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Abstract In Iran, patients showing rifampicin (RIF) resistance
detected by the Xpert® MTB/RIF assay are considered as can-
didates for multidrug-resistant tuberculosis (MDR-TB) treat-
ment. Despite the fact that RIF resistance has been used as a
proxy for MDR-TB, little is known about the proportion of
isoniazid (INH) resistance patterns in RIF-resistant TB. We
systematically searched MEDLINE, Embase, and other data-
bases up toMarch 2017 for studies addressing the proportion of
INH resistance patterns in RIF-resistant TB in Iran. The data
were pooled using a random effects model. Heterogeneity was
assessed using Cochran’s Q and I2 statistics. A total of 11
articles met the eligibility criteria. Data analysis demonstrated
that 33.3% of RIF-resistant isolates from new TB cases and
14.8% of RIF-resistant isolates from previously treated cases
did not display resistance to INH. The relatively high propor-
tion of INH susceptibility among isolates with RIF resistance

indicated that RIF resistance may no longer predict MDR-TB
in Iran. Therefore, the detection of RIF resistance by the Xpert
MTB/RIF assay will require complementary detection of INH
resistance by other drug susceptibility testing (DST)methods in
order to establish the diagnosis of MDR-TB.

Introduction

Tuberculosis (TB) still remains a worldwide problem and
ranks high alongside human immunodeficiency virus (HIV)
as the leading cause of death from infectious diseases [1].
Drug-resistant strains of Mycobacterium tuberculosis have
emerged as a major threat to global TB control programs [2,
3]. The World Health Organization (WHO) estimated that
there were 480,000 new cases of multidrug-resistant tubercu-
losis (MDR-TB) in 2015, defined as strains that are resistant to
at least isoniazid (INH) and rifampicin (RIF) [1]. MDR-TB
arises due to the mismanagement of TB in patients with active
infection [4, 5]. The management of MDR-TB should begin
with the identification of cases. Although early diagnosis and
proper treatment of the cases can intercept the development of
MDR-TB, accurate diagnosis of drug-resistant cases remains a
barrier to TB control [3, 5]. Conventional methods for detect-
ing drug-resistant TB take weeks to months to produce results.
During this time, patients may be inappropriately treated and
drug-resistant strains may spread to the community [6].
Recently, the WHO endorsed the use of an automated rapid
molecular assay, Xpert® MTB/RIF, for the detection of
M. tuberculosis and RIF resistance [3, 7, 8]. Concomitant
INH resistance is often communicated with RIF resistance
[9]. In Iran, with increased prevalence of MDR-TB, some
TB reference laboratories use Xpert MTB/RIF for the rapid
diagnosis of TB and detection of drug-resistant TB. Based on
the National Tuberculosis Control Program (NTP), patients
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detected as having RIF resistance on this assay are adminis-
tered MDR-TB treatment. Despite the fact that RIF resistance
has been used as Ba surrogate marker^ for MDR-TB, there is a
growing concern for the increase of r i fampic in
monoresistance in Iran [10–12]. This implies that, if these
patients were treated as having MDR-TB, a significant num-
ber would be treated incorrectly by excluding INH from the
treatment regimen. In the present study, the extent of the INH
resistance pattern in RIF-resistant TB is investigated. To our
knowledge, this is the first report that investigates the INH
resistance patterns in RIF-resistant cases.

Methods

Literature search

We searched MEDLINE (via PubMed), Embase, Web of
Science, and Iranian databases up to 31 March 2017. We used

a combination of Medical Subject Headings (MeSH) and key-
words, focusing on terms to describe the relevant populations
(patients with drug-resistant TB). We also screened the bibli-
ographies of included studies for relevant articles. We includ-
ed only studies published in English or Persian.

Selection criteria

We included original articles on the prevalence of drug resis-
tance of TB in Iran. The included studies shall provide drug
resistance data of either new cases or retreated cases or both
and use a standard method for drug susceptibility testing
(DST) of M. tuberculosis. In order to minimize the potential
bias caused by too small a sample size, articles with less than
100 subjects were excluded. Each article was reviewed by two
researchers independently. In case of discrepancies, the opin-
ion of a third researcher was sought. If the study was reported
in duplicate, the most informative version of the study was
included. Studies that did not report the number of cases with

Fig. 1 Flow chart of study
selection for inclusion in the
systematic review
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active TB, the patterns of drug resistance, or studies on sub-
populations such as studies conducted on immigrants, or HIV-
positive cases, were excluded.

Data extraction

Data were extracted into a pre-designed structured Microsoft
Excel® form by one reviewer and appraised for accuracy by a
second reviewer. The extracted data included characteristics of
the target population, settings, study designs, methods, and
results.

Quality assessment

The included studies were appraised for quality using a quality
assessment checklist designed by the Joanna Briggs Institute
[13].

Data analysis

Data analyses were performed using Comprehensive Meta-
Analysis version 2.2 (Biostat, Englewood, NJ, USA) [14].
Generally, we used fixed or random effects models, depending
on statistical heterogeneity between studies, to calculate sum-
mary estimates. Statistical heterogeneity was quantified by
Cochran’s Q and I2 statistics. To check for publication bias,
we generated a funnel plot and used Egger’s test (p < 0.05 was
considered indicative of statistically significant publication
bias and funnel plot asymmetry also suggested bias in the
meta-analysis).

Results

From the records identified from the MEDLINE, Embase,
Web of Science, and Iranian databases (Fig. 1), 11 studies
published from different regions of Iran were included in this
study (Table 1) [15–25]. In all included studies, the standard
proportional method was employed for DST, except one that
used BACTEC MGIT. The WHO/International Union
Against Tuberculosis and Lung Disease (IUATLD) guidelines
were used for direct microscopy, culture, and drug suscepti-
bility testing. According to the data from included studies, all
clinical isolates of TB were cultured from patients with active
TB. There was no information about the preventive medica-
tion, especially with INH in those with latent TB infection
(LTBI).

As shown in Table 2, of the 2552 tested isolates from new
cases, 156 (5.5%) were resistant to RIF. About a third (33.3%)
of RIF-resistant isolates from new cases were INH suscepti-
ble. Of the 440 tested isolates from previously treated cases,
195 (36.0%) displayed resistance to RIF, with 14.8% suscep-
tibility to INH (Table 2).T
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A Forest plot for the meta-analysis of any RIF-resistant TB
is shown in Fig. 2. As shown in Table 2 and Fig. 3, no evi-
dence of publication bias was observed (p = 0.2 for Egger
weighted regression analysis).

Discussion

In Iran, patients detected as having RIF resistance detected by
the Xpert MTB/RIF assay are given MDR-TB treatment with-
out knowing the patterns of INH resistance. Therefore, a sig-
nificant number of patients would be accidentally rejected
INH. According to our findings, RIF resistance is not accom-
panied by INH resistance in 33.3% of new cases and 14.8% of
retreatment cases in Iran. These data showed that a consider-
able proportion of RIF-resistant isolates were susceptible to
INH. According to the results of our study, the noncompliance
for frequency of resistance against RIF and INH decreased
from 30.3% in new cases to 14.8% in retreatment cases. One
possible reason behind this observation could be the prior
long-term TB therapy in retreatment cases, which can increase
the risk of drug resistance [26]. Espinal et al. [26] indicated
that drug-resistant TB was significantly associated with prior
treatment periods of >12 months and >6 months, respectively,
compared with a treatment period of 3 months or less.

RIF resistance is considered as a proxy for MDR-TB, as a
large proportion of RIF-resistant strains have INH resistance
as well. Then, the detection of MDR-TB would be sufficient
with a single test that detects RIF resistance [27, 28]. In areas

with low RIF mono-resistant TB but high MDR prevalence,
this correlation is particularly applicable. However, in coun-
tries with increasing rates of RIF monoresistance, this corre-
lation may be questionable and not always applicable. In Iran,
during 2010–2011, Velayati et al. [10] reported a high preva-
lence of RIF mono-resistant TB among pulmonary TB pa-
tients. The increasing rates of RIF mono-resistant TB have
also been reported from different regions of the world
[28–31]. Rufai et al. [32], from India, a high TB burden coun-
try, reported that 22% of TB isolates were RIF mono-resistant
[32]. Likewise, another investigation from this region ob-
served a high percentage of RIF monoresistance [33]. These
high rates of RIF mono-resistant TB in studies from India may
suggest that methodologies relying on RIF resistance as a
marker to detect MDR-TB are not likely to be successful.
Rufai et al. [32] have also indicated that the Xpert MTB/RIF
assay can give false-negative and false-positive RIF resistance
results. They show that relying only on the Xpert MTB/RIF
results may be a disastrous step for TB control programs.
False-negative results of RIF resistance can keep patients un-
necessarily on anti-TB chemotherapy for a long duration, thus
leaving the patients inappropriately treated. This can lead to
the amplification and spread of MDR-TB [32]. Unlike studies
from India, much lower RIF monoresistance levels were re-
ported from Pakistan and Turkey [34, 35]. According to Ayaz
et al. [34], the low rates of RIF monoresistance would support
the use of RIF as a marker for MDR-TB in the Pakistani
population. In the current study, it is important to note that
we did not specifically address the reliability of RIF resistance

Table 2 Isoniazid (INH) resistance patterns given resistance to rifampicin (RIF)

Subgroups No. of patients Isolates with any resistance to RIF Isolates resistant to RIF

% n/N I2(%) Susceptible to INH (% of
any RIF resistance)

Resistant to INH
(% of any RIF resistance)

New cases 11 5.5 156/2552 90 52 (33.3) 104 (66.7)

Retreatment cases 7 36.0 195/440 88 29 (14.8) 166 (85.2)

n/N: Isolates with any resistance to RIF/total tested; I2 : heterogeneity test

Fig. 2 Forest plot of the meta-
analysis on any rifampicin (RIF)
resistance in new cases
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detected by molecular tests as a proxy for MDR-TB.
However, RIF resistance may no longer predict MDR-TB in
a significant number of patients in Iran. Thus, we suggest that
each country carries out evaluation work, to prepare guide-
lines for the use of the Xpert MTB/RIF at the national level.
Furthermore, the detection of RIF resistance by Xpert MTB/
RIF will need to be complemented by the diagnosis of INH
resistance by other DST methods in order to establish the
diagnosis of MDR-TB. According to the WHO guidelines
for the management of drug-resistant TB, Bif isoniazid suscep-
tibility cannot be ascertained, the addition of isoniazid to the
regimen may be considered^ [36].

Our systematic review had some limitations. First, we
could not analyze the effect of factors such as previous pre-
ventive medication on drug susceptibility status, because of
the limited information obtained from the studied articles.
Patients with LTBI who received preventive therapy, especial-
ly with INH, are at higher risk for acquiring anti-TB drug
resistance compared to those who did not [37]. Second, al-
though in all included studies WHO guidelines were used for
drug susceptibility testing, our findings should be interpreted
in the context of the variability in study quality. Finally, as
with any systematic review, limitations associated with publi-
cation bias should be considered.

In conclusion, due to the high proportion of INH suscepti-
bility among isolates with RIF resistance, RIF resistance may
no longer predict MDR-TB in a significant number of cases in
Iran. Therefore, Xpert MTB/RIF results must always be con-
firmed by DST in order to establish the diagnosis of MDR-
TB. INH should also be included in the treatment regimen at
least until INH resistance is proven.
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