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Abstract. The objective of this study was to determine the prevalence and factors 
associated with multidrug-resistant tuberculosis (MDR-TB) at Siriraj Hospital, 
Bangkok, Thailand. We conducted a retrospective unmatched case-control study 
of patients clinically diagnosed and microbiologically confirmed to have tuber-
culosis (TB) at Siriraj Hospital from 2010 to 2012. Patient characteristics, clinical 
data, microbiological findings, outcomes and drug susceptibilities were recorded. 
A total of 188 subjects were included in the study; 52.1% (98) were males; the mean 
age was 48.9 years. Subjects were categorized into one of two groups, as follows: 
non-MDR-TB (141 patients) and MDR-TB (47 patients). The prevalence of MDR-
TB was 2.6%. Co-morbidities of study subjects included diabetes mellitus (16.5%), 
HIV infection (16%) and cancer (5.9%). One hundred thirty-one patients (69.7%) 
had pulmonary TB. Factors significantly associated with MDR-TB were age <65 
years (OR=6.94; 95% CI: 1.02-45.49; p=0.048), history of TB (OR=51.86; 95%CI: 
12.35-217.79; p<0.001), HIV co-infection (OR=3.83; 95% CI: 1.02-14.38; p=0.047) and 
alcohol consumption (OR=3.90; 95% CI: 1.03-14.72; p=0.045). Of the 146 patients for 
whom a clinical outcome was available, 51 (34.9%) had an unfavorable outcome. 
Poor compliance (OR=13.51; 95% CI: 3.97-45.45; p<0.001) and previous history of 
TB (OR=8.16; 95% CI: 1.76-37.73; p=0.007) were associated with an unfavorable 
outcome. MDR-TB was significantly associated with: patients aged <65 years, 
those with a previous history of TB, those with HIV co-infection and those who 
drank alcohol. These factors should be kept in mind when treating TB patients 
at Siriraj Hospital, Thailand.
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Organization (WHO) estimated the global 
prevalence of TB to be 8.6 million, with 
84,000 cases confirmed to be multidrug-
resistant TB (MDR-TB) (WHO, 2013). In 
Thailand, the rate of MDR-TB in 2010 
was estimated to be 1.7% among newly 
diagnosed TB cases and 34.5% among 
previously treated cases (WHO, 2010). 
The Thai Ministry of Public Health funded 
the development of an extensive labora-
tory network to perform anti-tuberculosis 

INTRODUCTION

Tuberculosis (TB) is a major public 
health problem. In 2012, the World Health 
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susceptibility testing (AST) in order to 
detect MDR-TB earlier. Genotypic detec-
tion of rifampicin and isoniazid resistance 
is now available (WHO, 2008). Conven-
tional AST is normally used to diagnose 
MDR-TB because the genotypic assay is 
not widely available. Knowledge of the 
risk factors associated with MDR-TB can 
help identify patients who should have 
AST testing. This study aimed to identify 
the prevalence of and factors associated 
with MDR-TB among culture-confirmed 
TB patients. 

MATERIALS AND METHODS

We conducted a retrospective un-
matched case-control study to determine 
the prevalence, risk factors, and the AST 
patterns of MDR-TB. This study was ap-
proved by the Scientific Ethics Committee, 
Siriraj Institutional Review Board (SIRB). 
Data regarding cases and controls were 
obtained from chart reviews of Siriraj 
Hospital patients aged ≥18 years clini-
cally diagnosed and microbiologically 
confirmed to have either MDR-TB (case) 
or non-MDR-TB (control) during the 2010-
2012 study period. Data obtained included 
general demographic characteristics and 
treatment outcomes. Study subjects were 
followed until the end of June 2013. All 
cases and controls had positive cultures 
for M. tuberculosis complex, as identified 
by conventional Löwenstein-Jensen (LJ) 
solid agar and/or an automated liquid me-
dia system (BACTEC MGIT 960; Becton-
Dickinson, Franklin Lakes, NJ). The agar 
proportion method and/or mycobacterial 
growth ratio between drug-containing 
and drug-free broth were performed to 
identify AST.
Definitions

A MDR-TB was defined as a patient 
with culture-confirmed Mycobacterium 

tuberculosis resistance to both isoniazid 
(INH) and rifampicin (RIF), with or with-
out resistance to other drugs. M. tuberculo-
sis not resistant to both INH and RIF was 
classified as non-MDR-TB. Extensively 
drug-resistant tuberculosis (XDR-TB) was 
defined as MDR-TB plus resistance to a 
fluoroquinolone and at least one second-
line injectable TB agent, such as amika-
cin, kanamycin or capreomycin (WHO, 
2008). A new TB case was defined as a 
newly diagnosed case of TB receiving no 
or less than 1 month of anti-tuberculosis 
treatment. A previously treated TB case 
was defined as a patient with a history 
of TB who had been previously treated 
with anti-tuberculosis drugs for at least 1 
month (WHO, 2008). Pulmonary TB was 
defined as an infection confined to the 
lung parenchyma. Extra-pulmonary TB 
was defined as infection outside the lung 
parenchyma, such as in the pleura, lymph 
nodes, meninges, gastrointestinal tract, 
bone or joints. Disseminated TB was de-
fined as an infection that simultaneously 
occurred in at least 2 non-contiguous sites, 
such as miliary TB. 

Treatment outcomes were divided 
into favorable and unfavorable outcomes. 
Favorable outcomes were defined as fol-
lows: 1) cure: having received a full course 
of treatment and having had a clinical 
response, with microbiological conver-
sion to negative at least 2 times during 
follow-up and at the end of treatment; 
2) completed treatment: having received a 
full course of treatment and having had a 
clinical response, but having incomplete 
microbiological evaluation or an indeter-
minate result. Unfavorable outcomes were 
defined as: 1) treatment default: a patient 
discontinuing anti-tuberculosis treatment 
for ≥ 2 consecutive months; 2) treatment 
failure: persistence or reversion of acid-fast 
bacilli (AFB) smear or positive mycobac-
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terial culture after an intensive phase of 
treatment and/or clinical unresponsive-
ness to treatment and/or a severe adverse 
reaction causing the patient to be unable 
to continue treatment; 3) death: death from 
any cause during treatment. Subjects were 
classified as having had: 1) good compli-
ance: if they had regularly adhered to 
follow-up schedules and had less than 
a 20% absence rate or 2) poor compliance: 
if they failed to adhere to the follow-up 
schedule or had a ≥ 20% absence rate.
Sample size calculation

Casal et al (2005) found having a 
previous history of TB is a risk factor for 
MDR-TB, with an odds ratio (OR) of 2.6 
and control group exposure percentage of 
20%. Sample size calculation for our study 
was based on a control to case ratio of 3:1, 
80% power and a 95% confidence level. 
Due to the large number of patients with 
non-MDR-TB in our study, the controls 
(n=141) were chosen randomly from a 
total of 1,792 patients with non-MDR-TB 
at our hospital during the study period. 
Forty-seven cases were included in the 
study.
Statistical analyses

Statistical analysis was performed 
using SPSS version 16.0 (IBM, Armonk, 
NY). Values were expressed as mean ± 
standard deviation or median (minimum, 
maximum) for continuous variables and 
as frequencies for categorical variables. 
Comparisons of continuous variables 
between the cases and controls was made 
using the Student’s two-tailed t-test or the 
Mann-Whitney U test for nonparametric 
testing. The chi-square and Fisher’s exact 
tests were used to analyze differences 
among categorical variables. Variables 
that were significantly associated with 
multidrug resistance on univariate analy-
sis (p<0.2) were included in a multivariate 

logistic regression model. All statistical 
tests were two-sided, with a p<0.05 being 
considered statistically significant.

RESULTS

The prevalence of MDR-TB at Siriraj 
Hospital from January 2010 to December 
2012 was 2.6%. One hundred eighty-eight 
culture-confirmed TB patients were in-
cluded, of whom 47 had MDR-TB. Three 
had XDR-TB and were included in the 
MDR-TB group. One hundred fifty-six pa-
tients (83%) were new cases and 32 (17%) 
were previously treated cases. The mean 
(±SD) age was 49 (±18) years; 52.1% were 
male. Thirty-eight point five percent (72 of 
187) had a positive smear for acid-fast ba-
cilli. The patient characteristics are shown 
in Table 1. In the MDR-TB group, 25 
patients (53.2%) had previously received 
treatment for TB. AST was conducted in 
all subjects. One hundred thirty patients 
(69.1%) had TB susceptible to all drugs 
and 58 patients (30.9%) had TB resistant 
to at least one anti-tuberculosis drug. The 
results of anti-tuberculosis drug sensiti- 
vity testing are shown in Table 2. 
Risk factors associated with MDR-TB 

The results of univariate and multi-
variate analyses of factors associated with 
MDR-TB are shown in Table 3. The follow-
ing factors were found to be significantly 
associated with MDR-TB: age <65 years 
(adjusted OR=6.94; 95% CI: 1.02-45.49; 
p=0.048), previous history of TB (adjusted 
OR=51.86; 95% CI: 12.35-217.79; p<0.001), 
HIV co-infection (adjusted OR=3.83; 
95% CI: 1.02-14.38; p=0.047), and alcohol 
consumption (adjusted OR=3.90; 95% CI:  
1.03-14.72; p=0.045).
Factors associated with unfavorable out-
comes 

After excluding those who transferred 
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Table 1
Comparison of demographic and clinical characteristics between patients with 

MDR-TB and non-MDR-TB.

Patient characteristics 	 MDR-TB	 Non-MDR-TB	 p-value

Age (mean ± SD, yrs) 	 43.87 	± 15.12	 50.57 	± 19.16	 0.016
Gender 			
	 Male  	 27/47 	(57.4%)	 71/141 	(50.4%)	 0.399
 	 Female  	 20/47 	(42.6%)	 70/141 	(49.6%)	
BMI (mean ± SD, kg/m²)  	 19.50 	± 4	 19.80 	± 3.47	 0.637
TB contact  	 9/28 	(32.1%)	 23/135 	(17%)	 0.067
Prior history of TB  	 25/47 	(53.2%)	 7/141 	(5.0%)	 <0.001
 	 Interval [median  (min-max), months  between	 24 	(4-480)	 168 	(36-600)	 0.013
 	 first TB diagnose and recurrence]  			
 	 Favorable outcome (cure or completed treatment)	 9/23 	(39.1%)	 2/3 	(66.7%)	 0.556
DM	 9/47 	(19.1%)	 22/141 	(15.6%)	 0.57
HIV infection	 11/41 	(26.8%)	 15/123 	(12.2%)	 0.026
Cancer 	 2/47 	(4.3%)	 9/141 	(6.4%)	 0.734
CKD 	 0/47 	(0%)	 4/141 	(2.8%)	 0.574
Chronic liver disease 	 1/47 	(2.1%)	 4/141 	(2.8%)	 1
Systemic steroid use 	 1/46 	(2.2%)	 8/141 	(5.7%)	 0.457
Immunosuppressive drug use 	 0/46 	(0%)	 8/141 	(5.7%)	 0.203
Alcohol consumption	 12/40 	(30%)	 23/129 	(17.8%)	 0.097
Type of infection 			
 	 Pulmonary 	 33/47 	(70.2%)	 98/141 	(69.5%)	 0.515
 	 Extra-pulmonary  	 5/47 	(10.6%)	 23/141 	(16.3%)	
 	 Disseminated 	 9/47 	(19.1%)	 20/141 	(14.2%)
Positive AFB smear 	 26/47 	(55.3%)	 46/140 	(32.9%)	 0.006
Follow-up at < 80% of appointments	 10/37 	(27%)	 16/110 	(14.5%)	 0.085
Outcome 			
 	 Favorable (cure or completed treatment)	 9/25 	(36%)	 86/121 	(71.1%)	 0.001
 	 Unfavorable (default, failure, death) 	 16/25 	(64%)	 35/121 	(28.9%)

AFB, acid-fast bacilli; BMI, body mass index; CKD, chronic kidney disease; DM, diabetes mellitus; 
HIV, human immunodeficiency virus; MDR-TB, multidrug-resistant tuberculosis; TB, tuberculosis.

out of treatment and those who were still 
undergoing treatment at the end of June 
2013, clinical outcomes were available for 
146 patients (77.6%). Of those 146 cases, 15 
(10.3%) were cured, 80 (54.8%) had com-
pleted treatment, 2 (1.4%) failed treatment, 
32 (21.9%) defaulted, 7 (4.8%) died and 10 
(6.8%) did not receive treatment. Treatment 
outcomes were significantly different be-
tween non-MDR-TB and MDR-TB subjects 
(p=0.001) (Table 1). Favorable outcomes 

were more common among non-MDR-TB 
cases than MDR-TB cases. Cures occurred 
in 10 patients (11.6%) and 5 patients (20%) 
with non-MDR-TB and MDR-TB, respec-
tively. Seventy-six patients (88.4%) and 
4 patients (16%) with non-MDR-TB and 
MDR-TB, respectively, completed treat-
ment. Unfavorable outcomes were more 
common among MDR-TB cases: failure 
among 2 patients (12.5%), default among 
9 patients (56.3%) and death among 2 
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Table 2
Anti-tuberculosis resistance rates in patients with MDR-TB and non-MDR-TBa.

Drugs 	 MDR-TB	 Non-MDR-TB

INH 	 47/47 	(100%)	 13/141 	(9.2%)
Rifampicin	 47/47 	(100%)	 1/141 	(0.7%)
PZA	 5/23 	(21.7%) 	 3/60 	(5%)
Ethambutol	 15/47 	(31.9%)	 2/139	(1.4%)
Ofloxacin	 1/27 	(3.7%)	 0
Levofloxacin	 NA	 NA
Moxifloxacin 	 2/43 	(4.7%)	 0
PAS	 7/44 	(15.9%)	 0
Cyclosporine 	 NA	 NA
Ethionamide 	 10/44 	(22.7%)	 0
Streptomycin	 25/45 	(55.6%)	 5/106 	(4.7%)
Kanamycin	 2/44 	(4.5%)	 0
Amikacin	 2/44 	(4.5%)	 0
Ciprofloxacin 	 5/39 	(12.8%)	 0

INH, isoniazid; PZA, pyrazinamide; PAS, para-aminosalicylic acid; NA, not available.
aBy conventional agar proportion method and/or mycobacterial growth ratio between drug-con-
taining and drug-free broth systems.		

Table 3
Factors associated with MDR-TB.

Factors	 p-value	 p-value	 Adjusted OR
		   (univariate)	  (multivariate)	  (95% CI)

Age < 65 yrs	 0.014	 0.048	 6.94 (1.02-45.49)
Male 	 0.400	 0.322	 1.84 (0.55-6.18)
Previous TB 	 <0.001	 <0.001	 51.86 (12.35-217.79)
HIV infection	 0.026	 0.047	 3.83 (1.02-14.38)
Alcohol consumption	 0.097	 0.045	 3.90 (1.03-14.72)
Positive AFB smear	 0.006	 0.262	 1.84 (0.64-5.30)

AFB, acid-fast bacilli; CI, confidence interval; HIV, human immunodeficiency virus; MDR-TB, mul-
tidrug resistant-tuberculosis; OR, odds ratio; TB, tuberculosis.			 

patients (12.5%). Follow-up at <80% of 
the appointments (adjusted OR=13.51; 
95% CI: 3.97-45.45; p<0.001) and previous 
history of TB (adjusted OR=8.16; 95% CI: 
1.76-37.73; p=0.007) were significantly 
related to unfavorable outcomes (Table 
4). Twenty-five patients with MDR-TB 

(excluding those who transferred out or 
were ongoing treatment) were analyzed to 
identify factors associated with unfavor-
able outcomes. We found no significant 
variables associated with unfavorable 
outcomes among MDR-TB patients (data 
not shown). 
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Table 4
Factors associated with unfavorable outcomea.

Factors	 p-value	 p-value	 Adjusted OR
	 (univariate)	 (multivariate)	 (95% CI)

MDR-TB	 0.002	 0.204	 2.46 (0.61-9.85)
Age ≥ 65 yrs	 0.168	 0.641	 1.32 (0.41-4.29)
Gender 	 0.298		
BMI	 0.087	 0.088	 1.15 (0.98-1.35)
HIV status	 0.22		
Extrapulmonary or disseminated TB	 0.278		
Previous TB 	 <0.001	 0.007	 8.16 (1.76-37.73)
Follow-up at < 80% of appointments	 0.085	 <0.001	 13.51 (3.97-45.45)

BMI, body mass index; CI, confidence interval; HIV, human immunodeficiency virus; MDR-TB, 
multidrug resistant tuberculosis; OR, odds ratio; TB, tuberculosis.
aTreatment default, treatment failure, or death.

DISCUSSION

The prevalence of MDR-TB at Siriraj 
Hospital during the study period was 
2.6%, similar to previous studies from 
hospitals in Thailand (2.4%) (Reechaipi-
chitkul, 2002; Boonsarngsuk et al, 2009). 
The prevalence of MDR-TB in Thailand 
among HIV patients was found to be 6.2% 
(Sungkanuparph et al, 2007) and among 
incarcerated persons was found to be 
18.8%-19.5% (Pleumpanupat et al, 2003; 
Tansuphasiri et al, 2003). 

Having a previous history of TB was 
a risk factor associated with MDR-TB in 
our study, similar to several other stud-
ies (Casal et al, 2005; Faustini et al, 2006; 
Boonsarngsuk et al, 2009; Bojorquez et al, 
2013; Liu et al, 2013). The median interval 
for recurrence of MDR-TB infection was 24 
months in our study, significantly shorter 
than the recurrence of non-MDR-TB infec-
tion. Patients with a TB relapse within 1-2 
years after completing treatment are at 
increased risk of drug resistance (Luzze  
et al, 2013). Early relapse (within 6 months 
of completing treatment) and incomplete 

treatment have both been associated with 
rifampicin resistance (Boonsarngsuk et al, 
2009). Among patients with a previous 
history of TB who have a recurrence of TB 
infection within 2 years, MDR-TB should 
be highly suspected. 

Another risk factor for MDR-TB in 
our study was age <65 years; similar to 
the findings of a review of pooled data 
from several European countries (Faustini 
et al, 2006).

History of alcohol consumption was 
also a factor significantly associated with 
MDR-TB in our study, even after multiva- 
riate analysis adjusting for other important 
factors (age, previous history of TB, and 
schedule adherence). 

HIV co-infection was identified in our 
study as a risk factor for MDR-TB, similar 
to several other studies. According to the 
Thailand TB Active Surveillance Network, 
36% of pulmonary MDR-TB co-existed 
with HIV infection (Akksilp et al, 2009). 
HIV co-infection is a risk factor for single 
drug resistance TB (Djuretic et al, 2002), 
polydrug-resistance TB (Mac-Arthur  
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et al, 2001), and multidrug-resistance TB 
(Schwoebel et al, 1998; Irish et al, 1999; 
Demissie et al, 2001; Djuretic et al, 2002; 
Faustini et al, 2006). A recent meta-analysis 
showed a 2.28-fold greater risk of pri-
mary anti-TB drug resistance with HIV 
co-infection (Mesfin et al, 2014). At Siriraj 
Hospital, most HIV-infected patients (es-
pecially those with low CD4 counts) are 
impoverished, do not have a caregiver or 
have frequent hospitalizations due to re-
current medical illnesses. As a result, there 
is a risk for emergence of primary and/or 
secondary drug resistance in this group. 

Body mass index (BMI), other medi-
cal conditions and immunosuppressive 
therapies were comparable between 
those with MDR-TB and non-MDR-TB. 
Although the AFB positive smear rate was 
significantly higher among patients with 
MDR-TB, multivariate logistic regression 
analysis did not show a significant as-
sociation between a positive AFB smear 
and drug resistance. Confounding factors, 
such as collection method, mycobacterial 
load, burden of disease, and host immune 
status may have affected these findings.

In some previous studies, male gen-
der (Irish et al, 1999; Faustini et al, 2006) 
and number of lobes of the lungs involved 
(Flament-Saillour et al, 1999) were factors 
associated with MDR-TB. However, in this 
study, we did not find gender or sites of 
infection to be risk factors for MDR-TB 
infection. 

In the MDR-TB group, 55.6% of pa-
tients exhibited streptomycin resistance, 
similar to the streptomycin resistance rate 
(54%) from a previous study (Casal et al, 
2005). Streptomycin should not be part 
of an empirical regimen to treat possible 
MDR-TB. However, resistance to second-
line injectable agents, such as amikacin 
and kanamycin was found in only 4.5%. 
Resistance to ethambutol and pyrazin-

amide in the MDR-TB group was found 
in 31.9% and 21.7%, respectively, which 
differs from previous studies. Ethambutol 
resistance rates vary from 8% (Flament-
Saillour et al, 1999) to 42% (Casal et al, 
2005). Pyrazinamide resistance was found 
in 36% in one study (Casal et al, 2005). 
The WHO recommends ethambutol and 
pyrazinamide be used in the treatment of 
MDR-TB (WHO, 2011). However, given 
that pyrazinamide requires an acidic envi-
ronment to inhibit mycobacterial growth 
(Hoffner et al, 2013), an incorrectly per-
formed AST may lead to a false-positive 
diagnosis of resistance. Fewer than 5% of 
MDR-TB cases in our study were resistant 
to fluoroquinolones, such as ofloxacin 
and moxifloxacin. However, MDR-TB 
resistance to ciprofloxin, another fluo-
roquinolone, was seen in 12.8%. In vitro 
and in vivo studies have found fluoroqui-
nolone activity against M. tuberculosis in 
descending order as follows: moxifloxacin 
> levofloxacin > ofloxacin (JI et al, 1995; 
Alvirez-Freites et al, 2002). Ciprofloxacin 
has not been found to be effective against 
pulmonary TB in clinical studies (Mo-
hanty and Dhamgaye, 1993; Kennedy et al, 
1996). Ciprofloxacin should not be used to 
treat TB. MDR-TB was found to be resis-
tant to para-aminosalicylic acid in 15.9% 
of cases and ethionamide in 22.7% of cases 
in our study. Evaluation of in vitro activ-
ity by these agents is unreliable due to 
inherent in vitro instability, varying drug 
potencies, and technical errors during 
drug susceptibility testing (WHO, 2008).

Poor compliance and previous his-
tory of TB were the two most important 
factors related to an unfavorable outcome 
in our study. Twenty-seven percent of sub-
jects with MDR-TB and 14.5% with non-
MDR-TB did not follow-up at least 80% 
of the appointments. Non-compliance is 
associated with unsuccessful treatment 
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outcomes. Patients who receive directly 
observed therapy (DOT) for the full dura-
tion of their treatment had greater treat-
ment success than partial observation or 
self-administered therapy (Orenstein et al, 
2009; Anderson et al, 2013). DOT has been 
suggested by WHO as a key factor for suc-
cessful treatment of tuberculosis (WHO, 
2011). DOT has not been implemented at 
our hospital; a factor that may potentially 
explain poor patient compliance. Having 
a previous history of TB was associated 
with MDR-TB and unfavorable outcomes 
in our study. Patients with previous his-
tory of TB had a significantly greater 
percentage of positive AFB smears (56.3%) 
than those who never had TB before 
(34.8%). A positive AFB smear was usu-
ally associated with a high mycobacterial 
load, which could cause severe disease 
and a poorer outcome. A previous study 
found MDR-TB was associated with treat-
ment failure and a greater mortality rate 
(Lockman et al, 2001). We did not find 
an association between MDR-TB and 
treatment outcome because most of our 
MDR-TB patients received care by special-
ists. HIV was not associated with a poor 
outcome in our study, contrary to reports 
from previous studies (Farley et al, 2011; 
Anderson et al, 2013). Improved access to 
anti-retroviral treatment in our study may 
have resulted in the better outcomes we 
observed. Subgroup analysis found no 
factors significantly associated with an 
unfavorable outcome in MDR-TB. A factor 
not evaluated in our study was the MDR-
TB genotype. We did not identify or evalu-
ate specific strains of MDR-TB. Marais  
et al (2013) found the Haarlem family of 
M. tuberculosis strains to be significantly 
associated with treatment outcome.

Our study had some limitations. First, 
the retrospective design of this study pre-

vented us from assessing social factors, TB 
contacts, history of TB, compliance, and 
treatment outcomes. Patient data were 
mostly obtained from medical charts, mak-
ing information about these variables often 
unobtainable. HIV status was checked in 
only 87% of subjects. As such, HIV sero-
positivity may have been underestimated, 
preventing an observable association with 
MDR-TB. The study population was too 
small to effectively evaluate some factors 
associated with unfavorable outcomes in 
MDR-TB. Patients diagnosed with MDR-
TB in December 2012 did not have 18-24 
months of follow-up due to the June 2013 
study cut-off date. Future long-term pro-
spective cohort studies and epidemiologi-
cal studies should be conducted to more 
accurately identify and determine risk 
factors for and prevalence of MDR-TB.

From our study, factors significantly 
associated with MDR-TB were age <65 
years, previous history of TB, HIV co-
infection, and alcohol consumption. These 
risk factors should alert physicians to the 
possibility of MDR-TB. Prompt identifi-
cation of high-risk patients and effective 
treatment could help reverse the increas-
ing trend in drug-resistant TB in Thailand.
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