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Abstract

Introduction: Ethambutol (EMB] is an anti-mycobacterial agent that is most commonly used
in combination with other anti-tuberculosis (TB] drugs in the treatment of TB. Studies have
shown that primary resistance rates of Mycobacterium tuberculosis to EMB vary widely, that
is, from 1% to as high as 14%. In this study, we aimed to determine the exact prevalence of
primary EMB resistance among pulmonary TB cases.

Methods: Several databases, including Medline, Embase, and Iranian databases, were
searched from March 2000 to January 2016 to identify studies addressing EMB-resistant TB in
Iran. Comprehensive meta-analysis (V2.2, Biostat] software was used to analyze the data.
Results: Of the 112 records identified from the databases, 10 studies fulfilled the eligibility
criteria. The pooled prevalence of primary EMB-resistant TB was estimated at 4.2% [95%
confidence interval (Cl) 1.8-9.0]. No evidence of publication bias was observed among the
included studies (p = 0.4 for Begg rank correlation analysis; p = 0.2 for Egger weighted

regression analysis).

Conclusion: Results of systematic review and meta-analyses indicated that effective
strategies to minimize the acquired drug resistance, to improve the drug susceptibility testing
(DST) capability, and to control the transmission of resistance should be attached importance

for control of TB in Iran.
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Introduction

Tuberculosis (TB) caused by Mycobacterium tuber-
culosis is a major global health problem. In 2014,
there were an estimated 9.6 million new TB cases
and 1.5 million deaths from the disease [World
Health Organization (WHO), 2015]. Some
important challenges for control of TB include the
emergence of multidrug-resistant TB (MDR-TB),
lack of rapid methods for detection of drug-resist-
ant TB, and widespread irrational use of anti-TB
drugs without known drug susceptibility patterns
[Nasiri er al. 2014; Varahram er al. 2014a]. The
currently recommended treatment for new cases
of drug-susceptible TB includes an induction
phase consisting of isoniazid (INH), rifampin
(RIF), pyrazinamide (PZA), and ethambutol

(EMB) [WHO, 2015]. EMB, the key component in
the first-line treatment for TB, is added as a protec-
tion against unrecognized resistance to one of the
three core drugs [Horsburgh ez al. 2015]. However,
treatment of patients infected with M. ruberculosis
strains showed simultaneous resistance to EMB
and INH or EMB and RIF, and using the current
chemotherapy methods has been associated with
increased risk of treatment failure and further
acquired resistance [WHO, 2011]. Thus, under-
standing the exact extent of mono- or poly-
resistant TB is crucial for the programmatic
management of TB cases. The incidence rate of
TB in Iran, which is located between high
TB-burden countries, was 22 cases per 100,000
people in the year 2014 [WHO, 2015]. Studies
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from Iran have also shown that primary resistance
rates of M. tuberculosis to INH and RIF vary
widely, that is, from 10% to 40% [Merza et al.
2011; Velayati er al. 2014; Nasiri er al. 2016].
However, little is known about the prevalence of
EMB-resistant TB in Iran. In this study, we aimed
to investigate the true prevalence of primary EMB
resistance among new pulmonary TB cases, using
a systematic review and meta-analysis according
to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement
[Moher ez al. 2009].

Method

Literature search and inclusion criteria

To identify relevant studies, we conducted a lit-
erature search in the bibliographic databases
Medline (via PubMed), Web of Science, Embase,
and Iranian databases from March 2000 to
January 2016. Key words used in the search
included ‘tuberculosis’, ‘primary drug-resistance’,
‘ethambutol’, and related terms. Only studies
that used standard methods for drug susceptibil-
ity testing (DST) of M. tuberculosis, reported pri-
mary drug-resistant data, and enrolled patients
who presented with symptoms of TB were
included. Studies that did not report the number
of new cases with active TB, the patterns of pri-
mary drug resistance, or that considered only spe-
cific groups were excluded. To minimize the
potential bias caused by a sample size too small,
studies with less than 50 subjects were excluded.
Studies identified by the search strategy were
reviewed for eligibility based on title and abstract
by two reviewers. Two investigators assessed full
manuscripts of the records kept based on title and
abstract independently. The term ‘primary resist-
ance’ refers to new TB cases that have never
received anti-TB drugs. The term ‘mono-resist-
ance’ refers to resistance to one anti-TB drug.
‘Any drug resistance’ defines resistance to any
drug regardless of ‘mono-resistance’ or MDR-TB,
whereas ‘poly-resistance’ refers to resistance to
two or more drugs excluding MDR-TB.

Data extraction

Data were extracted using an extraction form by
the first author and were verified by the second
author. The following data were extracted: first
author, publication year, study setting, enroll-
ment time, number of patients investigated, drug
resistance profile, human immunodeficiency virus

(HIV) status, and distribution of age and sex in
the study population.

Quality assessment of studies

Quality assessment of included studies was per-
formed using checklist provided by the Joanna
Briggs Institute [2014].

Statistical analysis

Meta-analyses were performed using Compre-
hensive Meta-Analysis version 2.2 (Biostat).
Heterogeneity in the reported effects was exam-
ined using a fixed and a random effects model.
Heterogeneity between studies was measured
using I? statistics in conjunction with Q-statistics.
The random effects model was used if either
the p value was below 0.05 or I? was above 60, as
an I? above 60 indicates that 60% of the total
observed variation is due to true heterogeneity.
Begg’s rank correlation and Egger weighted
regression methods in combination with a funnel
plot were used to assess publication bias (p <
0.05 was considered indicative of statistically sig-
nificant publication bias; funnel plot asymmetry
also suggests bias in meta-analysis).

Results

Of the 112 records identified from the Medline
(Via PubMed), Web of Science, Embase, and the
Iranian database searches, 21 were considered for
evaluation of the full manuscript. Of the full-text
articles reviewed, 10 studies fulfilled the eligibility
criteria (Table 1). Figure 1 shows why records
were excluded based on the assessment of title/
abstract and full-text articles. The final dataset
included data from different TB centers of Iran.

Of the 10 studies, the pooled prevalence of pri-
mary EMB-resistant TB was estimated at 4.2%
[95% confidence interval (CI) 1.8-9.0]. The
results were found to be frequently heterogeneous
(2 = 90.0; p = 0.00 test for heterogeneity).
Details of the meta-analysis of different forms of
EMB resistance, model used for heterogeneity,
and the p values are provided in Table 2. Forest
plot for meta-analysis of EMB-resistant TB is
shown in Figure 2.

As shown in Table 2 and Figure 3, no evidence of
publication bias was observed (p = 0.4 for Begg
rank correlation analysis; p = 0.2 for Egger
weighted regression analysis).
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Table 1. Characteristics of studies included in the meta-analysis.

Embase and Iranian databases
(Without duplicates)

112 articles identified through database searching Medline,

21 full-text articles assessed
for eligibility

10 studies included in meta-
analysis

Figure 1. Flow diagram of search strategy.

Discussion

EMB is one of the key components of the first-line
anti-TB drugs and is added to the current treat-
ment regimen for TB as a protection against
unrecognized resistance to other core drugs (INH,
RIF, and PZA) [Horsburgh ez al. 2015]. Increasing
resistance to EMB is associated with increased
risk of unsuccessful TB treatment outcome and

91 irrelevant or unrelated journal
titles and abstracts excluded

11 journals excluded:
1 consider only cases infected with HIV
2 enrolled less than 50 cases
3 not standard DST
1 could not obtain pdf
4 no data on primary drug resistance

acquiring resistance to other anti-TB drugs
[WHO, 2011]. Therefore, understanding the cur-
rent situation of primary EMB-resistant TB is
necessary for the programmatic management of
TB cases in Iran. Studies have shown that primary
resistance rates of M. tuberculosis to EMB vary
widely, that is, from 1% to as high as 14% [Namaei
et al. 2006; Farazi er al. 2013; Seif ez al. 2015]. We
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Table 2. Meta-analysis of prevalence of primary EMB resistance in Iran.

Study name  Time point

Event rate and 95% CI

Relative Event Lower Upper

Total weight rate limit limit
Mansoori 1996-2000 51/187 11/65 0/273 0/214 0/341 [ ]
Bahrmand  1998-1999 17/563 11/41 0/030 0/019 0/048
Heidarnejad 1999-2000 0/148 5/13 0/003 0/000 0/051
Shamaei 2000-2003 11/363 11/17 0/030 0/017 0/054
Namaei 2001-2002 2/105 8/90 0/019 0/005 0/073
Mirsaeidi 2003-2004 7/196 10/81 0/036 0/017 0/073
Marjani 2003-2008 17/508 11/41 0/033 0/021 0/053
Nasiri 2010-2012 10/252 11/10 0/040 0/021 0/072
Farazi 2011-2012 15/103 11/28 0/146 0/090 0/228 B
Sani 2012-2013 1/74 7/13 0/014 0/002 0/090
0/042 0/018 0/091 ’
-1/00 -0/50 0/00 0/50 1/00
Figure 2. Forest plot of the meta-analysis on any EMB-resistant cases.
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Figure 3. Funnel plot of the meta-analysis on any EMB-resistant cases.
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used meta-analysis to summarize these findings,
reporting on 10 studies that included 2499
patients. The pooled prevalence of primary EMB-
resistant TB in Iran was found to be 4.2% (95%
CI 1.8-9.0).

In many low- and middle-income settings, due to
inadequate laboratory capabilities for DST, most
of the MDR-TB cases are treated based on the
standardized regimens that are recommended by
WHO and the Union [Caminero and Van Deun,
2013; WHO, 2014]. These regimens use drug
resistance survey data from a representative
patient population but do not use DST results
from the individual patient’s isolate [Caminero
and Van Deun, 2013; Daley and and Caminero,
2013]. However, there are conflicting opinions
about drug-resistant cases other than MDR-TB,
largely because of the paucity of strong evidence.
Definitive randomized or controlled studies have
not been performed to determine the best treat-
ment regimens for various patterns of drug resist-
ance [WHO, 2011]. Treatment of these cases
with first-line drugs alone will likely result in fail-
ure. Thus, when a decision has been made to
modify standard chemotherapy, the most effec-
tive regimen should be chosen to maximize the
likelihood of cure. In this regard, different regi-
mens have been suggested by WHO for common
patterns of mono- and poly-resistant TB [WHO,
2014]. For example, for EMB- and INH-resistant
TB, the WHO Guide recommends a regimen
with 9-12 months of RIF, PZA, and levofloxacin
[WHO, 2014]. Some experts also recommend
using a second-line injectable agent for treatment
[Rich, 2013; Varaine and Rich, 2013]. It should
be taken into consideration that, if there is a high
probability that the effectiveness of any of the
first-line drugs has been compromised, the patient
should be treated with an MDR-TB regimen
[WHO, 2014]. Therefore, using rapid DST
methods to evaluate the status of resistance to
anti-TB drugs during therapy is crucial for treat-
ment of patients with mono- and poly-resistant
TB.

The heterogeneity of estimates between studies
and limitations associated with potential publica-
tion bias is considered a limitation of this study.

In conclusion, this review provides an overview of
prevalence of primary EMB-resistant TB in Iran.
Our results suggest that effective strategies to
improve the DST capabilities, to minimize the
acquired drug resistance, and to control the

transmission of resistance should be attached
importance for control of TB in Iran.
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