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Abstract



Drug-resistant tuberculosis (DR-TB) is a public health challenge in Bhutan. While there are studies
identifying the burden of first-line anti-TB drug (FLD) resistance in Bhutan, currently there are no
reports specifically highlighting the occurrence second-line anti-TB drug (SLD) resistance. SLD
resistance pose a greater threat with higher mortality rates and prolonged medication. This study
utilized laboratory-based nationwide drug resistance surveillance data collected by the National
TB Reference Laboratory (NTRL) from the inception in 2010 until 2023. The laboratory
diagnostic algorithm for the surveillance varied across the years. New diagnostic facilities like
liquid culture and drug susceptibility test (DST) and molecular tests were gradually rolled out in
Bhutan. At present, drug resistant test for SLDs is conducted for fluroquinolones and injectable
drugs using Line Probe Assay (LPA). The overall completion rate for SLD screening for TB in
Bhutan was 60.1% (n=423). The proportion of SLD resistance among multi-drug resistant
TB/rifampicin resistant (MDR-TB/RR-TB) strains was 8.0% (95% CI 5.7-11.2, n=34). High
proportion of pre-extensively drug resistant TB (pre-XDR TB) with fluoroquinolone resistance
was seen in 6.9% of the cases. The highest incidence rate of SLD resistance was seen in 2019 (0.8
per 100,000 population). Only one case of XDR-TB has been detected so far. The highest
proportion of SLD resistance was seen in 2012 (75%, n=2/5), while not a single case was detected
in 2018. SLD resistance detection was higher using the phenotypic method compared to molecular
testing using LPA (adjusted odds ratio [AOR] 2.8, p value 0.01). Male patients were at higher risk
compared to females (AOR 2.1, p value 0.06) for SLD resistance. With the introduction of second-
line LPA in 2018, the overall duration for second-line testing decreased from a median of 322 days
(interquartile range [IQR]:255-348) in 2010 to 27 days (IQR: 13-36) in 2023.There is a growing
need to further test and investigate the burden of SLD resistant TB in the country. Facilities for
screening of all TB drugs particularly the newer drugs need to be established urgently to address

the threat of developing further resistance.
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Introduction

The emergence of second line-drug resistant TB further aggravates the challenges in controlling
and ending TB worldwide. In 2006, the US Center for Disease Control and Prevention and the
WHO first analyzed the emergence of SLD resistant TB, mainly XDR-TB which was then defined
as Mycobacterium Tuberculosis (MTB) strains that is resistant to both fluroquinolones and second-
line injectables in addition for the first line drugs rifampicin and isoniazid. It was reported that 2%

of the 17,960 isolates of MTB from international networks of laboratories were XDR-TB (1).

In 2023, 10.8 million incident cases of TB were reported, of which 4.3 million cases were
bacteriologically confirmed. Among the bacteriologically confirmed pulmonary TB cases, a total
of 28,982 cases of SLD resistant TB were detected (2). Compared to the drug sensitive TB or first
line drug resistant TB, patients with second line drug resistance have lower treatment success rate,
higher case fatality rates, worse adverse drug events and high treatment cost. The treatment success
rate of 44.2% for XDR-TB and 63.3% for pre-XDR TB is found to be much lower than the MDR-
TB’s treatment success rate of 68.0% (3) .Furthermore, the outcomes are worse for people with
HIV co-infection, with studies reporting treatment failures of up to 18.1% and mortality rates as
high as 63.9% (4). The expansion of resistance beyond MDR-TB signals urgent threat and

challenge towards incurable tuberculosis with limited effective drugs (5).

The WHO recommends drug susceptibility testing (DST) for SLDs for patients with rifampicin
resistant TB (6). For developing effective regimen to improve treatment outcomes, reduce
transmission and acquisition of further resistance, second-line DST is imperative and has cost
saving benefits in the long run. Although rapid & accurate DST using molecular techniques are

available for fluoroquinolones, not all patients have access to SLD testing. For example, in 2022,
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only 50% of the patients underwent fluoroquinolone testing worldwide (7). For other SLDs, the
availability of only well-established phenotypic methods that takes weeks or months for

completion and require specialized laboratory facilities limit the access to testing (8).

Bhutan is a landlocked country sharing borders with high TB-burden countries like China in the
north and India in the south, west and east, which accounted for 26% and 6.8% global TB cases
respectively in 2024(2). Limited research is available for drug resistant TB in Bhutan. According
to the national annual drug resistant surveillance report, the number of MDR-TB has been
increasing over the years (9). In the last decade, National TB Control Program (NTCP) has been
steadfast in its effort to control MDR-TB and has maintained a treatment success rate of 96.0%(10)
(unpublished report). However, there are no published reports presenting the onset of SLD
resistance. Given the country’s small population of just over 700,000, a single case of XDR-TB
would be a cause of concern. This report aims to establish the emergence and burden of SLD
resistant TB in the country in the last 14 years since the initiation of drug resistant surveillance in
the country. We also look at the factors associated with the detection of SLD resistance and assess

the diagnostic facilities available in Bhutan.

Methodology

Study setting

This study included data of all the MDR-TB/RR patient samples received at National TB
Reference Laboratory (NTRL) in Bhutan from 2010 to 2023. The NTRL established its laboratory-

based nationwide annual drug resistance surveillance for TB in 2010.

Sample collection and testing
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Sputum and extra-pulmonary smear positive samples from all the microscopy centers across the
country were transported to NTRL to perform culture and DST. From 2017 onwards, in addition
to the above, samples testing positive by Xpert MTB/RIF Assay (T/RR) were also subjected to
culture and DST. The microscopy centers are in the primary health care centers and district
hospitals while the GeneXpert facilities are in the regional referral hospitals, national referral
hospital and high burden districts for TB. There were 32 microscopy centers in 2010 and gradually
increased to 46 microscopy centers at present. In 2017 four GeneXpert machines were introduced

and at present it has been expanded to 17 sites with 20 machines in the country (Figure 1).

Solid Culture & DST 3
LPA1st&2ndLine @

Xpert MTB/XDR Ie
Xpert MTB/RIF
Liquid Culture & DST

2
Microscopy @]
Dzongkhags ]

Trashigang

Samdrup
Jongkhar

Zhemgang

Figure 1. The diagnostic facilities distribution across various districts (known as dzongkhags) in

Bhutan in 2024
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In 2010, positive sputum smear microscopy was followed by solid culture, conventional
identification and solid DST for all samples. In 2012, liquid culture and DST was introduced at
NTRL. In 2014, LPA or rapid detection of MDR-TB first line drug was established at NTRL. In
2017, Xpert MTB/RIF was introduced in four hospitals- the national referral hospital, two regional
referral hospitals and one high burden district. This has gradually been expanded to 12 other high
burden districts. Until 2017, all second-line DST was performed at the Supra National Reference
Laboratory (SNRL) in Thailand. In 2018, LPA for second-line line anti-TB drugs was established
at NTRL and in 2022, Xpert MTB/XDR was introduced in NTRL and Gidakom Hospital, a
hospital specialised and dedicated to the treatment of TB cases (Figure 2). Quality control for
district microscopy centers is performed by NTRL. The quality control for NTRL is conducted by

SNRL in Thailand for culture and DST and from SAARC TB & HIV center in Nepal for

microscopy.
AFB Microscopy
| Microscopy Centers (20
[ ] districts in Bhutan
Positive Negative
Culture & First Line NTRL, Thimphu,Bhutan

DST ’ ’

]
] ]
Sensitive to INH & RIF Resistant to INH & RIF

' SNRL, Bangkok, Thailand
Second-line Drug angko ailan

Screening (Phenotypic
DST)

a. Laboratory diagnostic algorithm for second-line drug resistance screening in 2010
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AFB microscopy

Microscopy Centers (n=45)

Xpert MTB/RIF

GeneXpert Centers (n=16)

Negative Positive MTB Detected RIF Resistant Negative
NTRL,Thimphu,Bhutan Culture & First-line DST
S d-line DST (Molecul
NTRL,Thimphu,Bhutan ceond-tne (Molecular)

b. Laboratory diagnostic algorithm for second-line drug resistance screening in 2023

AFB: Acid Fast Bacilli, MTB: Mycobacterium tuberculosis, DST: Drug Sensitivity Test, INH:

Isoniazid, RIF: Rifampicin, NTRL: National TB Reference Laboratory, SNRL: Supra National

Reference Laboratory

Figure 2: Laboratory diagnostic algorithm for second-line drug resistance screening in 2010 and

2023

Operational definitions

The following standard definitions of RR/MDR-TB, Pre-XDR TB and XDR-TB have been used

based on the diagnostic facilities available in the country (1, (11).
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MDR-TB/RR: MTB strains resistant to isoniazid and rifampicin or rifampicin only (for cases
diagnosed using GeneXpert for first line anti-TB drugs (XPERT MTB/RIF)

Pre-XDR TB: MDR-TB strain resistant to either fluoroquinolones or second line injectables
XDR-TB: MDR-TB strain resistant to both fluoroquinolones and second line injectables

Data collection

From 2010 to 2013, the patient details including demographic, clinical and district laboratory
reports were filled in the sample shipment form. These details were entered in NTRL’s register
alongside the culture and DST reports. From 2014 onwards, the details were entered in the web-
based system for TB surveillance called the Tuberculosis Information & Surveillance System
(TBISS). The data for this study was extracted as per the study’s objectives from manual registers
and TDbISS. The total Bhutanese population was extracted from the world bank data (source:

https://data.worldbank.org/indicator/SP.POP.TOTL?locations=BT )

Data analysis

Frequencies and percentages were used to describe the annual cases and pattern of second-line
drug resistant TB among the MDR-TB cases. Loess smoothened curve was fitted to understand
the trend across years for incidence of SLD resistant TB cases. Odds ratios (OR) and 95%
confidence intervals were used to present the magnitude of association between demographic,
clinical and laboratory variables that included age, sex, year of diagnosis, history of previous
treatment, disease site, culture result, microscopy result and second-line diagnosis method and the
outcome variable of resistance to any SLD . Chi square test was used for categorical variables and
p<0.05 was considered statistically significant. Logistic regression model was fitted for

multivariable analysis. The duration required for sample shipment to NTRL, for completion of
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DST for first & second-line diagnosis were compared across years. All statistical analysis were

performed using R software version 4.3.3.

Ethical approval

The study was approved by Research Ethics Board of Health, Ministry of Health, Bhutan
(Reference number Ref. No. /PO/RL/2024.12.NW). Since this study only used de-identified
dataset collected from patient records, the ethics board granted waiver for patient informed

consent.

Result

A total of 704 MDR-TB cases were registered at NTRL from January 2010 until December 2023.
SLD screening was available for 60.1%(n=423) of all MDR-TB cases. The completion of second-
line DST in 2010 was 90.5%(n=19) while that in 2023 was 66.1%(n=37). In 2016, no second-line

DST was available and in 2019, the completion was highest with 94.4% (n=68) (Figure 1).

Among the cases with DST completion, the overall proportion of any second-line drug resistance
was 8.0% (95% CI15.7-11.2,n=34). Among SLD screened cases, the proportion of fluoroquinolone
resistance was 6.9% (95%CI 4.7-9.8, n=29) and that of injectables was 0.2% (95%CI, 0.0-1.5;
n=1). Resistance to both fluoroquinolone and injectable was seen in 0.2% (95%CI, 0.0-1.5, n=1)
of cases. Other resistance that excluded resistance to fluoroquinolone or second-line injectable was
seen in 0.7% (95%CI 0.2-2.2; n=3) cases which included resistance to ethionamide (ETH) and

para-Aminosalicylic acid (PAS).
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Year-wise, the highest proportion of second-line drug resistance was seen in 2012 (75%, n=2/5)
and the lowest was seen in 2018 with zero cases detected. A case of resistance to both

fluoroquinolones and injectables (XDR-TB) was detected in 2019 (Figure 3).

Second-line drug resistance pattern
80

70

S

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year of sample collection

wn
(=]

IS
(=]

Number of cases
o W
(=] o

—_
(=]

EMDR ' 2nd Line Screened ®INJ & FLQ Resistance “/INJ only ®mFLQ only ® Others (excluding FLQ or INJ)

Figure 3: Number of second-line drug resistance screening by year and the pattern of second-line

drug resistance

The first case of second-line drug resistance was detected in a 56-year-old male. The sample was
collected on 22nd of January 2010 from Gidakom Hospital. The results for the first-line drugs
were available on 9th July 2011 using solid culture and DST. The samples were shipped to SNRL
in Thailand and results for the second-line drugs were available after 381 days from the date of
collection on 7th of March 2011. Similarly, two other cases of second-line drug resistance were
seen in the same year. From the year 2010 onwards, at least one case of second-line drug resistance
was detected every year except in 2016 when the second-line DST was not performed and in 2018

where no cases were detected (Figure 4).
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The test for linear trend showed no statistical association (p value 0.66). Loess smoothening curve
was fitted for the annual incidence data. While there were some declines in 2014 and 2015, no
cases were detected in the next three years mainly due to lack of diagnostic capacity. There was a
small increase around 2019 but the incidences are on decline and has remained low through the
recent years. Thus the trend suggests a non-linear pattern with no consistent upward or downward

overall annual incidences.

Incidence of Second-line Drug Resistant TB (2010-2023)

Incidence (per 100,000 population)

0.0

© N A ». ™ & o A % 9 2 -~ ) )
N o > o~ o & o & & N S & N )
¥
Year

Figure 4: Incidence of second-line drug resistance based on the date of first sample collection
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Characteristics of second-line drug resistance cases

The median age of MDR-TB drug resistance was 25 (IQR 21-34) years while that of SLD
resistance was 27 (IQR 22-43) years. Male sex and having a previous history of TB treatment
were associated with having SLD resistance on univariable analysis (OR 2.5, 95% CI 1.2-5.4 &
OR 2.5, 95% CI 1.5-5.4 respectively) but did not show significant association after adjusting with
other variables including age, disease site, year, culture result, microscopy result and second-line
diagnosis method. Similarly, the year 2018 to 2023 category showed lower odds of detecting
resistance in crude analysis (unadjusted OR 0.3, 95% CI 0.2-0.78) compared to the year 2010-
2013. The odds of detecting second-line drug resistance were higher among samples that had
growth in solid media (unadjusted OR=2.8, 95% CI 1.2-6.7). On adjustment with all the
demographic, clinical and other laboratory variables, the detection of second-line drug resistance
using phenotypic method remained strongly associated (adjusted OR 2.8, 95% CI 1.2-6.3). No

statistical association was seen with microscopy result, disease site or age of the patient



164  Table 1: Factors associated with detection of second-line drug resistant TB
% (number)
SN Variables SLD resistant SLD sensitive Crude OR | 95%CI | p value AOR 95% CI p value
Age, n=423
Less than 18 years 3.7(1) 96.3(26) Referent NA NA Referent | NA NA
18-39 year 7.4(23) 92.6(286) 1.9 0.3-45.1 |0.47 2 0.4-37.7 0.50
40-59 year 12.3(8) 87.7(57) 32 0.5-84.6 |0.21 2.8 0.5-54.8 0.35
>=60 year 9.1(2) 90.9(20) 2.4 0.2-79.4 1043 3.1 0.3-72.2 0.37
Sex, n=423
F 5.1(12) 94.9(225) Referent NA NA Referent | NA NA
M 11.8(22) 88.2(164) 2.5 1.2-5.4 0.01 2.1 1.0-4.6 0.06
History of treatment, n=423
New 6.7(21) 93.3(293) Referent NA NA Referent | NA NA
Previously treated 15.4(12) 84.6(66) 2.5 1.2-5.4 0.01 1.4 0.1-3.4 0.41
Unknown 3.2(1) 96.8(30) 0.5 0.0-2.7 0.45 0.4 0.0-2.0 0.34
Disease site, n=423
Extra-pulmonary 6.9(2) 93.1(27) Referent NA NA
Pulmonary 8.1(32) 91.9(362) 1.1 0.3-7.8 0.81
Year, n=423
2010-2013 14.9(11) 85.1(63) Referent NA NA
2014-2017 12.7(7) 87.3(48) 0.8 0.3-2.3 0.73
2018-2023 5.4(16) 94.6(278) 0.3 0.2-0.8 0.01
Culture Result, n=423
Solid & Liquid Growth 6.2(16) 93.8(244) Referent NA NA
Liquid growth 7.4(6) 92.6(75) 1.2 0.3-3.4 0.69




Solid growth 15.6(12) 84.4(65) 2.8 1.5-6.7  [0.01

No Growth 0.0(0) 100.0(5) 0 0.0-18.0 |0.57

Microscopy Result, n=366

Positive 7.121) 92.9(275) Referent NA NA

Negative 5.7(4) 94.3(66) 0.8 0.2-2.3 0.68

Second line diagnostic method,

n=423
Genotypic 15.1(18) 84.9(101) Referent NA NA Referent | NA NA
Phenotypic 5.3(16) 94.7(288) 32 1.6-6.6  [<0.01 [2.8 1.2-6.3 0.01
165  *Note: Adjustment done with sex, history of TB treatment and second-line diagnostic method.
166  Culture result was removed from the final model despite statistical significance as one of the
167  variable did not have data (no growth=0) and year variable was excluded due to multicollinearity.
168  Note: Variables included in the adjusted analysis for final model were age, sex, history of TB
169  treatment and second-line DST method
170  Duration
171 With the introduction of genotypic method in 2018, the overall duration for second-line test
172  decreased from a median of 322 days (IQR:255 -348) in 2010 to 27 days (IQR: 13-36) in 2023.
173  Similarly, for first-line DST the duration varied from 69 days (IQR 48-80) in 2010 to 21 days
174  (IQR13-33) in 2023. For the first-line DST significant improvements were seen in 2014 onwards
175  after the introduction of LPA for first line drugs and Xpert MTB/RIF in 2017. The duration of
176  shipment of sputum samples from microscopy centers to NTRL did not have signification variation
177  over the years (Figure 5).
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Figure 5: Comparison of different durations according by year (duration] is the duration of sample
shipment from microscopy centers to NTRL in Bhutan, duration2 is the duration for the first-line
DST from the date of sample collection and duration3 is the duration for second line DST from

the date of sample collection)

Discussion

This study highlights the detection of MTB strains resistant to SLD in Bhutan since the
commencement of nationwide annual drug resistance surveillance in 2010. However, due to the
unavailability of reports prior to 2010, the exact time of the emergence could not be established.

Possibility of emergence before 2010 can also be linked to the worldwide circulation of XDR-TB
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strains in samples from 2000-2004 according to the first assessment of second-line drug resistance

from 14 participating SNRLs (1)..

The overall DST completion of 60.1% for SLDs indicates that the incidence of resistance to SLDs
might be an underestimation. The WHO’s projection of 9.9% XDR-TB among MDR-TB further
substantiates the underestimation. Additionally, Bhutan’s MDR-TB of 10.6% in 2018 to 2021 is
one of the highest in the region compared to India’s overall estimate of 6.7% in 2016-2022 (12)(13)
and Thailand’s Multidrug-resistant TB (MDR-TB) accounted for 0.8% (95% CI: 0.5-1.4) of new
TB cases and 13.0% (95% CI: 6.5-24.4) of previously treated TB cases (14) compared to Bhutan’s
proportion of 14.4% in new and 27.1% in previously treated cases. The most frequent SLD
resistance was detected in fluoroquinolones with overall resistance of 6.9%. Similar trends were
noted in other countries like Kuwait and China which indicates further challenges in the treatment
using newer drugs (15, 16). Although no published findings of molecular characterization of MTB
strains are available from Bhutan, the detection of fluroquinolone resistance among Bhutanese TB
patients might be attributed to presence of Bejing strain which are associated with fluroquinolone
resistance. The strain is commonly found in neighboring districts of India in Sikkim (62.4%) and
in Assam (35.5%) or Bangladesh with which Bhutan shares porous borders (17,18,19).
Fluoroquinolone resistance, like other antimicrobial resistance has been attributed to weak
healthcare system and the implications include poor treatment outcomes including XDR
acquisition in 17.0% of patients with baseline FQ resistance (20). Moreover, only slight variation
in incidence over time showing no linear trends needs further confirmation and assessment of TB

control measures in addition to the diagnostic capacity in the country.

Higher odds of second-line drug resistance were seen in males compared to female. Higher

prevalence, particularly of XDR-TB has been attributed to more engagement of males in
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employment settings and Bhutan’s workforce participation of females is lower than males (73.4%
males vs 53.5% females in 2022) (21). However, further investigation with other factors such as
alcohol and tobacco use, co-morbidities such as HIV or diabetes needs to be investigated (22).
Previously treated cases showed strong association with second-line drug resistance but adjustment
with other variables decreased its statistical power (p value 0.41). It might be due to smaller sample
size as this association has been consistently highlighted in similar studies with greater sample
sizes (22, 23, 24). Lower odds of detection were noted in the year 2018 to 2023 compared to the
baseline year of 2010 to 2013 on crude analysis but did not show association in multivariable
analysis. The phenotypic diagnostic test performed at SNRL from year 2010 until 2015 included
drugs like ethionamide, cycloserine, p-aminosalicyclic acid, kanamycin, ofloxacin, capreomycin
and levofloxacin while with genotypic method (LPA) only fluroquinolones and second-line
injectables were screened from 2018 onwards. Lack of facilities for phenotypic DST at NTRL
means three is still lack of DST facilities for newer SLDs including linezolid, bedaquiline and
delamanid. The decrease in proportion of second-line drug resistance after the establishment of
molecular method needs parallel comparison with phenotypic method to ensure that the variation
is not due to sensitivity and specificity of the diagnostic methods. Similar approach of conducting
parallel comparison with whole genome sequencing method showed 85% sensitivity compared to

phenotypic DST in China (23).

From 2018 onwards, 100% of the samples received at NTRL were subjected to culture but
16.2%(n=57) did not have second-line DST reports. This might be due to sample shipment delays
(average 7.4 days) and issues with cold chain maintenance. Therefore, it is important to further
assess the quality of sample collected including the proportion of mucopurulent and saliva

samples. Healthcare facilities need to ensure that samples are collected prior to treatment initiation.
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Possibilities of obtaining alternative samples such as bronchoscopy specimen can be explored in
patients who are unable to produce good quality sputum (24). This is indicated by higher odds of
detecting SLDs resistance among culture positive samples in solid growth (Unadjusted OR 2.8) in
univariable analysis. However, since there was no correlation with liquid medium further

investigation is required to understand the association.

The surveillance for TB in Bhutan is also used as a diagnostic network as no other facilities has
set up for culture and DST using phenotypic methods. However, molecular methods using
GeneXpert are available at 17 sites (Figure 1). The delay is shipping samples to NTRL, RCDC &
SNRL resulted in long duration between the patients first visit to treatment initiation. Although no
evidence is available directly for the treatment initiation delays, our study found that the median
duration between sample collection and second-line DST took up to more than a year (median 399
days in 2013), which was the highest prior to 2018. After the establishment of second-line LPA at

NTRL, the maximum duration for second-line DST has reduced to a median of 56.5 days in 2018.

This study analyzed a nationally representative data collated through a centralized system of drug
resistance surveillance in Bhutan. However, due to the use of retrospective study method, missing
data could not be retrieved, and data collected could not be verified particularly for the history of
previous treatment. However, for data after 2014, with the rolling out of TBISS, the system
captured patient’s repeated visits and treatment history. In addition, with limited variables, it did
not adequately capture risk factors including co-morbidities, socioeconomic status or alcohol and

tobacco use.

Conclusion
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The emergence of second-line drug resistant TB imposes further challenges to the country’s end
TB goal by 2035. This report highlights the growing cases of fluoroquinolone resistance in Bhutan
and the urgent need to establish screening methods for newer drugs as the treatment has been
already rolled out. To improve the coverage of second-line DST, expansion of culture facilities to
district hospitals might help in getting a greater yield. Inclusion of second-line drug resistant TB
on the list of national notifiable disease might help in the response. Comparison between
phenotypic and genotypic test can be conducted so compare the sensitivity, specificity, PPV and
NPV of the samples that has been shipped from microscopy centers. Further investigation needs
to be conducted to understand the burden, transmission pattern, impact and outcome of the second-

line drug resistant TB in Bhutan.
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