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Abstract

Background: Efforts to control the global burden of tuberculosis (TB) have been jeopardized by the rapid evolution
of multi-drug resistant Mycobacterium tuberculosis (MTB), which is resistant to at least isoniazid and rifampicin.
Previous studies have documented variable prevalences of multidrug-resistant tuberculosis (MDR-TB) and its risk
factors in Ethiopia. Therefore, this meta-analysis is aimed, firstly, to determine the pooled prevalence of MDR-TB
among newly diagnosed and previously treated TB cases, and secondly, to measure the association between
MDR-TB and a history of previous anti-TB drugs treatment.

Methods: PubMed, Embase and Google Scholar databases were searched. Studies that reported a prevalence of
MDR-TB among new and previously treated TB patients were selected. Studies or surveys conducted at national or
sub-national level, with reported MDR-TB prevalence or sufficient data to calculate prevalence were considered for
the analysis. Two authors searched and reviewed the studies for eligibility and extracted the data in pre-defined
forms. Forest plots of all prevalence estimates were performed and summary estimates were also calculated using
random effects models. Associations between previous TB treatment and MDR-MTB infection were examined
through subgroup analyses stratified by new and previously treated patients.

Results: We identified 16 suitable studies and found an overall prevalence of MDR-TB among newly diagnosed and
previously treated TB patients to be 2% (95% Cl 1% - 2%) and 15% (95% CI 12% - 17%), respectively. The observed
difference was statistically significant (P < 0.001) and there was an odds ratio of 8.1 (95% Cl 7.5-8.7) for previously
treated TB patients to develop a MDR-MTB infection compared to newly diagnosed cases. For the past 10 years
(2006 to 2014) the overall MDR-TB prevalence showed a stable time trend.

Conclusions: The burden of MDR-TB remains high in Ethiopian settings, especially in previously treated TB cases.
Previous TB treatment was the most powerful predictor for MDR-MTB infection. Strict compliance with anti-TB
regimens and improving case detection rate are the necessary steps to tackle the problem in Ethiopia.
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Background

Despite the recent progress of global control efforts, tuber-
culosis (TB) remains a major public health threat, world-
wide [1]. According to the World Health Organization
(WHO) 2015 report, TB is the main cause of morbidity
among millions of people each year and ranks alongside
HIV as a leading cause of death worldwide. There were an
estimated 9.6 million new TB cases, and there were also
1.5 million TB deaths, nearly 60% and 26.7% of deaths
were reported among men and HIV positive people,
respectively. Moreover, the report has also revealed
that 5% of TB cases were estimated to have had
multidrug-resistant TB (MDR-TB); 3.3% and 20% of
MDR-TB cases were among new and previously
treated TB cases, respectively [2].

TB continues to be one of the major public health
problems in developing countries and is particularly
compounded by high burdens of MDR-TB. Approxi-
mately, 75% of TB infections occur in Africa, South-East
Asia, and Western Pacific regions where HIV is fueling
the epidemic [3]. HIV is contributing to large increases
in the incidence of TB, notably in Sub-Saharan Africa
[4]. In Sub—Saharan Africa, pooled estimate of any drug
resistant-TB prevalence among the new cases was 12.6%,
and among previously treated patients was 27.2% [5].

The overall burden of MDR-TB is exceptionally high
in resource limited countries, where health resources,
finances, and the skilled personnel required for diagnosis
and management are limited, making containment and
the prevention of further spread more difficult [6]. In
Ethiopia, the low socioeconomic status of the population,
high prevalence of infectious diseases, poor treatment out-
comes, longer treatment time (about two years), higher
treatment costs, and many more complications make
MDR-TB a more complex disease than TB [7, 8]. Based
on a WHO report, Ethiopia is ranked as 15th among 27
countries with high burden drug resistant TB with an
estimated 5200 cases occurring each year [9, 10].

In Ethiopia, TB has been recognized as one of the
main public health threats since half century ago. The
national TB control program has adopted a standardized
TB prevention and control program so called directly
observed treatment, short course (DOTS). At national
level, there is one TB program manager who oversees a
team of 11 TB program officers who are responsible for
each region and work closely with the regional health
bureau to maximize appropriate implementation of
national TB control and prevention strategies. Ethiopia
remains one of the high TB and MDR-TB burden coun-
tries where TB remains a significant cause of morbidity
and mortality [11, 12].

Although MDR-TB is a growing concern in resource
limited countries like Ethiopia, it is largely under-
reported, compromising control efforts. Information
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concerning the true extent of the problem of MDR-TB
in the African Region is limited. Since, there are signifi-
cant gaps in surveillance, and lack of standards for
methodology, data sharing and coordination. The overall
epidemiology of drug resistant TB is not well understood
in Ethiopia [13-16]. Hence, understanding the burden of
the most prevailing infections like MDR-TB is urgently
required to guide public health interventions that are
both specific and effective. Therefore, the aim of this
meta-analysis was firstly, to determine the pooled
prevalence of MDR-TB among newly diagnosed and
previously treated cases in Ethiopian settings and, sec-
ondly, to examine the relationship between previous TB
treatment and MDR-MTB infection by conducting a
systematic review and meta-analysis.

Methods

Settings

Ethiopia is a highly populated country in Africa, with
101 million lives in its nine regions and two federal
cities. The operation of health system has been decentra-
lized to regional governments and district health offices.
Each district has a primary hospital with multiple health
centers, and every health center is administratively
linked to five health posts. Besides, health posts have
been structured with two health extension workers who
provide a package of up to 16 basic services including
TB prevention and treatment follow up. The tubercu-
losis case definitions and management is as per the
WHO TB treatment guidelines [11, 12].

Definitions

In this meta-analysis, we have used the following terms;
MDR-TB described as resistance to at least the two
powerful first line anti-TB drugs (isoniazid and rifampin).
According to WHO, MDR-TB among new cases is
defined as resistance to isoniazid and rifampin drugs in
patients that have never been treated for TB, and MDR-
TB among previously treated TB patients, on the other
hand, is defined as resistance to isoniazid and rifampin
drugs in patients that have been treated for TB [17].

Study selection

A literature search of the PubMed, Embase and Google
Scholar databases was conducted, and studies potentially
relevant to our study were identified. The search was
carried out by 2 authors (SE, MD) independently, by
using the following keywords; (MDR-TB or (Drug AND
Resistant AND Tuberculosis)) AND (Associated AND
Risk-factors) AND (Ethiopia). Among the citations ex-
tracted, abstracts were reviewed in an attempt to retrieve
the clinical studies on MDR-TB among newly and/or
previously treated TB patients. Studies that were rele-
vant by title and abstract were accessed in full text to
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determine those that provided sufficient information to
be included in our meta-analysis. Finally, the references
cited by each eligible study were examined to identify add-
itional articles. This systematic review and meta-analysis
was done in accordance with QUOROM (Quality of
Reporting of Meta-Analysis) guidelines [18].

Inclusion and exclusion criteria

We have included studies carried out in Ethiopian set-
tings, reporting MDR-TB prevalence and have sufficient
data to calculate prevalence of MDR-TB among newly
and/or previously treated TB cases. Studies were also
only eligible if they reported the burden of MDR-TB for
the past 10 years and were conducted in Ethiopia
(institutional based findings, national surveys). Studies
conducted among presumptive MDR-TB cases were ex-
cluded from the analysis, to minimize bias of reporting
erroneously increased prevalence of drug resistant TB.
Presumptive MDR-TB can be defined as: smear positive
previously treated patients who define as relapse, return
after default, and failure; new smear positive pulmonary
TB patients who sputum remains smear positive at
month 2 or 3 of treatment; symptomatic close contacts of
known MDR-TB patient, and new smear positive with
Human Immunodeficiency Virus (HIV) infected patients.
Only studies published in English were considered.

Outcome of interest

The main outcome of interest was the prevalence of
MDR-TB among newly and/or previously treated TB
patients. The prevalence was calculated by dividing the
number of MDR-TB cases by the total number of TB
patients. The results have been stratified by geographic
location, types of TB cases (new versus previously
treated TB cases), type of sample (sputum versus other
possible specimens), and methods of MDR detection
(culture alone versus mixed, i.e. both culture and mo-
lecular based methods). Secondly, we have also calcu-
lated the odds of developing MDR-TB among previously
treated TB cases, compared with new TB cases.

Data extraction and quality assessment

The relevant data from each selected study has been
extracted independently by two authors (SE, BT) and
summarized into an Excel spreadsheet. Discrepancies
were resolved through consensus and discussion with a
third author (EM). For each selected study, the following
parameters were extracted: first author and reference,
year of publication, study region/area, year/s/ of the
study period, study patients as pulmonary tuberculosis
(PTB) or extra PTB cases, types of sample utilized for
MDR-TB isolation, total number of TB patients, and the
method employed for MDR-TB detection (culture, DST
and molecular typing). Moreover, we have also extracted
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the proportion of MDR-TB among new, previously
treated and both cases, accordingly. To depict the time
trends of the burden of MDR-TB in the country, we
used the index year as the year that the study has been
conducted not the year of publication.

The included papers were assessed for quality using a
checklist based on Newcastle-Ottawa quality assessment
scale. The quality of the selected studies was examined
independently by two authors (SE, MG) using a set of
predefined criteria, namely: clear data on the research
design and study population (PTB versus extra PTB
cases), quality of the reported data (stratified data for
both new and previously treated cases), and the appro-
priateness of the method used for MDR-TB detection
among newly diagnosed and previously treated TB cases.

Statistical analysis

Since the included studies were conducted with different
study designs and populations, we used a pooled random
effects analysis to calculate the combined prevalence and
the 95% confidence intervals (CIs), by using the approach
of DerSimonian and Laird [19]. We used Freeman Tukey
arcsine methodology to address stabilizing variances [20].
The standard approach of inverse variance method to cal-
culate pooled estimates and standard errors does not per-
form well in meta-analysis of prevalence. For prevalence
near 0 or 1 (i.e, for studies with small or large prevalence),
the inverse variance method adds disproportionately large
weight, variance becomes small, and the calculated CI may
lie outside of the 0 to 1 range. The double arcsine method-
ology corrects both variances instability and CI’s [21].

We assessed the heterogeneity among reported
prevalence by computing values for chi-square (Q), I?
and p-values [22]. I* > 50% was considered as statistically
significant. Possible sources of variation were explored
using subgroup analysis by stratifying studies through pre-
determined variables; study regions, used methods, types
of patients (new versus previously treated TB cases), and
study population (= 100 and <100). The effect of small
studies in publication bias was explored by the Begg’s fun-
nel plot [23]. For time trends, model coefficients were
transformed to rates and plotted against the index year
along with the observed prevalence rates. Additionally, we
have calculated the odds of MDR-TB infection among
previously treated TB cases compared with new TB cases.
Statistical analysis was accomplished using Stata v11
software package (Stata Corporation, College Station,
TX), and Comprehensive Meta Analysis (version 3.1).
P-values <0.05 were considered as statistically significant.

Results

Study characteristics

Our electronic database search yielded 735 citations, of
these 243 non-duplicate papers were assessed and 119
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excluded after reviewing their title and study setting.
The remaining 124 were examined by abstract screening
of which 71 were excluded. The remaining 53 were ini-
tially considered as eligible by title and abstract for our
meta-analysis, however after retrieving the full texts;
only 16 studies met our inclusion criteria [8, 24—38] and
were subjected to the meta-analysis. In brief, 15 of 53
studies were excluded because they did not include clear
information regarding MDR-TB. 12 studies were ex-
cluded because they provided non-stratified data for the
study participants, i.e. whether they were new or previ-
ously treated TB cases. Finally, 10 studies were not
considered to have extractable data, though they did
report the number or rate of MDR-TB cases (Fig. 1).

The included studies were published from 2008 to
2016 and reported data from 2002 to 2014. Of the 16 eli-
gible studies, 12 reported MDR-TB data on both new
and previously treated TB patients. Three studies have
been done only among newly diagnosed TB cases, while
1 study has assessed drug resistant TB among previously
treated TB cases (Table 1). The studies have provided
MDR-TB data among a total of 151,065 TB patients.
Of these, 12 studies reported among 150,395 newly
diagnosed and previously treated TB cases. Most im-
portantly, 3 studies exclusively reported data on 586
newly diagnosed TB cases, whereas 1 study was done
among 84 previously treated TB cases. The majority
of studies have assessed drug resistant TB in pulmon-
ary TB cases; the remaining 1 study was done among
extra pulmonary TB cases. Moreover, 14 out of se-
lected studies, sputum was the most important sam-
ple for isolation of MDR-TB, while 1 study used fine
needle aspirates, and type of sample was not specified
for 1 study.th=tlb=
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Summary prevalence estimates are presented in Table
2, 14 studies have been conducted in different regions of
Ethiopia; whereas two were national wide survey studies.
The pooled prevalence of MDR-TB among 14 studies
which were conducted in various regions of the country
was 4.6% (95% CI 3.7% - 5.5%), compared with 1.9%
(95% CI 1.8% - 2%) from studies conducted at national
level. The observed difference was statistically different
(P = 0.016). Interestingly, the prevalence of MDR-TB
among studies having study participants 100 or above
was 1.9% (95% CI 1.9% - 2%), this was significantly lower
than a prevalence calculated from studies with their
study participants less than 100 patients, 7.9% (95% CI
5.2% - 10.6%). Regarding the microbiological assays used
in studies included in our meta-analysis, 8 studies have
exclusively used culture to identify MDR-MTB, 8 studies
used both culture and molecular methods (PCR based
tests). Of note is that culture alone yielded a prevalence
of 1.9% (95% CI 1.9% - 2%), which was statistically lower
from the 4.3% (95% CI 3.1% -5.5%) of MDR-MTB detec-
tion using both culture and molecular methods.

Additionally, among the eligible studies, 12 were
selected to determine the time trend of MDR-TB
prevalence since the selected studies have data for
MDR-TB rate in both newly and previously treated
TB cases [8, 26, 28-30]. As indicated in Fig. 2, we
used the index year of the studies, as described in the
Methods section, and we observed no significant
time-trend (P = 0.770).

Prevalence of MDR-TB among newly diagnosed and previ-
ously treated TB cases

As presented in the forest plot (Fig. 3), the pooled preva-
lence of MDR-TB among newly diagnosed TB cases was

Potentially relevant studiesidentified

and screened forretneval (N = 735)

~

»| Duplicate studiesremoved(n = 492)

L

Studies ecreened afterremovalof
duplicates (N = 243)

Studies excluded afterreadingtheir title,
abstract and study setting (n= 190)

53 studies were retrieved for detail

evaluation

37 Studies were excluded, because
They didn’tinclude clear mfornmation about
MDR-TB
They provided non-stratified data
They didn’t have extractable data

L

Studies included in meta-analy=is

n=16)

Fig. 1 Flow chart shows selected articles for meta-analysis
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Table 2 Summary estimates of included studies

Characteristics Studies TB Combined P-value
patients effect (95%Cl)
Study population
Studies 2100 patients 11 150,672 1.9% (1.9% - 2%) <0.001
Studies <100 patients 5 393 7.9% (5.2% -10.6%)
Geographic region
Studies from various 14 2051 46% (3.7% - 5.5%)  0.016
regions
National level surveys 2 149,014 1.9% (1.8% - 2%)
MDR-MTB isolation
Culture only 8 150,020 1.9% (1.9% - 2%) 0.010
Mixed? 8 1045 4.3% (3.1% - 5.5%)
Types of patients
New cases 14 146,320 2% (1% - 2%) <0.001
Previously treated 12 7584 15% (12% - 17%)
cases
All studies 16 151,065 6% (4% - 8%)

Keys: *Culture and molecular tests, SE standard error, C/ confidence interval

2% (95% CI 1% - 2%). We assessed the heterogeneity
among reported prevalence using the I* statistic, and it
was marginally insignificant (I* = 36.7%, P = 0.08). Fur-
thermore, we have also calculated the overall prevalence
of MDR-TB among previously treated TB cases; it was
15% (95% CI 12% - 17%). The heterogeneity test indi-
cated that no statistical significant variation among
pooled estimate of MDR-TB in previously treated cases
((I* = 34.5%, P = 0.11, Fig. 4). As shown in Table 2, the
observed variation of MDR-TB prevalence among newly
diagnosed and previously treated cases was statistically
significant (P < 0.001). Moreover, we explored graphic-
ally the possibility of a publication bias. We did not ob-
serve an indication of such a bias in the studies included
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to calculate the pooled prevalence of MDR-TB among
newly diagnosed and previously treated cases, accord-

ingly (Fig. 5).

Association between previous TB treatment and MDR-TB
infection

Across 10 studies with analyzable data that are summa-
rized in Table 3 [8, 26, 28, 29, 32-35, 37, 38], we have
assessed the burden of MDR-TB infection among previ-
ously treated cases, compared with new TB cases.
Hence, we found that the odds ratio for MDR-TB infec-
tion among patients who were previously treated with
anti-TB treatment was 8.1 (95% CI 7.5-8.7) compared
with patients who were new cases. In clinical terms, this
indicates that previously treated TB patients are 8.1
times more likely to develop a MDR-TB infection com-
pared with newly diagnosed TB patients. Additionally,
I* statistic uncovered no variation among including
studies (I> = 0, P = 0.52, Fig. 6), and symmetry of
funnel plot shows small study bias yielded insignifi-
cant effect (Fig. 7).

Discussion

Multidrug resistant tuberculosis is an increasing global
problem, with most cases are arising due to combina-
tions of prescription errors and poor patient adherence.
The epidemiology of MDR-TB varies significantly from
country to country and region to region. As with all TB,
99% of MDR-TB occurs in high-burden resource-poor
countries [14, 39]. Although, Ethiopia is one of the high
TB/HIV and multidrug resistant TB (MDR TB) burden
countries [13, 40], there is a still a large gap in know-
ledge about drug resistant TB in the country [14, 15]. So
far only two nationwide surveillance studies were con-
ducted to explore the overall epidemiology of MDR-TB
in the country. However, in order to determine the
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Fig. 2 Time trends of MDR-TB prevalence: Observed and fitted estimates
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current situation of MDR-TB in Ethiopia, up to date and
evidence based studies are critically needed. Thus, we
conducted this meta-analysis to estimate the burden of
MDR-TB in newly diagnosed and previously treated
patients in Ethiopian settings. Moreover, this study
aimed to explore the significance of previous history of
anti-TB treatment on MDR-MTB associated infections,
and model its course over time.

Based on this meta-analysis, the pooled prevalence of
MDR-TB among newly diagnosed and previously treated
TB cases was 2% (95% CI 1% - 2%) and 15% (95% CI 12% -
17%), respectively. It is comparable with a previous meta
analysis report that was documented in Sub-Saharan Africa
countries, where HIV co-infection is rampant [5]. The re-
port indicated that pooled estimate of MDR-TB prevalence
among the new cases was 1.5% (95% CI 1.0-2.3), and
among previously treated patients this was 10.3% (95% CI
5.8-17.4%). Likewise, anti-tuberculosis survey in Benin

showed that the prevalence of MDR-TB among new and
previously treated causes were 1.6% and 11.1%, respectively
[41]. Similarly, national wide surveys have been also con-
ducted in Mozambique and Rwanda, the prevalence of
MDR-TB among new and previously treated cases were re-
spectively 3.5% and 11.2%, and 3.9% and 9.4% [42, 43].
Drug resistant TB is unsurprisingly significantly associated
with the HIV epidemic [44, 45]. There were an estimated
1.1 million HIV positive new TB cases globally in 2011.
Around 79% of patients live in Sub-Saharan Africa [46]. It
is understood that HIV infection causes suppression of
immunological responses which subsequently leads to
overwhelming infection by opportunistic and drug resistant
strains [47]. According a 2008 WHO report, MDR-TB has
been shown to be almost twice as common in TB patients
living with HIV compared to TB patients without HIV [8].
Likewise, several studies demonstrated the association of
drug-resistant TB with HIV infection [25, 48—51].

Table 3 Individual study data to calculate the odds ratio of MDR-MTB infection

S. No Study name Method MDR-TB/previously MDR-TB/newly
treated TB cases diagnosed TB cases

1 WHO [12] Culture 861/7271 4964/306990

2 Tessema et al. [27] Culture & PCR based 5/46 8/214

3 Hussein et al. [29] Culture & PCR based 1/9 11/93

4 Esmael et al. [30] Culture 12/65 3/165

5 Daniel et al. [33] Culture & PCR based 1/8 2/32

6 Tekle et al. [34] Culture & PCR based 1712 1/75

7 EPHI [35] Culture 39/217 33/1205

8 Adane et al. [36] Culture & PCR based 2/12 1/77

9 Mekonnen et al. [38] Culture & PCR based 5/36 2/88

10 Hamussie et al. [39] Culture 3/21 2/85
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Adane et al 2015

NOTE: Weights are from random effects analysis
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WHO 2008 .
Tessema et al 2012 —
Hussein et al 2013 —0—;‘
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Daniel et al 2014 ——0—;—
Tekle et al 2014 i
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OR (95% Cl)

8.17 (7.57, 8.82)
3.14 (0.98, 10.08)
0.93 (0.11, 8.18)
12.23 (3.32, 44.98)
2.14 (0.17, 27.10)
6.73 (0.39, 115.52)
7.78 (4.77, 12.70)

——+— 15.20(1.26, 183.21)

Mekonnen et al 2015 —_—— 6.94 (1.28, 37.60)
Hamussie et al 2016 —— 6.92 (1.08, 44.45)
Overall (I-squared = 0.0%, p = 0.512) O 8.11 (7.52, 8.74)

1
Odds ratio

Fig. 6 Forest plot of the pooled odds ratio indicating the association of previous TB treatment with MDR-MTB infection

However, the pooled prevalence of MDR-TB among
newly diagnosed and previously treated TB cases in
the present study; was comparatively higher than that
reports noted in economically developed countries
[52-54]. With the availability of high standard diag-
nostic tests and effective treatment high income
countries are moving towards MDR-TB elimination
[15, 55]. Moreover, the range of available resources
and specific TB control measures makes effective
treatment of MDR-TB possible [15, 55]. Despite the
introduction of direct observation of treatment (DOT)

poor adherence remains a major obstacle to fight
drug resistance TB in countries with poor socio eco-
nomic circumstances like Ethiopia. The reasons for
non-adherence are complex and involve more than
the patients’ personal characteristics and attitudes.
Studies have reported low literacy levels, household
members’ fear of catching the disease, discriminatory
behavior by health care providers, delays in care seek-
ing behavior and self-denial due to stigma experi-
enced by TB patients as some of the challenges
facing adherence to TB treatment [15, 56, 57].
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According to subgroup analysis, we observed that the
pooled estimate of MDR-TB was significantly higher
among studies with sample sizes of less than 100 par-
ticipants, compared to studies where 100 or more
participants were recruited. It is known that variation
in sample size has a great effect on estimation. And
possibly, the included studies have been carried out
in different geographical locations that could have
also impact on the observed prevalence. The calcu-
lated estimate of MDR-TB was also significantly
higher in studies other than the two national surveys.
Among the selected studies, 14 have been conducted
either in hospital setups or other health institutions,
and possibly results high estimate. Moreover, the
prevalence of MDR-TB was higher among studies that
have used both culture and molecular based detection
methods compared to studies used culture alone. The
significant variation could be presumably the fact that
molecular based assays are the most powerful and
highly sensitive techniques compared to conventional
methods.

A second finding that highlights the association of
previous history of anti-TB treatment with MDR-TB
infection was high. As indicated in the study, the ob-
served prevalence of MDR-TB was significantly higher
than that among newly diagnosed TB cases (15% ver-
sus 2%, P < 0.001). Most importantly, TB patients
who had history of anti-TB treatment exposure were
8.1 times more likely to develop MDR-TB infection
compared with newly diagnosed TB cases. Previously
treated patients often constitute a very heterogeneous
group including those who experience relapse after
receiving successful treatment, those who return after
default, and those who start receiving a re-treatment
regimen after having experienced previous treatment
failure [58]. There are large evidences that noted that
history of anti-TB exposure is one of the main contribut-
ing factors in acquisition of MDR-TB [9, 27, 59]. Multi-
drug resistance among previously treated TB patients
usually results from exposure to a single drug that
suppresses the growth of bacilli susceptible to that
drug but permits the multiplication of pre-existing
drug-resistant mutants [60]. It is the most common
type of resistance to the first-line drugs and can
emerge against any anti-tuberculosis agent during
chemotherapy. The occurrence of MDR- TB is also
attributable to lack of standard based drug prescrip-
tion, probably leads to treatment failure and intensi-
fies the population drug resistant strains [61].

Furthermore, we evaluated the time trend of MDR-TB
prevalence from 2006 to 2014, which is shown to be
stable, does not reflect possible changes in the imple-
mentation national TB control programs. A recent glo-
bal report revealed that the Millennium Development
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Goal 6 targets on reducing the TB incidence rate has
already been accomplished in Ethiopia [40]. Nationally,
the TB incidence rate has fallen to 224 per 100,000 of
the population in 2013 compared 369 in 1990 [40].
However, the issue of drug resistance in the country re-
mains in question. The low level of reported drug resist-
ance in Ethiopia may not be an accurate reflection of
reality, and the limited evaluation may be responsible for
this skewed portrayal. In 2010, less than 5% of new and
previously treated TB patients were tested for MDR-TB
because of limited availability of the test in most devel-
oping countries. Specifically, in Ethiopia the ratio of
laboratories capable of performing MTB culture and
capable of running line probe assay for detection of
MDR-TB was 0.1 per 5 million populations. Besides, lack
of research based national drug resistance survey data is
a barrier to understanding the magnitude of prevalence
and incidence of MDR [6, 14, 15].

Limitation of the study

It should be noted again that a limitation of English
literature was posed in our meta-analysis. Also, our
analysis was limited by the quality of the included
studies and by the fact that many of the DR-TB surveys
identified during our searches were excluded because
they had not stratified patients according to their treat-
ment history. The existing literature could not be used
to depict the exact geographic distribution of MDR-TB
prevalence in newly diagnosed and previously treated
TB patients, since we did not review data on some
regions of the country (such as, Tigray, Afar, Somali, &
Gambela). Also, there were some methodological differ-
ences between studies.

Conclusion

Our analysis showed that the burden of MDR-TB re-
mains a huge concern in Ethiopian settings. Particularly,
the prevalence of MDR-TB was higher among previously
treated TB patients. As detailed earlier, previously
treated TB patients were 8.1 times more likely to
develop a MDR-TB infection compared with newly diag-
nosed TB patients. Moreover, in the past 10 years, the
time trend of MDR-TB prevalence was stable. Therefore,
this finding underscores the importance of reducing the
burden of MDR-MTB infection in Ethiopian settings.
Effective implementation of DOTS program, strict com-
pliance with infection control policies, and enhancing
case detection rate through strengthening the TB labora-
tory capacity including introduction of rapid molecular
diagnostic methods and implementation of active case
finding through MDR-TB contact screening, seem to be
the necessary next steps in this effort.



Eshetie et al. BMC Infectious Diseases (2017) 17:219

Abbreviations

Cl: Confidence interval; DOTS: Directly Observed Treatment, Short-course;
DST: Drug susceptibility testing; HIV: Human immuno-deficiency virus;
MDR: Multi drug resistant; MDR-MTB: Multidrug resistant Mycobacterium
tuberculosis; MDR-TB: Multidrug resistant tuberculosis; MTB: Mycobacterium
tuberculosis; PCR: Polymerase chain reaction; PTB: Pulmonary tuberculosis;
TB: Tuberculosis; WHO: World Health Organization

Acknowledgment
Not applicable.

Funding
The research work has not been funded.

Availability of data and materials
No additional data are required; all information is clearly presented in the
main manuscript.

Authors’ contributions

SE: Conception of research protocol, study design, literature review, data
collection, data extraction, data analysis and interpretation, and drafting
manuscript. MG, MD, HW, BT, and FM: Data collection and extraction, and
reviewing manuscript. GK, FA: Data analysis and reviewing manuscript.
All' authors have read and approved the manuscript.

Competing interests
We declared that we have no competing interest.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Medical Microbiology, School of Biomedical and Laboratory
Sciences, College of Medicine and Health Sciences, University of Gondar,
Gondar Northwest, Ethiopia. 2Departmen‘[ of Human Nutrition, College of
Health Sciences, Debre Markos University, Debre Markos, Ethiopia.
3Department of Human Nutrition, Institute of Public Health, College of
Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia.
“Department of Nursing, College of Medicine and Health Sciences, University
of Gondar, Gondar, Ethiopia. "WHO/TDR Clinical Research and Development
Fellow at FIND, Geneva, Switzerland.

Received: 29 November 2016 Accepted: 14 March 2017
Published online: 20 March 2017

References

1. Sulis G, Roggi A, Matteelli A, Raviglione MC. Tuberculosis: epidemiology and
control. Mediterr J Hematol Infect Dis. 2014;6(1):2014070.

2. World Health Organization. Global tuberculosis report. Geneva, Swizerland:
WHO press;2015.

3. World Health Organization. Global tuberculosis report. Geneva, Swizerland:
WHO press;2013.

4. Nachega JB, Chaisson RE. Tuberculosis drug resistance: a global threat. Clin
Infect Dis. 2003;36(1):524-30.

5. Lukoye D, Ssengooba W, Musisi K, Kasule GW, Cobelens FG, Joloba M, et al.

Variation and risk factors of drug resistant tuberculosis in sub-Saharan Africa:

a systematic review and meta-analysis. BMC Public Health. 2015;15(1):1-13.

6. World Health Organization. Global tuberculosis control: WHO report 2010.
Geneva: WHO press; 2011.

7. World Health Organization. Drug-resistant tuberculosis now at record levels.
Geneva: WHO press; 2010.

8. World Health Organization. Anti-tuberculosis drug resistance in the world:
fourth global report. Geneva: WHO press; 2008.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Page 11 of 12

Hirpa S, Medhin G, Girma B, Melese M, Mekonen A, Suarez P, et al.
Determinants of multidrug-resistant tuberculosis in patients who underwent
first-line treatment in Addis Ababa: a case control study. BMC Public Health.
2013;13(1):1-9.

Biadglegne F, Sack U, Rodloff AC. Multidrug-resistant tuberculosis in
Ethiopia: efforts to expand diagnostic services, treatment and care.
Antimicrob Resist Infect Control. 2014;3(1):1-10.

Reves R, Angelo S. As Ethipia moves toward tuberculosis elimination,
success requires higher investmnet. Washington: Center for Strategic &
International Studies; 2016. Available at https://csis-prod.s3.amazonaws.com/
s3fspublic/legacy_files/files/publication/160229_Reves_
EthiopiaMovesTowardTB_Web.pdf

Kebede A, Alebachew Z, Tsegaye F, Lemma E, Abebe A, Agonafir M, et al.
The first population-based national tuberculosis prevalence survey in
Ethiopia, 2010-2011. Int J Tuberc Lung Dis. 2014;18(6):635-9.

Migliori GB, Dheda K, Centis R, Mwaba P, Bates M, O'Grady J, et al. Review of
multidrug-resistant and extensively drug-resistant TB: global perspectives
with a focus on sub-Saharan Africa. Tropical Med Int Health.
2010;15(9):1052-66.

Amor YB, Nemser B, Singh A, Sankin A, Schluger N. Underreported threat of
multidrug-resistant tuberculosis in Africa. Emerg Infect Dis. 2008;14(9):1345-52.
World Health Organization. Antimicrobial resistance global report on
surveillance: 2014 summary. Geneva: WHO press; 2014.

Sosa AJ, Amabile-Cuevas CF, Byarugaba DK, Hsueh P-R, Kariuki S, Okeke IN.
Antimicrobial resistance in developing countries. New York: Springer; 2010.
World Health Organization. Definitions and reporting framework for
tuberculosis—2013 revision. Geneva: WHO press; 2013.

Shea B, Dubé C, Moher D. Assessing the quality of reports of systematic
reviews: the QUOROM statement compared to other tools. In: Systematic
reviews in health care: meta-analysis in context. 2nd ed; 2001. p. 122-39.
DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled clin trials.
1986;7(3):177-88.

Fazel S, Khosla V, Doll H, Geddes J. The prevalence of mental disorders
among the homeless in western countries: systematic review and meta-
regression analysis. PLoS Med. 2008,5(12):e225.

Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of
prevalence. J Epidemiol Community Health. 2013;67(11):974-8.

Ricker G, Schwarzer G, Carpenter JR, Schumacher M. Undue reliance on 12 in
assessing heterogeneity may mislead. BMC Med Res Methodol. 2008,8(1):1-8.
Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ. 1997;315(7109):629-34.

Meskel D, Abate G, Lakew M, Goshu S, Aseffa A. Anti-tuberculosis drug
resistance among retreatment patients seen at St Peter tuberculosis
specialized hospital. Ethiop Med J. 2008;46(3):219-25.

Yimer SA, Agonafir M, Derese Y, Sani Y, Bjune GA, HOLM-HANSEN C. Primary
drug resistance to anti-tuberculosis drugs in major towns of Amhara region,
Ethiopia. APMIS. 2012;120(6):503-9.

Tessema B, Beer J, Emmrich F, Sack U, Rodloff A. First-and second-line anti-
tuberculosis drug resistance in Northwest Ethiopia. Int J Tuberc Lung Dis.
2012;16(6):805-11.

Abebe G, Abdissa K, Abdissa A, Apers L, Agonafir M. De-Jong BC, et al.
relatively low primary drug resistant tuberculosis in southwestern Ethiopia.
BMC Res Notes. 2012;5(1):1-6.

Hussein B, Debebe T, Wilder-Smith A, Ameni G. Drug susceptibility test on
mycobacterium tuberculosis isolated from pulmonary tuberculosis patients
in three sites of Ethiopia. A Afr J Microbiol Res. 2013;7(9):791-6.

Esmael A, Ali I, Agonafir M, Endris M, Getahun M, Yarega Z, et al. Drug
resistance pattern of mycobacterium tuberculosis in eastern Amhara
regional state, Ethiopia. J Microb Biochem Technol. 2014,6(2):75-9.
Biadglegne F, Tessema B, Sack U, Rodloff AC. Drug resistance of
mycobacterium tuberculosis isolates from tuberculosis lymphadenitis
patients in Ethiopia. Indian J Med Res. 2014;140(1):116-22.

Seyoum B, Demissie M, Worku A, Bekele S, Aseffa A. Prevalence and drug
resistance patterns of mycobacterium tuberculosis among new smear
positive pulmonary tuberculosis patients in eastern Ethiopia. Tuberc Res
Treat. 2014;2014:1-7.

Daniel G, Mariam H. Phenotypic and genotypic determination of drug
susceptibility and molecular characteri zati on of mycobacteri um
tuberculosi s isolates at Debre Berhan referral hospital, Ethiopia. In: Doctoral
dissertation, Addis Ababa University. Ethiopia: AAU; 2014. Available at http://
etd.aau.edu.et/handle/123456789/5867.


https://csis-prod.s3.amazonaws.com/s3fspublic/legacy_files/files/publication/160229_Reves_EthiopiaMovesTowardTB_Web.pdf
https://csis-prod.s3.amazonaws.com/s3fspublic/legacy_files/files/publication/160229_Reves_EthiopiaMovesTowardTB_Web.pdf
https://csis-prod.s3.amazonaws.com/s3fspublic/legacy_files/files/publication/160229_Reves_EthiopiaMovesTowardTB_Web.pdf
http://etd.aau.edu.et/handle/123456789/5867
http://etd.aau.edu.et/handle/123456789/5867

Eshetie et al. BMC Infectious Diseases (2017) 17:219

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Tekle A, Woldeamanuel Y, Asrat D, Beyene D, Aseffa A. Epidemiology and
drug resistance pattern of mycobacterium tuberculosis in Northwest
Ethiopia: resource limited settings. In: Doctoral dissertation, Addis Ababa
University. Ethiopia: AAU; 2014. Available at http://etd.aau.edu.et/handle/
123456789/5791.

Kebede A. Second round National Anti Tuberculosis Drug Resistance
Surveillance — Ethiopia. African Society for Laboratory Medicine (ASLM)
conference; Capetown, South Africa. Addis Ababa: Ethiopian Public Health
Institute; 2015. Available at https.//www.researchgate.net/publication/
282858631_Second_Round_National_Anti_Tuberculosis_Drug_Resistance_
Surveillance_-_Ethiopia

Adane K, Ameni G, Bekele S, Abebe M, Aseffa A. Prevalence and drug
resistance profile of mycobacterium tuberculosis isolated from pulmonary
tuberculosis patients attending two public hospitals in East Gojjam zone,
northwest Ethiopia. BMC Public Health. 2015;15(1):572.

Maru M, Mariam SH, Airgecho T, Gadissa E, Aseffa A. Prevalence of
tuberculosis, drug susceptibility testing, and genotyping of Mycobacterial
isolates from pulmonary tuberculosis patients in Dessie, Ethiopia.

Tuberc Res Treat. 2015;2015

Mekonnen F, Tessema B, Moges F, Gelaw A, Eshetie S, Kumera G. Multidrug
resistant tuberculosis: prevalence and risk factors in districts of metema and
west armachiho, Northwest Ethiopia. BMC Infect Dis. 2015;15(1):461.
Hamusse SD, Teshome D, Hussen MS, Demissie M, Lindtjern B. Primary and
secondary anti-tuberculosis drug resistance in Hitossa District of Arsi zone,
Oromia regional state, Central Ethiopia. BMC Public Health. 2016;16(1):593.
Ormerod L. Multidrug-resistant tuberculosis (MDR-TB): epidemiology,
prevention and treatment. Br Med Bull. 2005;73(1):17-24.

World Health Organization. Ethiopia/tuberculosis. [cited 2016 September,
08]. Available at http://www.afro.who.int/en/ethiopia/country-programmes/
topics/4481-tuberculosis.html.

Affolabi D, Adjagba O, Tanimomo-Kledjo B, Gninafon M, Anagonou S,
Portaels F. Anti-tuberculosis drug resistance among new and previously
treated pulmonary tuberculosis patients in Cotonou, Benin. Int J Tuberc
Lung Dis. 2007;11(11):1221-4.

Gudo PS, Cuna Z, Coelho E, Maungate S, Borroni E, Miotto P, et al. Is
multidrug-resistant tuberculosis on the rise in Mozambique? Results of a
national drug resistance survey. Eur Respir J. 2011;38(1):222-4.

Umubyeyi AN, Vandebriel G, Gasana M, Basinga P, Zawadi J, Gatabazi J, et
al. Results of a national survey on drug resistance among pulmonary
tuberculosis patients in Rwanda. Int J Tuberc Lung Dis. 2007;11(2):189-94.
Alemayehu M, Gelaw B, Abate E, Wassie L, Belyhun Y, Bekele S, et al. Active
tuberculosis case finding and detection of drug resistance among HIV-
infected patients: a cross-sectional study in a TB endemic area, Gondar,
Northwest Ethiopia. Int J Mycobacteriol. 2014;3(2):132-8.

World Health Organization. Multidrug and extensively drug-resistant TB.
Geneva: WHO press; 2010.

World Health Organization. TB/HIV facts 2012-2013. [cited 2016 September,
08]. Available at http://www.who.int/hiv/topics/tb/tbhiv_facts_2013/en/.
Walker NF, Meintjes G, Wilkinson RJ. HIV-1 and the immune response to TB.
Futur Virol. 2013;8(1):57-80.

Demissie M, Lemma E, Gebeyehu M, Lindtjorn B. Sensitivity to anti-
tuberculosis drugs in HIV-positive and-negative patients in Addis Ababa.
Scand J Infect Dis. 2001;33(12):914-9.

van Halsema CL, Fielding KL, Chihota VN, Lewis JJ, Churchyard G, Grant A.
Trends in drug-resistant tuberculosis in a gold-mining workforce in South
Africa, 2002-2008. Int J Tuberc Lung Dis. 2012;16(7):967-73.

Mesfin YM, Hailemariam D, Biadglign S, Kibret KT. Association between HIV/
AIDS and multi-drug resistance tuberculosis: a systematic review and
meta-analysis. PLoS One. 2014;9(1):82235.

Dubrovina I, Miskinis K, Lyepshina S, Yann Y, Hoffmann H, Zaleskis R, et al.
Drug-resistant tuberculosis and HIV in Ukraine: a threatening convergence
of two epidemics? Int J Tuberc Lung Dis. 2008;12(7):756-62.

Robert J, Trystram D, Truffot-Pernot C, Jarlier V. Multidrug-resistant
tuberculosis: eight years of surveillance in France. Eur Respir J.
2003;22(5):833-7.

Center for Disease Control and Prevention. Trends in tuberculosis, 2014:
how many cases of tuberculosis (TB) were reported in the United States in
20147 USA: CDG, 2014.

Trauer JM, Cheng AC. Multidrug-resistant tuberculosis in Australia and our
region. Med J Aus. 2016;204(7):251-3.

55.

56.

57.

58.

59.

60.

61.

Page 12 of 12

Bastian |, Stapledon R, Colebunders R. Current thinking on the management
of tuberculosis. Curr Opin Pulm Med. 2003;9(3):186-92.

Slama K, Tachfouti N, Obtel M, Nejjari C. Factors associated with treatment
default by tuberculosis patients in fez, Morocco. East Mediterr Health J.
2013;19(8):687-93.

Kaona FA, Tuba M, Siziya S, Sikaona L. An assessment of factors contributing
to treatment adherence and knowledge of TB transmission among patients
on TB treatment. BMC Public Health. 2004:4(1):1.

Brust JC, Gandhi NR, Carrara H, Osburn G, Padayatchi N. High treatment
failure and default rates for patients with multidrug-resistant tuberculosis in
KwaZulu-Natal, South Africa, 2000-2003. Int J Tuberc Lung Dis.
2010;14(4):413-9.

Berhan A, Berhan Y, Yizengaw D. A meta-analysis of drug resistant
tuberculosis in sub-Saharan Africa: how strongly associated with previous
treatment and HIV co-infection? Ethiop J Health Sci. 2013;23(3):271-82.
Colijn C, Cohen T, Ganesh A, Murray M. Spontaneous emergence of
multiple drug resistance in tuberculosis before and during therapy.

PLoS One. 2011;6(3):18327.

Sharma SK, Mohan A. Multidrug-resistant tuberculosis: a menace that
threatens to destabilize tuberculosis control. Chest. 2006;130(1):261-72.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central



http://etd.aau.edu.et/handle/123456789/5791
http://etd.aau.edu.et/handle/123456789/5791
https://www.researchgate.net/publication/282858631_Second_Round_National_Anti_Tuberculosis_Drug_Resistance_Surveillance_-_Ethiopia
https://www.researchgate.net/publication/282858631_Second_Round_National_Anti_Tuberculosis_Drug_Resistance_Surveillance_-_Ethiopia
https://www.researchgate.net/publication/282858631_Second_Round_National_Anti_Tuberculosis_Drug_Resistance_Surveillance_-_Ethiopia
http://www.afro.who.int/en/ethiopia/country-programmes/topics/4481-tuberculosis.html
http://www.afro.who.int/en/ethiopia/country-programmes/topics/4481-tuberculosis.html
http://www.who.int/hiv/topics/tb/tbhiv_facts_2013/en/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Settings
	Definitions
	Study selection
	Inclusion and exclusion criteria
	Outcome of interest
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study characteristics
	Prevalence of MDR-TB among newly diagnosed and previously treated TB cases
	Association between previous TB treatment and MDR-TB infection

	Discussion
	Limitation of the study
	Conclusion
	Abbreviations
	Acknowledgment
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

