variables with variance inflation factors ≥2, and the variables
representing extent of pulmonary infection (pulmonary TB, %
lung involvement on X-ray, and cavitary lung disease) were
combined into a single variable of chest X-ray score (8).
Analysis was performed in R (version 3.5.3, R Core Team,
Vienna, Austria).
RESULTS

Of 602 total study participants, 494 had both full prescription
records and DST available for analysis (Figure 1). Overall, 130
(26.3%) received either a fluoroquinolone, streptomycin, or both
along with first-line drugs prior to their first DST. This includes
112 (22.7%) participants receiving fluoroquinolones for a median
of 5.6 months before DST (interquartile range (IQR): 2.1–14.2
months), 48 (9.7%) receiving streptomycin (median 2.8 months,
IQR: 1.4–7.1 months), and 30 (6.1%) receiving both a
fluoroquinolone and streptomycin (median 2.0 months, IQR:
0.5–3.8). Of 112 participants prescribed a fluoroquinolone with
first-line tuberculosis treatment, 57 (51%) were prescribed
moxifloxacin and 55 received levofloxacin.

Of the 494 included participants 472 (95.5%) of initial DST
results performed testing for isoniazid resistance, 470 (95.1%) for
rifampin, 456 (90.5%) for pyrazinamide, 467 (94.5%) for
ethambutol, 476 (96.4%) for fluoroquinolones, 477 (96.6%)
for second-line injectables, 456 (92.3%) for ethionamide, 452
(91.5%) for para-aminosalicylic acid (PAS), 420 (85%) for
clofazimine, and 274 (55.4%) for linezolid. Most participants
completed DST only once (median 1 test, IQR 1-2), which did
Frontiers in Tropical Diseases | www.frontiersin.org 3
not differ according to whether the participant received either a
fluoroquinolone or streptomycin before their first DST (p=0.865
and p=0.739, respectively).

Diabetes and second-line injectable drug resistance were
more frequent among participants prescribed fluoroquinolones
prior to DST compared to those who were not (p=0.019 and
p=0.042, respectively), as was longer time to confirmed MDR-TB
(p<0.001) and extent of radiographic lung involvement
(p=0.005), while prior tuberculosis was less frequent among
those prescribed fluoroquinolones before DST (p=0.001,
Table 1). Similarly, those prescribed streptomycin before DST
had longer time to confirmed MDR-TB (p=0.009), more
extensive radiographic disease (p=0.031), and more frequent
PAS resistance identified at first DST (p=0.041) than those not
prescribed streptomycin before DST. Those prescribed both
fluoroquinolones and streptomycin before DST had more
extensive radiographic involvement (p=0.021) and more
frequent ethambutol resistance (p=0.004) than those not
prescribed those drugs before DST. Cavitary lung disease,
household contacts with tuberculosis, and resistance to
capreomycin and clofazimine at first DST were more frequent
among those prescribed fluoroquinolones before DST, though
these differences were not significant. Time to confirmation of
MDR-TB was longer and PAS resistance more frequent among
those prescribed both fluoroquinolones and streptomycin before
DST, though these results did not reach significance. No other
variables were associated with significant differences by
prescription status.

Univariable analysis found that odds of fluoroquinolone
resistance was associated with underweight [odds ratio (OR):
1.61, 95% confidence interval (CI): 1.02–2.59], known contact
with MDR-TB (OR: 2.29, 95% CI: 1.29–4.32), cavitary lung
disease (OR: 1.64, 95% CI: 1.08–2.49), and less radiographic
involvement (OR for 10% increments:0.13, 95% CI: 0.03–0.25,
Table 2). Although not statistically significant, diabetes was
associated with fluoroquinolone resistance at first DST (OR:
1.86, 95% CI: 0.89–4.06), and history of prior tuberculosis was
associated with lower odds of fluoroquinolone resistance (OR:
0.69, 95% CI: 0.45–1.06). Importantly, neither fluoroquinolone
prescription (OR: 1.35, 95% CI: 0.84–2.24) nor duration of
fluoroquinolone prescr ipt ion were associated with
fluoroquinolone resistance (OR: -0.002, 95% CI: -0.009–0.005).

Univariable odds of injectable resistance at first DST were
associated with fluoroquinolone use prior to DST (OR: 1.76, 95%
CI: 1.04–2.93). While not significant, cavitary lung disease was
associated increased odds of fluoroquinolone resistance (OR:
1.52, 95% CI: 0.90–2.64). Likewise, increased X-ray
involvement (OR for 10% increments of total lung field: 0.06
95% CI: -0.01–0.13) and months of streptomycin use (OR per
month: 0.013, 95% CI: -0.001-0.027) were associated with large,
but non-significant odds of injectable drug resistance (Table 2).

Greater odds of resistance to both a fluoroquinolone and a
second-line injectable drug (XDR-TB) at first DST were
associated with fluoroquinolone use before DST (OR:2.19, 95%
CI:1.26–3.76) and cavitary lung disease (OR: 1.96, 95% CI: 1.07–
3.73). Lower odds of XDR-TB were associated with months of
FIGURE 1 | Participant Inclusion and Analytic Schema. Study flow indicating
the number of participants included at each stage of analysis.
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streptomycin use before DST (OR: 0.01, 95% CI: 0.00-0.03) and
extent of X-ray involvement (OR for 10-point increments: 0.09,
95% CI: 0.01–0.16). A non-significant association was found
between XDR-TB and female sex (OR: 0.64, 95% CI: 0.38–1.07).
Exploratory analysis to identify impact on alternative outcomes
found no significant associations between prescription of either
fluoroquinolones, streptomycin, or both with odds of
streptomycin resistance, good treatment outcome, or death
(Table 3), though prescription of both drugs before DST was
associated with lower odds of ethambutol resistance (OR: 0.78,
95% CI: 0.66-0.91), and higher odds of PAS resistance (OR: 1.19,
Frontiers in Tropical Diseases | www.frontiersin.org 4
95% CI: 1.02-1.39). A similar nonsignificant reduction of odds
was noticed between fluoroquinolone and streptomycin use and
pyrazinamide resistance (OR: 0.86, 95% CI: 0.72-1.01, p=0.075).

Multivariable regression analysis including age, sex,
underweight, contact with MDR-TB, X-ray score, and
treatment before DST found that fluoroquinolone prescription
before DST was associated with increased adjusted odds ratios
(aOR) of XDR-TB (aOR: 2.43, 95% CI: 1.19-4.91), as was higher
X-ray score (aOR: 1.11, 95% CI: 1.01-1.22), while female sex was
associated with decreased odds (aOR: 0.49, 95% CI: 0.25-0.96,
Table 4 and Figure 2). Having a known contact with MDR-TB
TABLE 1 | Participant characteristics, by prescription of fluoroquinolones, streptomycin, both, or neither prior to drug susceptibility testing.

Fluoroquinolone Streptomycin Streptomycin and Fluoroquinolone

Patient
Characteristics

Not Prescribed
Before DST

n=382

Prescribed
Before DST

n=112

p-
value

Not Prescribed
Before DST

n=446

Prescribed
Before DST

n=48

p-
value

Not Prescribed
Before DST

n=469

Prescribed
Before DST

n=25

p-
value

Female Sex, N (%) 243 (63.6) 68 (60.7) 0.655 281 (63.0) 30 (62.5) 1.000 294 (62.7) 17 (68.0) 0.746
Age, Median (IQR)1 27 (22–35) 26 (22–32) 0.211 27 (22–34) 25 (22–30) 0.504 27 (22–34) 25 (21–31) 0.279
Prior TB, N (%)2 116 (30.4) 15 (13.4) 0.001 119 (26.7) 12 (25.0) 0.937 127 (27.1) 4 (16.0) 0.322
Pulmonary TB, N (%) 299 (79.5) 97 (86.6) 0.122 354 (80.5) 42 (87.5) 0.322 373 (80.6) 23 (92.0) 0.245
Underweight, N (%) 113 (39.0) 41 (39.4) 1.000 135 (38.1) 19 (47.5) 0.327 143 (38.4) 11 (50.0) 0.393
Diabetic, N (%)1, 2 33 (22.9) 13 (46.4) 0.019 40 (25.5) 6 (40.0) 0.363 43 (25.9) 3 (50.0) 0.401
Months from TB to
DST, Median (IQR)2

1.0 (0.0–3.0) 3.0 (1.0–5.0) <0.001 1.0 (0.0–3.0) 3.0 (1.0–6.0) 0.009 1.0 (0.0–3.3) 2.0 (2.0–5.0) 0.059

Contact with TB, N
(%)

89 (23.3) 37 (33.0) 0.051 114 (25.6) 12 (25.0) 1.000 119 (25.4) 7 (28.0) 0.954

Contact with MDR-
TB, N (%)3

61 (17.4) 26 (24.5) 0.133 83 (20.0) 4 (9.3) 0.133 85 (19.6) 2 (8.7) 0.306

X-Ray Features
Cavity, N (%) 179 (54.2) 65 (65.0) 0.074 216 (55.7) 28 (66.7) 0.229 228 (56.0) 16 (69.6) 0.289
% Lung Involvement,
Median (IQR)1-2

10 (0–30) 10 (0–30) 0.620 10 (0–30) 20 (3–40) 0.036 10 (0–30) 20 (3.5–40) 0.147

X-ray Score, Median
(IQR)1-2

30 (5–65) 56 (10–70) 0.005 30 (5.0–67.3) 60 (15–80) 0.031 30 (5–68) 60 (22.5–85) 0.021

Resistance
Pyrazinamide, N (%) 277 (80.3) 78 (78.0) 0.718 319 (79.6) 36 (81.8) 0.875 340 (80.6) 15 (65.2) 0.129
Ethambutol, N (%)2 295 (82.6) 88 (81.5) 0.896 347 (82.8) 36 (78.3) 0.572 369 (83.7) 14 (58.3) 0.004
Fluoroquinolones,
N (%)

251 (67.8) 77 (74.0) 0.276 297 (69.4) 31 (67.4) 0.911 313 (69.4) 15 (65.2) 0.847

Amikacin, N (%)2 34 (10.2) 17 (18.7) 0.042 44 (11.4) 7 (17.9) 0.347 49 (12.1) 2 (10.5) 1.000
Kanamycin, N (%)2 55 (15.0) 26 (25.2) 0.022 71 (16.7) 10 (22.7) 0.422 77 (17.2) 4 (18.2) 1.000
Capreomycin, N (%) 32 (9.2) 16 (16.3) 0.071 42 (10.4) 6 (14.6) 0.573 47 (11.1) 1 (4.8) 0.579
2nd-line Injectable
Drug2,4

58 (15.3) 27 (24.1) 0.042 75 (16.9) 10 (20.8) 0.628 81 (17.3) 4 (16.0) 1.000

Linezolid, N (%) 5 (2.2) 2 (4.1) 0.808 7 (2.8) 0 (0.0) 0.985 7 (2.7) 0 (0.0) 1.000
Clofazimine, N (%) 5 (1.5) 5 (5.5) 0.072 8 (2.1) 2 (5.6) 0.466 9 (2.2) 1 (5.9) 0.880
PAS, N (%)2 49 (14.1) 21 (20.6) 0.150 58 (14.3) 12 (27.3) 0.041 63 (14.7) 7 (31.8) 0.063
Ethionamide, N (%) 194 (55.0) 59 (58.4) 0.615 229 (55.9) 24 (54.5) 0.995 242 (55.9) 11 (52.4) 0.927
First DST Profile2 0.011 0.516 0.983
MDR, N (%)3 104 (27.8) 23 (21.1) 116 (26.5) 11 (24.4) 121 (26.3) 6 (26.1)
Pre-XDR, N (%) 226 (60.4) 61 (56.0) 262 (59.8) 25 (55.6) 273 (59.3) 14 (60.9)
XDR, N (%) 44 (11.8) 25 (22.9) 60 (13.7) 9 (20.0) 66 (14.3) 3 (13.0)
Outcome
Cured or Completed
Treatment,
N (%)

220 (71.2) 66 (66.7) 0.465 258 (70.3) 28 (68.3) 0.931 270 (70.3) 16 (66.7) 0.882

Died, N (%) 22 (8.5) 8 (9.8) 0.891 26 (8.6) 4 (10.5) 0.919 27 (8.4) 3 (13.6) 0.657
February 2022 | Vo
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1IQR: Interquartile range.
2Indicates a significant difference between the frequency of that condition among those participants prescribed and not prescribed the drug before susceptibility testing was performed.
Due to missing data, percentages listed represent the number in each cell divided by the number of participants in that group with data available, which is not always equal to the n listed at
the top of each column.
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was also associated with a nonsignificant reduction in odds of
XDR-TB (aOR: 0.38, 95% CI: 0.12-0.98).
DISCUSSION

When drug resistance is common, DST is slow, and only
specialized laboratories perform comprehensive testing, it is
reasonable to treat patients conservatively while awaiting
final results. Unfortunately, this analysis found that when
concern translates to simultaneous prescription of first-
and second-line tuberculosis drugs, higher rates of drug
resistance were identified. Among 494 cohort participants
studied, empiric prescription of fluoroquinolones and
streptomycin along with first-line drugs was common, with
26.3% receiving one or both treatments while on first-line
treatment. This was more frequent among participants with
diabetes and greater lung involvement and occurred for
months before DST. We confirmed the association between
drug resistance and severe tuberculosis (underweight and
cavitary disease). While fluoroquinolone prescription before
DST was not associated with fluoroquinolone monoresistance,
Frontiers in Tropical Diseases | www.frontiersin.org 5
it was associated with both injectable drug resistance and XDR-
TB in both univariable and multivariable analysis. Similarly, the
early use of fluoroquinolones and streptomycin together prior to
DST increased odds of additional resistance to pyrazinamide,
ethambutol, and PAS, underscoring both the progressive
development of resistance through inadequate therapy and the
importance of DST-directed treatment.

Therapy decisions for tuberculosis include a complex balance
of likely efficacy, toxicity, resistance prevention, and prevention
of transmission associated with each drug. Years of unfortunate
experience have demonstrated how quickly resistance can be
amplified through prolonged, ineffective treatment, though
recent studies have found primary acquisition of MDR-TB to
be more common in some settings than emergence of MDR-TB
through inadequate therapy (9, 10). In this study,
fluoroquinolone prescription along with first-line treatment
before DST was associated with XDR-TB, but not with worse
treatment outcomes (OR: 0.96, 95% CI: 0.80-1.17) or mortality
(OR: 1.05, 95% CI: 0.93-1.19). Presumably, this reflects changes
to treatment after DST, resulting in similarly effective final
regimens for participants who received combined first- and
second-line therapy before DST. It is possible, however, that
some such patients experienced negative outcomes prior to
TABLE 2 | Odds of resistance to fluoroquinolones and injectable drugs at the time of first drug susceptibility testing.

Resistant to
Fluoroquinolones

Resistant to Second-Line
Injectable Drugs

Resistant to Both Fluoroquinolones and Second-Line
Injectable Drugs

OR (95% CI) OR (95% CI) OR (95% CI)
Female Sex 0.79 (0.52–1.18) 0.72 (0.45–1.16) 0.64 (0.38–1.07)
Age (10-year Increments) -0.13 (-0.30–0.04) -0.10 (-0.33–0.11) -0.04 (-0.28–0.18)
Prior TB 0.69 (0.45–1.06) 0.83 (0.47–1.41) 0.98 (0.54–1.72)
Pulmonary TB 1.32 (0.81–2.14) 0.83 (0.47–1.51) 0.80 (0.44–1.53)
Underweight 1.61 (1.02–2.59)2 0.84 (0.49–1.41) 0.89 (0.50–1.56)
Diabetic 1.86 (0.89–4.06) 1.45 (0.58–3.43) 1.34 (0.51–3.27)
Contact with TB 1.15 (0.74–1.84) 1.03 (0.59–1.74) 0.95 (0.52–1.69)
Contact with MDR-TB 2.29 (1.29–4.32)2 0.76 (0.37–1.43) 0.68 (0.30–1.38)
Cavity 1.64 (1.08–2.49)2 1.52 (0.90–2.64) 1.96 (1.07–3.73)2

% Lung Involvement (10% Increments) 0.13 (0.03–0.25)2 0.02 (-0.11–0.14) 0.04 (-0.10–0.17)
X-ray Score (10-Point Increments) 0.09 (0.03–0.15)2 0.06 (-0.01–0.13) 0.09 (0.01–0.16)2

Prescribed a Fluoroquinolone Before DST1 1.35 (0.84–2.24) 1.76 (1.04–2.93)2 2.19 (1.26–3.76)2

Prescribed Streptomycin Before DST1 0.91 (0.48–1.79) 1.29 (0.59–2.62) 1.48 (0.64–3.08)
Prescribed a Fluoroquinolone and
Streptomycin Before DST1

0.83 (0.35–2.10) 0.91 (0.26–2.46) 0.83 (0.19–2.48)
1DST: Drug Susceptibility Testing.
2Significant association with increased or decreased odds of resistance to the drug listed.
TABLE 3 | Odds of other outcomes associated with empiric prescription of fluoroquinolone, streptomycin, or both prior to drug susceptibility testing.

Fluoroquinolone Streptomycin Fluoroquinolone and Streptomycin

Outcome OR (95% CI) OR (95% CI) OR (95% CI)
Ethambutol Resistance 0.99 (0.91-1.07) 0.96 (0.85-1.07) 0.78 (0.66-0.91)1

Pyrazinamide Resistance 0.98 (0.89-1.07) 1.02 (0.90-1.16) 0.86 (0.72-1.01)
Ethionamide Resistance 1.04 (0.93-1.16)1 0.99 (0.85-1.15) 0.97 (0.78-1.20)
Clofazimine Resistance 1.04 (1.00-1.08)1 1.04 (0.98-1.09) 1.04 (0.96-1.12)
PAS Resistance 1.07 (0.99-1.16) 1.14 (1.02-1.27)1 1.19 (1.02-1.39)1

Linezolid Resistance 1.02 (0.97-1.07) 0.97 (0.91-1.05) 0.97 (0.88-1.08)
Good Outcome 0.96 (0.86-1.06) 0.98 (0.85-1.14) 0.96 (0.80-1.17)
Death 1.01 (0.94-1.09) 1.02 (0.93-1.12) 1.05 (0.93-1.19)
Febru
1Significant association with increased odds of resistance to the drug listed.
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referral, which would not have been reflected in this analysis, and
may have transmitted resistant TB to others. In that context, the
absence of apparent negative long-term outcomes in this
manuscript is not reassuring. Even with the same eventual
treatment outcome, quality of life of XDR-TB patients is lower
than patients with less-extensive resistance, and that difference
persists even after treatment completion, underscoring the
importance of reducing transmission of XDR-TB (11).
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Our data demonstrate that the practice of prescribing
HRZE+FQ, HRZE+S, or HRZE+FQ+S prior to the identification
of MDR-TB by DST is common and is independent of risk factors
for drug resistance such as prior tuberculosis, a household contact
with MDR-TB, cavitary lung disease, or disease severity (Table 1).
This is particularly problematic in the setting of high rates of
circulating fluoroquinolone resistance, as occurs among MDR-TB
isolates in Mumbai. Among people with MDR-TB at this center
who complete DST, most MDR-TB strains are resistant to
pyrazinamide (82%), ethambutol (86%), and fluoroquinolones
(73%) (3). In that context, there is little room for benefit from
HRZE+FQ, HRZE+S, or HRZE+S+FQ. For isolates with retained
susceptibility to some of these drugs, this strategy is unlikely to
provide an adequate number of effective drugs to prevent the rapid
development of additional resistance as demonstrated in
this analysis.

It is likely that the association of these regimens with newly
identified resistance not to fluoroquinolones but to
fluoroquinolones and injectable drugs (XDR-TB) reflects
significant circulating fluoroquinolone resistance with limited
room to demonstrate benefit when this strategy was applied. It
is not surprising that resistance to the injectable drugs might
quickly follow such a strategy, resulting in XDR-TB and
additional resistance to other drugs as outlined in Table 3.
Interestingly, duration of therapy prior to DST did not
significantly impact resistance profiles despite prolonged
exposure prior to DST. One potential explanation is the
significant early bactericidal activity of both fluoroquinolones
and streptomycin, which reduces the overall bacterial load in a
patient infected with a susceptible isolate (12, 13). As a result,
drug resistance may have emerged early in treatment, after which
only XDR strains remained to be identified. The march of drug
resistance for tuberculosis typically starts with isoniazid, followed
by rifampin or ethambutol, pyrazinamide, and other second-line
drugs (14, 15). While streptomycin shares some resistance-
associated mutations in the rrs gene, streptomycin resistance is
associated with mutations in either rrs or rpsL (16). It is therefore
reasonable to expect that unrecognized drug resistance, including
MDR-TB, could accumulate drug resistance after exposure to
first-line drugs with either fluoroquinolones or streptomycin.
Studies of genotypic drug resistance during MDR-TB treatment
will be important to confirm the duration of exposure required to
develop resistance to each XDR-TB drug.

Interestingly, this study found a significant association of
extent of radiographic lung disease with treatment outcome and
non-significant increase in odds of fluoroquinolone among
diabetic study participants. Diabetes has been associated with
poor drug absorption in several studies, and the presence of
extensive and cavitary lung disease has been associated with poor
outcomes in several studies (17–20). This suggests a potential
benefit to considering diabetes and the extent of lung disease as
potential predictors of emerging resistance during treatment, and
is an important future area of research.

This study had several limitations. Importantly, most
participants were diagnosed and treated for tuberculosis by a
variety of providers prior to presentation to Hinduja Hospital and
TABLE 4 | Impact of fluoroquinolone and streptomycin prescription on adjusted
odds of XDR-TB at the time of first drug susceptibility testing.

aOR (95% CI)

Intercept 0.20 (0.04-0.93)1

Female Sex 0.49 (0.25-0.96)1

Age (10-year increments) 1.12 (0.84-1.47)
Underweight 0.90 (0.42-1.87)
Known Contact with MDR-TB 0.38 (0.12-0.98)
X-ray Score (10-point Increments) 1.11 (1.01-1.22)1

Prescribed Streptomycin Before DST 0.64 (0.19-1.78)
Prescribed a Fluoroquinolone Before DST 2.43 (1.19-4.91)1
1Significant association with increased odds of resistance to the drug listed.
FIGURE 2 | Unadjusted and Adjusted Odds of Resistance to both
Fluoroquinolones and Injectable Drugs at the Time of First Drug Susceptibility
Testing among MDR-TB Patients. Forest plot indicating the unadjusted and
adjusted odds of XDR-TB identified when drug susceptibility testing (DST)
was first performed. XDR-TB was defined as tuberculosis resistant to
isoniazid, rifampin, a quinolone, and a second-line injectable drug (amikacin,
kanamycin, and/or capreomycin). Squares indicate unadjusted odds, and
circles indicate odds adjusted participant sex, age (in 10-year increments),
underweight (body mass index <18.5kg/m2), known contact with MDR-TB
(defined as tuberculosis resistant to isoniazid and rifampin), extent of disease
on chest radiograph, and empiric prescription of streptomycin or
fluoroquinolones along with first-line TB therapy (isoniazid, rifampin,
pyrazinamide, and ethambutol) before DST was performed.
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study enrolment. As the treatment described occurred before
hospital referral, we can only speculate on the intended plan for
testing and regimen duration. Concerns regarding access to DST
and long turnaround time for results may have been motivating
factors (21). The cost of testing varies across India and can exceed a
willingness-to-pay threshold for some patients, who may persuade
prescribing physicians to forego testing in favor of empiric
treatment considering likelihood of resistance by epidemiologic
and clinical factors (22). While this is common, our previous
work has underscored the limitations of such an approach (3, 23).
This study is also limited by the assumption that resistance
developed after treatment was started. Because we included
participants who were treated prior to DST, in the absence of
molecular epidemiological data, adherence studies, and contact
tracing, we cannot confirm whether drug resistance was acquired
during treatment or represents primary infection with resistant
tuberculosis (10). Due to the observational nature of this study, we
cannot conclude that the prescription pattern was the cause of
higher resistance rates, but we believe the association identified in
this analysis to be a compelling reason to reconsider this practice. In
addition, this study site represents a clinic population with low rates
of HIV co-infection (<0.5% of participants) and high rates of
circulating fluoroquinolone and injectable drug resistance, which
may limit generalizability of results to settings with distinct patient
populations. Finally, MDR-TB treatment guidelines from both the
Indian Government and the WHO have changed substantially in
recent years, particularly highlighting the importance of
bedaquiline, downgrading the role of injectable drugs, and
redefining the definition of XDR-TB to exclude injectable drugs
(6, 24, 25). While this reduces the impact of these findings, we
believe that the overall lesson that the practice of combining first-
line and second-line therapies out of concern for drug resistance
should be discouraged, particularly in places like Mumbai with high
rates of circulating drug resistance.

In this study, many participants received fluoroquinolones
and streptomycin in combination with first-line drugs while
awaiting DST. Those prescriptions were associated with
increased odds of XDR-TB identified when DST was first
completed. To reduce emergence of drug resistance, minimize
exposure to toxic therapies, and provide the best possible care,
this approach should be discouraged in favor of early DST and
DST-guided treatment for MDR-TB.
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