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Background: Drug-resistant tuberculosis remains a major public health threat complicating 
tuberculosis control programs globally. Data on rifampicin resistance (RR), which is a 
surrogate marker for multidrug resistance, are limited among Ethiopian tuberculosis patients. 
This study aimed to determine the magnitude of rifampicin-resistant Mycobacterium tuber
culosis (RR-MTB) among presumptive tuberculosis patients attending St. Peter Tuberculosis 
Specialized Hospital, Addis Ababa, Ethiopia.
Patients and Methods: A retrospective cross-sectional study was conducted at St. Peter 
Tuberculosis Specialized Hospital from January 2016 to December 2018. After checking 
completeness of the necessary information, data of tuberculosis-presumptive cases who 
underwent Gene Xpert® testing were collected from medical records using a data-extraction 
format prepared for this study purpose. Data were double entered and analyzed using SPSS 
version 20 statistical software.
Results: A total of 12,685 presumptive tuberculosis patients were included; of whom 54.5% 
were males and the mean age of the study participants was 40.3±18.7 years. Mycobacterium 
tuberculosis (MTB) was detected in 1714 participants (13.5%). Of these MTB cases, 169 
cases (9.8%) were confirmed to have RR-MTB. Prevalence of MTB was relatively higher 
among males (15.1%, P=0.78); whereas RR-MTB was higher among females (10.3%, 
P=0.81). The incidence of MTB and RR-MTB was significantly associated with treatment 
history (P=0.042 and P=0.025), respectively. HIV infection has significantly associated with 
incidence of RR-MTB (P=0.032), but not with MTB (P˃0.05). Prevalence of MTB and RR- 
MTB had a declining trend through time, being 16.7% and 12.9%, 12.8% and 9.1%, and 
12.2% and 7.9% in 2016, 2017 and 2018, respectively.
Conclusion: This study showed a decreasing trend of both MTB and RR-MTB from 2016 
to 2018 in an MTB, MDR-MTB, and TB/HIV co-infection high-burden setting, Addis 
Ababa, Ethiopia. Occurrence of MTB and RR-MTB was associated with treatment history. 
Therefore, improvement in treatment adherence of identified cases would be helpful to 
prevent emergence or re-emergence of MTB and RR-MTB cases.
Keywords: Mycobacterium tuberculosis, rifampicin resistance, Ethiopia, St. Peter 
Tuberculosis Specialized Hospital

Introduction
Despite the recent progress of global control efforts, tuberculosis (TB) remains a 
major public health threat globally.1,2 It remains the top infectious killer worldwide 
with 10 million people falling ill in 2018.3 According to the World Health 
Organization (WHO) 2019 report, there were an estimated 1.2 million TB deaths 
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among HIV-negative people in 2018, and an additional 
251,000 deaths among HIV-positive people. Since 2007, 
TB has been the leading cause of death from a single 
infectious agent, ranking above HIV/AIDS.3 Globally, 
the TB mortality rate is falling at about 3% per year. TB 
incidence is falling at about 2% per year; this needs to 
improve to 4–5% per year by 2020 to reach the first mile
stones of the End TB Strategy.1,4

Multidrug-resistant tuberculosis (MDR-TB) is said to 
occur if the strain of Mycobacterium tuberculosis is resis
tant to at least rifampicin and isoniazid is a threat, which 
complicates diagnosis, treatment and control of the 
disease.4,5 In 2017, the WHO estimated 558,000 new 
cases of rifampicin-resistant TB (RR-TB) globally, and 
among these cases an estimated 82% had multidrug-resis
tant TB (MDR-TB); on average 3.5% of new TB cases and 
18% of previously treated cases had MDR/RR-TB.6 The 
WHO-recommended rapid diagnostic test for detection of 
TB and RR is the Gene Xpert® MTB/RIF assay (Cepheid, 
USA). The assay is performed using the Gene Xpert® 

platform and is a fully automated nested real-time poly
merase chain reaction (PCR) system, which simulta
neously detects MTB complex DNA in sputum and 
identifies mutations in the gene that are associated with 
RR.7,8

Ethiopia ranks 10th among the high TB-pandemic 
countries and 15th among the 27 high-MDR-TB countries 
with more than 5000 estimated MDR-TB patients each 
year.5,9 A recently published meta-analysis report indi
cated that in Ethiopia 2.18% of newly diagnosed and 
21.07% of previously treated patients have MDR-TB 
with overall prevalence of 7.24%.10 Similarly, a meta- 
analysis and systematic review by Eshetie et al has 
revealed that the burden of MDR-TB remains high in 
Ethiopian settings, and previous TB treatment was the 
most powerful predictor for MDR-MTB infection.11

In Ethiopia, sputum-smear microscopy using an acid 
fast bacilli staining technique has been the backbone of 
TB-case detection in the past few decades. Mycobacterium 
tuberculosis culture, the gold standard test, and drug resis
tance testing is limited only to regional laboratories and 
primarily used for research purposes due to a scarcity of 
resources and equipped laboratory facilities. Determining 
the magnitude of RR-MTB with advanced technology is 
critical to establish the preventive strategies of drug-resis
tant tuberculosis. As long as the published literatures are 
concerned, the magnitude of RR-MTB using Xpert® 
MTB/RIF in Ethiopia is limited. Therefore, this study 

aimed to retrospectively determine the magnitude of 
MTB and RR-MTB among presumptive TB patients at 
St. Peter Tuberculosis Specialized Hospital, Addis 
Ababa, Ethiopia.

Patients and Methods
This retrospective cross-sectional study was conducted at 
St. Peter Tuberculosis Specialized Hospital, Addis Ababa, 
Ethiopia. The hospital is under the Ethiopian Federal 
Health Ministry which has been providing MDR-TB treat
ment for patients referred from all regional states and city 
administrations of Ethiopia. The hospital has the mission 
to provide diagnostic, therapeutic and monitoring care for 
all referral TB cases in the country and in-patient care for 
both susceptible and resistant TB cases.

In this study, a total of 12,685 presumptive TB patients 
referred to St. Peter TB Specialized Hospital from January 
2016 to December 2018 who have a complete record of 
the necessary data were included. A single sputum speci
men from each patient was analyzed using the Gene 
Xpert® MTB/RIF assay (Cepheid, USA) following the 
manufacturer’s instructions by trained medical laboratory 
technologists working in the medical laboratory depart
ment of the Hospital.

Study Instrument and Variables
Variables such as sociodemographics, date of registration, 
medical history, laboratory results and other information 
including HIV/AIDS status and previous tuberculosis 
treatment status were recorded from the patients’ medical 
register. Participants’ data were collected using a pre- 
tested structured data extraction format specifically pre
pared for this study.

Data Analysis
Data were entered and analyzed using Statistical Package 
for Social Sciences (SPSS) for Windows version 20.0 
statistical software. Descriptive statistics such as fre
quency and percentage count were used to summarize 
data; tables and figures to present data. The chi-square 
test was used to test the association of MTB and RR- 
MTB with independent variables. A P-value of <0.05 
was considered statistically significant.

Ethical Consideration
The study protocol was ethically approved by the Research 
Ethics Committee of Addis Ababa University, College of 
Health Sciences, Department of Medical Laboratory 
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Sciences with protocol approval number DRERC/356/18/UG 
to conduct the study. In this study, we have collected data of 
patients retrospectively from medical records after getting 
permission to conduct the study from St. Peter Tuberculosis 
Specialized Hospital. Informed consent was not sought from 
study participants since the study was retrospective and we 
have used the clinical data obtained for routine medical 
services. All patient identifiers were removed and only code 
numbers were used throughout the study to keep confidenti
ality of data.

Result
In this study a total of 12,685 patients were involved; 7040 
males and 5634 females. Among these, about 88.8% had 
unknown HIV sero-status (not available in the record) and 
6.1% were HIV-positive. About 43.6% of the study parti
cipants were within the age group between 21 and 40 years 
and the mean age was 40.3±18.7 years. The new cases 
comprise 85% of study participants, followed by the 
relapse cases (13.5%) (Table 1).

Among the total presumptive TB study participants, the 
overall prevalence of MTB was 13.5% (MTB was detected 
among 1714 patients from a total of 12,685 participants). It 
was 15.1% and 11.5% among male and female study 

participants, respectively, and gender did not show a statisti
cally significant association with the prevalence of MTB 
infection (P=0.782). Patients within the age category of 6–20 
years were found to have a higher proportion of MTB cases 
(22.7%), followed by 21–40 years (18.7%) and >80 years 
(16.5%) old, whereas it is relatively lower among children 
aged ≤5 years (8.5%); MTB prevalence showed a statistically 
significant difference over the different age groups (P=0.039) 
(Table 2).

Similarly, among presumptive TB patients the proportion 
of MTB was 34.1%, 19.1%, 14.1% and 13.1% among study 
participants coming for treatment after failure of the first 
treatment, for treatment after lost to follow-up, for lapsing 
cases and for new cases, respectively. Mycobacterium tuber
culosis infection showed a statistically significant variation 
among study participants with different treatment categories 
(P=0.042). Among HIV sero-positive presumptive TB 
patients, MTB was detected among 16.5% of the partici
pants; however, it did not show a significant difference with 
HIV sero-status of the participants (P˃0.05) (Table 2).

Table 1 Demographic and Clinical Characteristics of Study 
Participants at St. Peter Tuberculosis Specialized Hospital, Addis 
Ababa, Ethiopia, from 2016 to 2018

Variables Category Frequency Percentage

Sex Female 5645 44.5
Male 7040 54.5

Age, mean±SD 40.3±18.7

Age in years ≤5 62 0.5
6–20 1165 9.2

21–40 5527 43.6

41–60 3848 30.3
61–80 1883 14.8

>80 200 1.6

HIV status Positive 775 6.1
Negative 646 5.1
Unknown 11,264 88.8

TB category New 10,772 85
Relapse 1713 13.5

Treatment after 

failure of the first

132 1

Treatment after lost 

to follow-up

68 0.5

Table 2 Association of Clinical and Sociodemographic Factors 
with M. Tuberculosis Among Presumptive TB Patients Who 
Visited St. Peter Tuberculosis Specialized Hospital from 2016 to 
2018 (n=12,685)

Variables M. tuberculosis Status P- 
value

Category MTB- 
Positive, n 
(%)

MTB- 
Negative, 
n (%)

Sex Female 650 (11.5) 4995 (89.5) 0.782
Male 1064 (15.1) 5976 (84.9)

Age in years ≤5 5 (8.1%) 57 (91.9)
6-20 264 (22.7) 901 (77.3) 0.039
21–40 1037 (18.7) 4490 (81.3)

41–60 201 (5.2) 3647 (94.8)
61–80 174 (9.2) 1709 (81.8)

>80 33 (16.5) 167 (73.5)

HIV status Positive 128 (16.5) 647 (83.5) >0.05
Negative 138 (21.3) 508 (79.7)
Unknown 1448 (12.85) 9816 (87.25)

TB category New cases 1415 (13.1) 9357 (86.9) 0.042
Relapse 241 (14.1) 1472 (85.9)

Treatment 

after failure 
of first

45 (34.1) 87 (65.9)

Treatment 

after lost to 
follow-up

13 (19.1) 55 (79.9)
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Among 1714 MTB confirmed cases, RR was detected 
among 169 patients (9.8%) and 20 cases were indeterminate 
(1.17%). Rifampicin resistance was a bit higher among 
female patients (10.3%) than males (9.6%) (P=0.81). 
Although the participants were few in number, RR was 
detected in one child among five MTB-confirmed children 
within 5 years of age; and RR showed a significant differ
ence among the different age categories (P≤0.001). 
Similarly, among new, relapse, treatment after failure of 
the first treatment and treatment after lost to follow-up 
cases were 8.3%, 15.76%, 22% and 23%, respectively, 
revealing a significant difference of RR among the different 
categories of MTB cases (P=0.025). In relation to HIV sero- 
status of MTB cases, RR was 12.5%, 9.1% and 7.2% among 

HIV sero-positive, unknown and sero-negative patients, 
respectively, showing a significant difference with HIV 
sero-status of the patients (P=0.032) (Table 3).

In this study area, prevalence of MTB had shown a slight 
decline through time; 16.7% in 2016 to 12.2% in 2018. 
Similarly, RR among MTB patients showed a declining 
trend from 12.9% in 2016 to 7.9% in 2018 (Figure 1).

Discussion
Tuberculosis is largely a disease of poverty which dispro
portionately affects peoples in resource-scarce settings, 
particularly in Africa and Asia. More than 90% of new 
TB cases and deaths occur in developing countries.6 The 
risk of tuberculosis is higher among people living in low 

Table 3 Association of RR-MTB with Sociodemographic and Clinical Factors of Patients

Variables RR Status P-value

Category Positive, n (%) Indeterminate, n (%) Negative, n (%)

Total MTB cases 169 (9.8) 20 (1.2) 1525 (89)

Gender Female 67 (10.3) 7 (1.1) 576 (88.6) 0.81
Male 102 (9.6) 13 (1.2) 949 (89.2)

Age in years ≤5 1 (20) – 4 (80%) <0.001
6–20 27 (10.2) 5 (1.9) 232 (87.9)
21–40 109 (10.5) 8 (0.8) 920 (88.7)

41–60 25 (12.4) 2 (0.1) 174 (86.5)

61–80 4 (2.2) 4 (2.2) 166 (95.4)
>80 3 (9.1) 1 (3) 29 (87.9)

HIV status Positive 16 (12.5) 5 (3.9) 107 (83.6) 0.032
Negative 10 (7.2) 12 (8.7) 116 (84.1)

Unknown 133 (9.2) 3 (0.2) 1312 (90.6)

TB category New cases 118 (8.3) 6 (0.4) 1291 (91.3) 0.025

Relapse 38 (15.76) 9 (3.7) 194 (80.5)
Treatment after failure 10 (22.2) 3 (6.7) 32 (71.1)

Treatment after lost to follow-up 3 (23.1) 2 (15.4%) 8 (61.5)

Figure 1 Trend of MTB and rifampicin resistance from 2016 to 2018 at St. Peter Tuberculosis Specialized Hospital, Addis Ababa, Ethiopia.
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socioeconomic status, the immune-suppressed, extreme 
age (older and children) groups, smokers and those having 
close contact with active tuberculosis cases.12,13 On top of 
being the major infectious killer worldwide, the emergence 
of drug-resistant forms of TB which need more resources 
to detect, to successfully treat and to effectively reduce the 
burden is among the top challenges we are facing.3,14

This study revealed an overall 13.5% prevalence of 
MTB among presumptive TB patients. This finding is 
lower compared to previous studies conducted in different 
parts of Ethiopia as well as in different countries around 
the world; 15.11% in Addis Ababa,15 20% in Gambella 
(Southwest Ethiopia),16 24.3% in Bahirdar (Northwest 
Ethiopia),17 21.32% in Kathmandu, Nepal,18 23% in 
Northern Nigeria (23%),19 27.6% in India,20 26% in 
South Africa21 and 37.7% in Lagos, Nigeria.22 The prob
able reason for this lower prevalence of MTB might have 
been geographical and demographical variation in the 
study population as well as the decreasing trend of tuber
culosis which is in line with the WHO estimates.

According to the 2019 WHO Global Tuberculosis 
Report, TB affects people of both sexes in all age groups 
but the highest burden was in adult men, who accounted 
for 57% of all TB cases in 2018.3 In the current study, it 
was observed that MTB was more frequent among males 
(15.1%) compared to females (11.5%); this was in agree
ment with studies such as Datiko and Lindtjorn,23 Jaleta et 
al24 and Jetan et al.25 This difference in incidence of 
tuberculosis among gender might be due to differences in 
social roles, risk behaviors and activities. Males may travel 
more frequently; have more social contacts; spend more 
time in settings that may be conducive to transmission, 
such as bars; and engage in professions associated with a 
higher risk for tuberculosis.26 Women may also underre
port their disease and seek care outside health institutions 
because of socioeconomic constraints.

Age remains an important variable influencing the risk 
of disease progression following a primary infection with 
Mycobacterium tuberculosis. Disease manifestation pat
terns show clear associations with age at the time of 
primary infection.27 Despite the fact that TB is an impor
tant cause of childhood morbidity and mortality world
wide, childhood tuberculosis has been neglected by 
health programmers and academics because children fre
quently have paucibacillary disease and are not thought to 
be infectious from a public health perspective.28,29 

Childhood tuberculosis is an indicator of a recent trans
mission of the disease in the community.30 Although the 

true burden of childhood TB is underestimated because of 
the challenge in diagnostic accuracy, children accounted 
for 11% of the overall global TB cases that occurred in 
2018.3 A mathematical modeling study of burden of child
hood TB in 22 high-burden countries showed that the 
predicted proportion of tuberculosis burden in children 
for each country is correlated with incidence, varying 
between 4% and 21%.28 Although the national burden of 
childhood tuberculosis is not known in Ethiopia, retro
spective studies conducted in Tigray region, Northern 
Ethiopia31 and Southern Ethiopia32 showed 8.1% and 
13% among all notified tuberculosis cases, respectively.

Even though it is difficult to compare with previous 
studies directly, as different studies used different cutoff 
points for age groups, in this study TB was more prevalent 
among participants within age groups of 6–20 years 
(22.7%) and 21–40 years (18.7%); and lower within age 
groups of 41-60 years. This was in agreement with pre
vious studies conducted in different parts of Ethiopia such 
as Gambela,16 Gondar,24 Debre Markos33 and Southern 
Ethiopia.34 The prevalence of TB in under-5 children 
was 8.1%, which was relatively lower when compared to 
the adolescent group. This is a good indicator for the 
impact of TB on the young age group of the society and 
this could be likely due to high mobility from place to 
place, increased risky sexual behaviors, high workload and 
environmental exposure that increases acquisition of TB 
infection. This could also add up on the economic burden 
of society in developing countries.

Ethiopia is among the countries which are endemic 
with TB, MDR-TB and TB-HIV co-infection.6 It has 1% 
overall national adult HIV/AIDS prevalence35 and 22% 
pooled prevalence of TB-HIV co-infection.36 Although 
the majority of presumptive TB patients (88.8%) in this 
study had unknown HIV status (not tested), the prevalence 
of TB-HIV co-infection was 16.5%. Our finding was 
higher than previous studies in Addis Ababa (6.7%)15 

and Nigeria (12.5%),37 but relatively lower than the 
WHO 2016 estimate of TB/HIV co-infection in Ethiopia 
(19.1%).4 This discrepancy might be due to the epidemio
logical variation of HIV in different communities and the 
level of HIV testing performed in different studies.

The prevalence of RR-MTB in this study was 9.8%, 
which was comparable to the 9.9% prevalence reported 
from Addis Ababa,15 10.3% prevalence from Debre 
Markos33 and 9.9% from Kenya.38 However, our finding 
was lower compared to reports by Mesfin et al from Addis 
Ababa (39.4%),39 Jaleta et al from Gondar (15.8%),24 
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Hordofa from Southern Ethiopia (3.4% of RR-MTB from 
16.5% total MTB cases, or 16.3%)40 and Adejumo et al 
from Lagos, Nigeria (23.4%).22 Meanwhile, it was higher 
than findings from previous studies conducted in Gambella 
(4.9%),16 in Afar region Dubti (4.3%),41 in Eastern 
Ethiopia (1.7%),42 in East Gojjam (2.59%)43 and in 
Nigeria (6.9%).37 These differences from place to place 
could be due to differences in patient selection, TB case 
management, diagnosis and treatment compliance. 
Additionally, rifampicin has several adverse effects that 
could result in patient non-adherence, and hence may 
lead to an increase in resistant strains.

It is known that MDR-TB can result from either being 
infected by a drug-resistant MTB from index patients of a 
primary drug resistance or drug-susceptible MTBC strains 
can develop resistance to anti-TB drugs resulting in acquired 
drug resistance.44 Drug-resistant TB is largely the conse
quence of human error as a result of poor supply manage
ment and quality of anti-TB drugs and inadequate or 
improper treatment which is further exacerbated by HIV.45 

Studies have reported that retreatment MTB cases are more 
likely to harbor strains with full or partial drug resistance for 
drugs used in previous treatment so that acquired drug resis
tance is mostly observed among them.43,46 Recent review 
articles from Ethiopia have revealed a history of previous 
treatment is the major determinant for MDR-TB after 
reviewing 34 and 16 articles10,11. Globally in 2017, an esti
mated 3.5% (95% confidence interval [CI]: 2.5–4.7%) of 
new cases and 18% (95% CI: 6.3–34%) of previously treated 
cases had MDR/RR-TB.6 The current study showed 23%, 
22.2%, 15.76% and 8.3% prevalence of RR-MTB among 
patients treated after lost to follow-up, treatment after failure 
of first treatment, relapse cases and new cases, respectively 
(P=0.025), so that majority were retreatment cases. This was 
in agreement with previous studies conducted in different 
areas16,24 as well as with the Ethiopian national prevalence 
for previously treated cases.6

A study conducted among smear-positive pulmonary 
tuberculosis patients in Eastern Ethiopia has reported that 
any drug resistance was associated with HIV infection 
(COR=3.7, 95% CI: 1.905–7.222) (P=0.000).42 Our study 
showed a higher rifampicin resistance among HIV sero– 
positive tuberculosis patients (12.5%) than sero-negative 
patients (7.2%) (P=0.032). In support of our finding, whether 
it is statistically significant or not, several studies revealed 
that TB patients with concurrent HIV infection were at higher 
risk of acquiring rifampicin resistance.46–49

The WHO Global Tuberculosis Report indicated that 
the average rate of decline in the TB incidence rate was 
1.6% per year in the period 2000−2018, and 2.0% between 
2017 and 2018; and the cumulative reduction between 
2015 and 2018 was only 6.3%. Ethiopia is among the 30 
high-TB-burden countries, those on track to reach the 
2020 milestone of a 20% reduction in the TB incidence 
rate.3 The country has been practicing educational, man
agerial and regulatory interventions for prevention of TB, 
containment of antimicrobial resistance in general and 
MDR-TB in particular to curb the problem. Among the 
measures taken were client and community empowerment 
and awareness using adherence counseling, group educa
tions and mass media broadcasts; capacity building as pre- 
service and in-service training of health practitioners; stan
dardization of practices and antimicrobial use policy; 
improving access to antimicrobials, case detection through 
quality assured laboratories, monitoring and evaluation 
system with TB infection control impact measure and 
establishing/strengthening of antimicrobial stewardship 
committees.45,50,51 In line with this, our study showed a 
declining trend of MTB from 16.7% to 12.8% and 12.2% 
in 2016, 2017 and 2018, respectively. Similarly, preva
lence of rifampicin RR-MTB was declining from 12.9% 
to 9.0% and to 7.9%, respectively. Our finding was also 
supported by other studies done in Southern Ethiopia,52 

Western Ethiopia16 and in Jigjiga district53 revealing 
declining patterns of MTB/RR. The probable reasons for 
this decrease in MTB or RR-MTB incidence might be the 
continuous implementation of DOTS which is vital for 
effective adherence of patients to treatment, increased 
availability of health facilities and health service delivery 
improvement and increased awareness of the public about 
the disease.52

The strength of our study was the use of routine 
clinical data collected from a real-life clinical setting to 
describe the prevalence and trend of MTB and RR-MTB 
among presumptive tuberculosis patients, who under
went Gene Xpert® testing at a Tuberculosis Specialized 
Referral Hospital, on which information was limited 
among Ethiopian participants. However, the findings of 
this study should be considered alongside its limitations. 
The study was conducted by retrospectively reviewing 
medical records of patients who underwent Gene Xpert® 

test for MTB/RR. The majority of presumptive TB 
patients had unknown HIV status (not tested) which 
could be a limitation since HIV infection is an important 
determinant for incidence of TB and its drug resistance. 
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The study did not include mycobacteriological laboratory 
works such as sputum smear examination using acid fast 
bacilli stain and culture as well as chest X-ray results as 
comparators for Gene Xpert® findings. In addition, we 
could not identify whether the rifampicin-resistant cases 
were tuberculosis or non-tuberculosis mycobacteria since 
the Gene Xpert® test result was a sole diagnostic for TB 
and RR for eligible cases in the study setting.

The recent unprecedent COVID-19 crisis may have an 
impact on TB prevention and control systems in different 
aspects. The stay at home measure taken to prevent the 
spread of COVID-19 might facilitate the household trans
mission of TB. The disruption of the healthcare settings 
due to the workload and service shift by COVID-19 might 
compromise treatment and the diagnostics service of TB. 
On top of this, the enormous damage of global and 
national economies by the pandemic will have an ultimate 
impact on TB prevention and control systems especially in 
resource-scarce high-TB-burden developing countries like 
Ethiopia; which might affect the WHO End TB Strategy 
by 2035.

Conclusion
Generally, the study has shown a decreasing trend of both 
incidence of MTB and RR-MTB from 2016 to 2018 in an 
MTB, MDR-MTB and TB/HIV co-infection high-burden 
setting, Addis Ababa, Ethiopia. Occurrence of MTB and 
RR-MTB was found associated with previous treatment 
history. Therefore, strict adherence to follow-up in identi
fied cases would be helpful to prevent emergence or re- 
emergence of MTB and RR-MTB.
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