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Abstract  Multi-Drug resistant Tuberculosis (MDR-TB) 
is becoming a major challenge of the tuberculosis (TB) 
control program in Ethiopia. The objective of the study was 
to investigate risk factors for MDR-TB in Addis Ababa. 
Comparative cross-sectional study was conducted to 
determine the risk factors for MDR-TB in Addis Ababa. 
MDR and non MDR-TB cases were compared on key 
socio-demographic and patient related clinical features for 
multidrug-resistance. A total 439 (113 MDR-TB and 326 
non MDR-TB) were enrolled in to the study. Standard data 
abstraction instrument were used. Data were entered and 
analysed using SPSS version 18 for windows. Initial 
descriptive analyses of all variables of interest, odds ratio, 
univariate and subsequent multiple regression analysis was 
carried out. Male sex (OR 2, 95%CI 1.4-5), younger age of 
15-34 years (OR 2.8, 95%CI 1.7–6.4), twice or more 
episodes of TB treatment (OR 14, 95%CI 1.3-9), treatment 
category of failure after re-treatment (OR 4, 95%CI 
2.5-6.83), pulmonary TB (OR 2, 95%CI 1.7-5) and TB/HIV 
co-infection (OR 2.66, 95%CI 1.32-5.6) were associated 
with the risks of becoming ill with MDR-TB. The national 
TB prevention and control programme should be given 
priority for routine Line Probe Assay to make early 
diagnosis of MDR-TB particularly among those identified 
risk groups. 
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1. Introduction 
Tuberculosis (TB) remains a major global health problem. 

It causes ill-health among millions of people each year and 
ranks as the second leading cause of death from an 
infectious disease worldwide, after the Human 
Immunodeficiency Virus (HIV). The latest estimates 
includes there were 8.6 million new TB cases in 2012 and 
1.3 million TB deaths. Globally, the absolute number of TB 
cases is increasing slowly, although the number of cases per 
capita is falling by around 1% per year [1,2]. 

Global control of TB has been jeopardized by two major 
threats: HIV and Acquired Immuno-Deficiency Syndrome 
(AIDS) and Multi-Drug Resistant Tuberculosis (MDR-TB) 
[2].  MDR-TB is defined as strains of Mycobacterium 
tuberculosis that are resistant to at least isoniazid and 
rifampicin. Drug-resistant TB threatens global TB control 
and is a major public health concern in several countries. In 
2012, data from drug resistance surveys and continuous 
surveillance among notified TB cases suggest that 3.6% of 
newly diagnosed TB cases and 20% of those previously 
treated for TB had MDR-TB worldwide [1]. 

TB is one of the leading infectious diseases in Ethiopia. 
The country ranks 7th in the list of the world’s 22 high burden 
countries for TB with incidence estimated at 379/100,000 for 
all forms of TB and 168/100,000 for smear positive TB. 
The healthcare delivery system in Ethiopia emphasises 
primary healthcare, including preventive, promotive and 
basic curative services which involves prevention and 
control of diseases, including TB [3,4]. 

Drug resistant TB has also become a major challenge of 
the TB control program in Ethiopia. WHO 2008 TB report 
estimates 2,400 new MDR-TB cases occur every year in 
Ethiopia [4,5]. In a study conducted by 2010 in Addis Ababa, 
MDR-TB was observed in one of the 44 new cases (2.3%) 
and 45/63 previously treated patients. Drug susceptibility 
testing against second-line drugs (SLDs) showed that 26.1% 
of all MDR-TB isolates were susceptible to all SLDs tested 
and 73.9% were resistant to one or more classes of SLDs 
(71.4%). The same study indicated T3_ETH was the 
predominant spoligotype, followed by CAS_KILI [6]. In this 
regard, the Ethiopian Government has identified MDR-TB 
as one of priority public health problems and initiated 
comprehensive treatment for MDR-TB cases. One such 
measure includes endorsement of single procurement 
mechanisms for TB drugs and controlled use of second line 
anti-TB drugs since 2009. Furthermore TB operational 
research is to be strengthened within the overall health 
system aligned to the national health policy and health 
sector development program [3].  

Treatment of MDR-TB is more challenging. It requires 
use of second-line drugs that are more costly and cause more 
severe side-effects, and recommended regimens must be 
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taken for up to two years [7,8]. The MDR-TB treatment 
strategy in Ethiopia combines standardised and 
individualized treatment based on second line culture and 
Drug Susceptibility Testing (DST) (kanamycin and 
Ofloxacin) in all confirmed MDR-TB patients. Standardised 
regimens have given to all confirmed MDR-TB cases under 
daily Directly Observed Therapy (DOT). The initial phase is 
at least six months, and then the continuation phase is at least 
12 months. In Ethiopia, the standard regimen for MDR-TB 
uses the combinations of: [Ethambutol- Pyrazinamide – 
Kanamycin (Amikacin)– Levofloxacin – Ethionamide – 
Cycloserine] for six months, and [Ethambutol – 
Pyrazinamide – Levofloxacin – Ethionamide – Cycloserine] 
for 12 months. The total duration may be extended by 
clinicians according the findings of culture conversion [4].  

Like most TB control programmes, the National 
Treatment Program does not have the resources to perform 
culture and Drug and Sensitivity Test (DST) for all TB 
patients [4]. More over the study area is characterized by 
high population growth, density and massive migration of 
peoples from regions. As a result, the proportion and risk of 
MDR-TB infection is estimated to be high. Despite the 
rising public health concern of MDR-TB in the country, 
factors underlying for spread of this diseases is not 
determined. Thus, this study is believed to fulfil the existing 
information gap and help in designing appropriate 
prevention and control strategies. Therefore the aim of the 
study was to determine risk factors for MDR-TB in Addis 
Ababa, Ethiopia.  

2. Materials and Methods 

2.1. Study Setting and Period 

The study was undertaken at 26 public health centers in 
Addis Ababa city from 1 January 2008 to December 30, 
2011. Addis Ababa is the capital city of Ethiopia. It is the 
largest city in Ethiopia, with a population of 3,384,569 
according to the 2007 population census [9]. 

2.2. Study Design 

A comparative cross-sectional study was conducted to 
determine the risk factors for MDR-TB in Addis Ababa, 
Ethiopia. MDR-TB and non MDR-TB patients were 
compared on key socio-demographic and patient related 
clinical features for drug resistance.  

2.3. Study Population 

The study population comprised all MDR and non 
MDR-TB cases who were registered for TB treatment follow 
up in 26 public health centres in Addis Ababa from 1January 
2008 to December 30, 2011. During the study period TB 
treatment were provided at 26 public health centres in the 
city of Addis Ababa. MDR-TB cases were those patients 

diagnosed and confirmed using culture and DST while non 
MDR-TB cases were those either AFB, clinical or 
radiological evidence of sensitive tuberculosis for whom 
complete medical records were available for inclusion. 
MDR and non MDR-TB cases where medical records are 
incomplete were excluded from the study. 

2.4. Sample Size Determination 

A Fleiss sample size calculation formula using Epi Info 
version 3.5.1 for windows were used to calculate the sample 
size. The sample size was determined based on proportion 
of exposure of MDR-TB and non MDR-TB among previous 
TB treatment. According to the Federal Ministry of Health of 
Ethiopia (FMOH), MDR-TB among re-treatment cases is 12% 
compared to 2% among primary TB patients [4]. A marginal 
error of 3%, 80% study power, 95% confidence limit and a 
ratio of 1:3 MDR to non MDR were assumed to enhance 
precision of the study. Consequently, the sample size was 
determined as follows: 

n1 = 
[Z𝛼𝛼
2
�(𝑟𝑟+1)𝑃𝑃𝑃𝑃+Z1−𝛽𝛽�(𝑟𝑟𝑝𝑝1𝑞𝑞1+𝑝𝑝2𝑞𝑞2)]2

𝑟𝑟(𝑝𝑝1−𝑝𝑝2)2
 , n

2
=rxn

1 

n1-number of MDR-TB cases, n2 -number of non MDR-TB 
cases,  Z𝛼𝛼

2

 -standard score corresponding 95% of certainty 
(1.96), Z1−𝛽𝛽-is power of the study (80%), p1-proportion of 
MDR-TB among previously treated (12%), and 
p2-proportion of MDR-TB among new cases (2%), r-ratio of 
MDR to non MDR-TB (1:3), q1=1-p1, q2=1-p2, P=𝑝𝑝1+𝑟𝑟𝑝𝑝2

𝑟𝑟+1
, 

Q=1-P. Accordingly, a total of 400 study participants (100 
MDR-TB and 300 non MDR-TB) were included in this study. 
10% of the samples were added to cater for incomplete data 
making the total sample size of 439 (113 MDR-TB and 326 
non MDR-TB). 

2.5. Sampling Procedure  

Both MDR and non MDR-TB cases were selected using 
systematic random sampling at each health centres. The 
number of non MDR-TB cases from each site was allocated 
proportionally to the load of MDR-TB cases contributed at 
the site. For systematic random sampling list of existing 
MDR-TB and non MDR-TB at each health centre was used 
as a sampling frame. By calculating the sample interval, the 
first TB patient was selected using lottery method and 
subsequent patients were selected by adding the calculated 
sampling interval for each health centres.  

2.6. Data Collection Method and Quality Assurance 

The data collection instruments were designed for a 
standard record review format containing study variables. 
Secondary data was obtained from the registry of national 
TB control program, patient cards, and charts. The forms had 
the following information: patient ID, age, sex, location of 
residence, history of previous TB treatment, episodes of TB 
treatment, treatment category, site of involvement and HIV 
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status. Data abstraction instrument were pretested before the 
actual data collection were took place. Data collectors were 
TB focal nurses who are familiar with national unit TB 
register. Records that meet eligibility criteria based on 
culture, DST, clinical and laboratory results confirmed 
diagnosis were selected. Consultation with medical officers 
and nurses providing medical service for TB patients were 
done to measure the construct domain of the study to ensure 
instruments validity.  

2.7. Data Entry and Analysis 

All data from the questionnaire were coded and entered 
into the Statistical Packages for Social Science (SPSS) 
version 18 (Chicago, Illinois), checked and explored for data 
integrity. Initial descriptive analyses of all variables of 
interest such as frequency and percentages were employed to 
analyse the results. Odds ratios were calculated to determine 
the strength of association between selected variables. 
Univariate analysis was carried out in order to identify 
potential risk factors associated with drug resistance in TB 
treatment and subsequently, multiple regression analysis was 
carried out with the set of variables that showed strong 
association in the univariate model. Statistical inference was 
made at P value <0.05.  

2.8. Ethical Consideration 

The study was approved by the University of South 
Africa postgraduate research and ethics committee and 
Addis Ababa City Administration Health Bureau 
(AACAHB). Based on ethical clearance a request for 
permission letter has detailed explanation of the research 
itself, the reasons for the research and kind of research to be 
conducted in the facility were provided to the authorities at 
the study sites by AACAHB. All explicit patient identifiers 
were removed to ensure anonymity of abstracted medical 
data while maintaining the integrity of the medical records. 
No personal identifiers of the study participants, such as 
name and address were included in the data abstraction form.  

3. Results 

3.1. Demographic Data 

Medical records were reviewed for 113 and 326 patients 
with MDR and non MDR-TB respectively, diagnosed 
between 1 January 2008 to December 30, 2011. Of the total, 
239 (54%) were males and 200 (46%) were females. Among 
the MDR, 73 (64.6%) were males and 40 (35.4%) were 
females; while of the non MDR 166 (51%) were males and 
160 (49%) were females. The youngest TB subject was 5 
years old, while the oldest was 77 years old. The mean age 

was 29 years (standard deviation of 14). More than 60% of 
both MDR and non-MDR patients were 15-34 years old. 362 
(82.2%) were urban residents whereas 78 (17.8%) came 
from rural areas. Urban residents made up 103 (91%) of the 
MDR-TB patients and 259 (79%) among non MDR-TB 
patients.  

3.2. Clinical Features 

Among the MDR-TB cases, 112 (97%) have previously 
been treated for TB in comparison to 31 (10%) of the non 
MDR-TB. 295 (90.5%) of the non MDR-TB had no history 
of previous TB treatment compared to 1 (1%) of the 
MDR-TB cases. Of all MDR-TB cases, 90 (90%) were 
treated twice or more times for tuberculosis in comparison to 
25 (8%) of the non MDR groups. Failure after re-treatment 
constitutes 72 (64%) among MDR-TB cases and 6 (2%) for 
non MDR. 100 (88.5%) and 216 (66%) of the MDR and non 
MDR were respectively infected with pulmonary TB. 
Voluntarily HIV counselling and testing is performed 
routinely for all TB patients as a result all patients were 
tested for HIV during the treatment period. Almost half, 54 
(48%) of MDR-TB and 85 (26%) of the non MDR cases 
were HIV positive. 

3.3. Multiple Logistic Regression Analysis 

Demographic variables, age and sex were found to be 
associated with MDR in univariate analysis. Similarly 
clinical features such as previous history TB treatment, 
twice or more times history of TB treatment, treatment 
category of failure after re-treatment, pulmonary 
involvement of TB and TB/HIV co-infection were found to 
be associated with MDR-TB in univariate analysis. After 
multivariate analysis, aside from geographical location of 
residence, which just failed to reach statistical significance 
(OR 1.6, 95%CI 0.5–5, P = 0.396), other potential risk 
factors were associated with MDR-TB. 

4. Discussion 
The emergence and spread of multi-drug resistant 

tuberculosis MDR-TB is threatening to destabilize global 
tuberculosis control. Ethiopia is among 27 high MDR-TB 
burden countries that carry 87% of the total global burden 
and one of the four countries in Africa (i.e. South Africa, 
Nigeria, and DRC)[3,4]. It was with this fact that the study 
was done in order to determine contributing factors for 
emerging public health problems of MDR-TB. The study 
investigated different factors such as socio-demographic 
and clinical features in order to determine risk factors for 
MDR-TB.  
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Table 1.  Socio-demographic characteristics and clinical features of MDR and non MDR: Factors in the Multivariate analysis 

Characteristics MDR-TB 
(n=113) 

Non MDR-TB 
(n=326) 

Crude OR 
(95% CI) p-value Adjusted ORa 

(95% CI) p-value 

Sex: 
Male 

Female 

 
73 
40 

 
166 
160 

 
1.76 (3-7.7) 

1.00 

 
0.012 

 
2 (1.4-5) 

1.00 

 
0.039 

Geographical location of residence: 
 

Urban 
Rural 

 
 

103 
10 

 
 

258 
68 

 
 

2.7 (1.35-5.5) 
1.00 

 
 

0.005 

 
 

1.6 (0.5-15) 
1.00 

 
 
 

0.396 
Age (in yrs.): 

<14 
15-34 
35-54 
+55 

 
2 

72 
32 
7 

 
15 

199 
83 
29 

 
1.11(0.7-1.2) 
12(4.8-19) 
1.8(0.9-7) 

1.00 

 
0.487 
0.001 
0.221 

 
0.02(0.51-1.02) 

2.8(1.7-6.4) 
1.4(0.08-8) 

1.00 

 
0.981 
0.004 
0.91 

 

Previous history of TB treatment: 
Yes 
No 

 
 

112 
1 

 
 

11 
295 

 
 

1.6 (38-148 ) 
1.00 

 
 

0.00 

 
 

11 (5-9.67) 
1.00 

 
 

0.00 

Episode of TB treatment: 
Once 

≥2 times 
Not used before 

 
22 
90 
1 

 
6 

25 
295 

 
1.00 

10 (3.8-27) 
1.00 

 
 

0.00 

 
1.00 

14 (1.3-9) 
1.00 

 
 

0.024 

Category of TB treatment: 
Failure of first treatment 

Relapse 
Return after default 

Failure after re-treatment 
New (Primarily acquired) 

 
19 
10 
11 
72 
1 

 
6 

15 
4 
6 

295 

 
3.17(0.36-27) 
0.4 (0.05-3.5) 
0.7 (4.56-44) 

6 (2-15) 
1.00 

 
0.297 
0.409 
0.031 
0.0011 

 

 
0.29 (0.91-7) 

0.23 (0.15-8.1) 
6 (.1-10) 

4 (2.5-6.83) 
1.00 

 
0.741 
0.260 
0.29 

0.003 
 

Site of TB involvement: 
Pulmonary 

Extra-pulmonary 

 
100 
13 

 
216 
100 

 
3.2 (3.54-10.7) 

1.00 

 
0.002 

 

 
2 (1.7-5) 

1.00 

 
0.00 

HIV test result: 
Positive 
Negative 

 
59 
54 

 
5 

241 

 
1.7(7-24) 

1.00 

 
0.00 

 
2.66 (1.32-5.6) 

1.00 

 
0.012 

aThe data were analysed using univariate and multivariate logistic regression. 
Each odds ratio has adjusted for all other characteristics in the table.  
OR-odds ratio, aOR-adjusted odds ratio, CI-confidence interval, p< 0.05  

The study showed being male is a risk factor for becoming 
ill with MDR-TB. Similarly, studies has revealed male sex 
was associated with the risk of becoming ill with MDR-TB 
[2,10,11]. The higher prevalence of MDR-TB in men over 
women may be explained by the fact that women are more 
compliant with treatment and therefore less likely to receive 
inadequate treatment than men. Furthermore, men are almost 
always outdoors and therefore more susceptible to 
community-acquired resistant strains [12]. 

More than 60% proportion of both MDR and non-MDR 
TB patients were among young adults aged 15-34 years old 
[2,13,14]. Age-related differences in treatment adherence 
are also possible, as younger patients are often occupied by 
study, work or other activities on a daily basis, in contrast 
with the more sedentary lifestyle post-retirement.  

Evidences showed previous history of anti-tuberculosis 
treatment has been found to pose the greatest risk for the 
development of MDR-TB [2,15,16,17]. Patients who 
received previous anti-tuberculosis treatment had a higher 
fold increased odds of acquiring multidrug resistance and 
prior exposure to anti-TB drugs is a well-established risk 
factor for drug resistance. Among those previously treated 
TB patients, twice or more times history of TB treatment 
were at highest risk of developing MDR-TB in comparison 

to those who were treated less frequently. Frequent treatment 
may arise due to high chances of defaulting of TB patients 
from treatment. Studies in Pakistan showed, 80% of the 
MDR-TB patients used anti-TB treatment course twice or 
more times [18].  

TB treatment category was associated with occurrence of 
MDR-TB. Patients who fail after re-treated for TB were 
higher fold riskier in developing MDR-TB relative to other 
treatment categories. Strong association of MDR-TB were 
demonstrated in those fails after re-treated [19]. This 
suggests a need for clear medication guide and provision 
constant reminders for patients during their DOTs to prevent 
acquisition of MDR-TB. The national TB control 
programme doesn’t have the capacity to perform DST for all 
TB patients and for all MDR suspects [5]. Thus, priority 
should be given for routine DST for those failed after 
previously re-treated to make early diagnosis of MDR-TB. 
Furthermore, the TB control programme could have to 
consider Line Probe Assay (LPA) for rapid diagnosis of 
MDR suspects over conventional DST as it can perform high 
volume of a test per day and facilitate early initiation of 
correct treatment and appropriate measures to prevent 
transmission [20]. 

Based on these findings, it is plausible to assume that 
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pulmonary involvement of TB is associated more with 
MDR-TB. Similarly, the study conducted in Hong Kong, 
China and Tomsk, Russian Federation showed vast majority 
of MDR-TB cases suffered from pulmonary TB [13,21].  

In this study, strong association was demonstrated 
between TB/HIV co-infection and the risk of becoming ill 
with MDR-TB. HIV infected patients are 1.7 times more 
likely to acquire MDR-TB. The slightly increased risk of 
MDR-TB among TB/HIV co-infected individuals reiterates 
the findings of other studies [22,23,24]. TB infected patients 
must be frequently screened for HIV and vice versa.  In 
order to minimize the risk of MDR-TB, Anti-Retroviral 
therapy (ART) should be initiated for all TB/HIV co-infected 
patients as soon as possible. A special attention must be 
given to selection of appropriate TB and ART treatment 
regimens in order to avoid the risk of increased drug reaction 
and resistance. Furthermore, early diagnosis of MDR-TB 
using LPA has to give priority for those TB/HIV co-infected 
individuals.  

Finally, the implication of the study findings is clear that 
the important information about the common risk factors for 
occurrence of MDR-TB which emerged from this research 
should be incorporated in the National TB Prevention and 
Control programme. This information would have critical 
benefit in TB patient education, improvement in quality of 
TB care and prevention of MDR-TB. 

This study has some limitations. Firstly it is limited by its 
cross-sectional design and use of secondary data for analysis. 
A further limitation is that these findings cannot be directly 
generalised to all regions in the county other than Addis 
Ababa because of socio-economical, epidemiological and 
health system related variations in TB and MDR-TB 
occurrences.  

5. Conclusions 
It was found to be male sex, younger age, twice or more 

episodes of TB treatment, TB treatment category of failure 
after re-treatment, pulmonary involvement and HIV 
infection were the identified risk factors for becoming ill 
with MDR-TB. As the treatment for MDR-TB is often 
difficult, the TB prevention and control strategy could have 
to consider rapid diagnosis using LPA with more emphasis 
to those identified susceptible groups. The prevention of this 
lethal public health problem of MDR-TB requires combined 
effort of all stake holders, namely the government, the health 
care workers, patient and community. 
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