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Introduction: MDR-TB is a disease that is caused by M. tuberculosis that is resistant
to atleast the two most effective and important TB drugs, Isoniazid (INH) and Rifampicin
(RFM (. Multidrug and extensively drug-resistant tuberculosis (M/XDR-TB) is a man-
made phenomenon that emerges as a result of a major challenge toward TB control and
prevention. Approximately 650.000 MDR-TB cases worldwide were estimated by (WHO)
in 2011. The objective of the study was to assess multidrug resistance tuberculosis
(MDR-TB) pattern of M. tuberculosis and risk factors for drug resistant TB in Yemen.

Methods: A retrospective cross-sectional study was used. Data collected from
January 2014 to December 2014 in National Tuberculosis Institute (NTI) in Sana’a. For
TB drug resistant drug susceptibility testing on M. tuberculosis (MTB) isolates with
first-line anti-tuberculosis drugs of culture positive TB cases was done. The MDR-TB was
investigated and the proportion method for frequency was calculated. Multiple logistic
regression analysis was performed to assess the risk factors. Total sample was 414.
There were 6 variables analysed as risk factors.

Result: 0f 414 isolates examined for DST; among them 397 were new cases and 17
were previously treated. The mean age for patients was 32.60 + 14.571 years (SD). The
MDR-TB prevalence was 11 cases (2.7%) of all cases, 8 cases (2%) among new cases and
3 cases (17.4%) among the previously treated patients, respectively. Treatment history
was only the significant risk factor, adjOR=10.42 (95% CI: 2.493-43.541, P =0.002).

Conclusion: The burden of multidrug-resistant TB cases was low among new cases
but moderately high among previously treated cases. The need to reinforce control,
detection and rigorous measures for treatment strategies for drug resistant TB is
necessary. Periodic survey to detect MDR-TB and availability of second-line drug is an
urgent need.

Introduction

Multidrug-resistant tuberculosis (MDR-TB) is defined as
a tuberculosis that is resistant to at least isoniazid (INH) and
rifampicin (RFM) which are the backbone of short-course
chemotherapy for tuberculosis [1]. An inadequate drug treatment of
an individual with TB will kill the majority of bacteria but will allow
a small number of resistant bacteria to grow within those bacterial
populations which are arising by spontaneous mutation [2-4]. The

emergence of multidrug-resistant for M. tuberculosis isolation has

increased worldwide and reached epidemic rates in some countries
[5]. That is often attributed to inappropriately management of
tuberculosis cases and inadequate control programs for disease
[6]. Therefore, the resistance of M. tuberculosis for drugs reflects
the poor quality of control programs and is a direct result of poor
treatment practices concerning the use of anti-TB drugs7. An
inappropriate treatment plays a dual role with respect to MDR-TB
where it can be either a risk factor of resistance or a result of MDR-
TB7.
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These relationships are so widely recognized that MDR-TB is
classified as being due to previous treatment (acquired resistance)
if the patient has been treated before and attributed to an infection
withan MDRstrain of M. tuberculosis (primaryresistance)if detected
in newly diagnosed patients [7]. Patients with MDR-TB provide a
greater opportunity for transmission this type of tuberculosis due
to the longer period during which these patients remain infectious
[8]. Lack of the second line for treatment will lead to a frequent
incidence for MDR-TB in population. Between 1999 and 2002, the
World Health Organization (WHO) has documented the globally
prevalence of MDR-TB by 1.7% in all cases, 1.1% in new cases, and
7% in previously treated cases respectively [9]. However, in the
latest report, WHO (2013) estimated the globally MDR prevalence
by 3.6% (95% CI: 2.1-5.1%) of new cases and 20.2% (95% CI: 13.3-
27.2%) of previously treated cases. This remarkable increasing in
MDR-TB forms strong challenges and has complicated the control
of the disease [10-12]. Therefore, immediate identification of these
resistant isolates is very important for adjustments in treatment
[13].

In Yemen; the most important challenges which face the health
authorities are the lack of the second-line for treatment, the long-
term for the treatment of MDR-TB, costly and failure to react by
scaling-up the country response to multidrug resistance; and thus
may lead to an epidemic of M/XDR-TB in the future. Also; limited
national resources are insufficient to fulfil all requirements in
providing comprehensive service for MDR-TB management [14].
The objective of this study was to determine the prevalence of
resistant to the tow major anti-tuberculosis drugs, i.e., isoniazid
(INH), rifampicin (RFM) to assess the current performance of the
NTP in Yemen.

Methods
Study Design

A retrospective cross-sectional study was used.

Study Population

All reported-positive tuberculosis cases enrolled in Sana’a
NTCP institute in the period from January to December 2014 and
which were examined for Drug susceptibility testing (DST) were
considered the Study Population.

Drug Susceptibility Testing (DST)

All positive sputum specimens were identified, and Drug
susceptibility testing (DST) was done in the NTI. For isolation of
culture, each specimen was treated with 4% NaOH to one volume
of sputum and then homogenized by vigorous stirring. An aliquot
of 0.1 ml of the specimen thus treated was inoculated into two
tubes of 2% Kudoh media and incubated at 37°C. The culture was
read in week 1 and after 4 weeks to detect rapid and slow growing,

following which observations were made every week for 8 weeks

until the result was recorded as negative [15]. M. tuberculosis
growing on media was differentiated from other mycobacteria by
growth characteristics, colony morphology, the niacin test by a
paper strip and the P-Nitrobenzoicacid susceptibility test. DST was
performed both at the National TB Reference Laboratory at the NTI,
Sana’a city for confirmation. The proportion method was carried
out for DST using Lowenstein-Jensen (L-]) medium at the NTI or
Ogawa medium at the RIT.

The critical proportion of resistance was 1% for all drugs; the
critical concentration was as follows: 0.2 pg/ml for INH, 40 pg/ml
for REP, 4.0 pg/ml for SM with (L-J) medium and 10pg/ml with
Ogawa medium and 2.0 pg/ml for ETB with L-] medium and 2.5
pg/ml with Ogawa medium. A preliminary reading for DST was
made at week 2, 3 and finally after 4weeks [16]. Resistance was
expressed as the percentage of colonies that grew on the drug-
containing medium compared to those on control medium [17].
After that MDR-TB was identified and thereafter, the patients were
classified into two groups: MDR-TB and non-MDR-TB. Information
was collected and analyzed. All culture-confirmed cases by Drug
Susceptibility Test (DST) were taken as a sample size for the study
after satisfying inclusion and exclusion criteria. Exclusion criteria
were non-Yemeni people, cases with missed information and
contaminated culture.

Sample Size

The sample size was determined according to Kish, L. (1965,
1995) where the sample size for a simple random sample without
replacement was calculated as following formula [18]:

=(;j2p(1—p)

Where Z=1.96 for 95% confidence level, M =0.05 (5%) margin
of error and P=50%was the expected value for the proportion of
a sample that will respond a given way to a study question. For
solving the equation: using my selected factors

1.96)
= 22| 5(1-5)=
n [.05) (1-.5)=384

However, operationally all culture-confirmed cases which were
examined for Drug Susceptibility Test (DST) were taken as a sample
for the study rather than the calculated sample size.

Data Collection

Data was collected from laboratory isolates during January
2014 to December 2014 and matched to the cases registry in the
tuberculosis system. All information about patients were taken
from the registers where these registers contain all information
such as; demographic information (age, sex, place of live) clinical
information (new cases, previous treatment cases) for TB and
socioeconomic information by calling the patients by their phone
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numbers which were presented in cases register to ask them about
their missed information such as (education level, smoking) in
order to study and analysis them.

Study Variables Definition

There were 7 variables analyzed. Dependent variable was
multidrug-resistant TB isolates for the drugs used in first line
treatment (rifampicin, isoniazid, ethambitol and streptomycin)
or non-multidrug resistant. MDR-TB means resistant of M.
tuberculosis for at least rifampicin and isoniazid together, and with
or without the other drugs (streptomycin and ethambitol). Any
other form of resistant was considered NON MDR-TB. Independent
variables were age (<40 years old, >40 years old), type of patient
(new, previous treatment), sex (male, female), place of live (rural,
urban), level of education (literate, illiterate) and smoking (smoker,
non-smoker).

Statistical Analysis

Collected data was coded and transferred to SPSS version
21 packages. Calculation of mean and SD for age by t-test and
for comparison of categorical variables, significance testing was
done by x2 test with by 2-sided correlation test as appropriate.
Associations between selected factors were estimated by computing
odds ratios (ORs) and their 95% confidence intervals (CIs) from a
logistic regression model. The criterion for significance was set at
P < 0.05 based on a two-sided test. Analyses were conducted with
SPSS version 21.0 (SPSS Inc., Chicago, IL, USA).

Ethics Statement

The research proposal was approved by the ethical committee

of University of Science and Technology. All participants were
verbally informed about the objectives of the study (oral consent),
and forms of data collections were filled depending on principle
of confidentiality using non linked information (no names will
be written on the questionnaire). As well as official letter for
permission of conducting the study to the national tuberculosis
institute was provided.

Results

Characteristic of Patients

Of 650 cases of tuberculosis identified by primary culture
between January to December 2014 in National Tuberculosis
in Sana’a; 445

susceptibility Test (DST). Of these isolates 4 cases were not Yemeni

Institute isolates were examined for Drug
people and 6 isolates reported as contaminated and 21 of cases we
cannot contact to complete the missing information. The rest of
isolates (414) were taken for this study. The prevalence of MDR-TB
was 2.7 % (11 cases) and NON-MDR TB was 97.3% (403). Of 414
cases, the males were 221(53.38%). Among them 6 cases (1.45%)
were MDR-TB comparing of 5 cases MDR-TB in females which
werel93 (46.62%). The result was not statistically significant;
adjOR=1.24(95% CI: 0.297-5.184, P>0.05). The main age for
patients was 32.60 + 14.571 years (SD). As in the Table 1; MDR-
TB was more frequent in patients less than 45 years old; where
of 328(79.23%) cases less than 45 years old; MDR TB prevalence
was 1.93 % (8 cases). In patients more than 45 years old; MDR TB
prevalence was 0.72% (3 cases). The result was not statistically
significant; adjOR=1.2 (95% CI: 0.974-1.081, P> 0.05).

Table 1: Characteristics of Patients with Culture Confirmed Pulmonary Tuberculosis: comparison of patients with MDR-TB and

NON MDR-TB in Yemen in 2014.

Variable Non-MDR-TB (no=403)-No (%) MDR-TB (no=11)-No (%) Total (N=414)-No (100%)
Sex
Male 215 (51.93) 6 (1.45) 221(53.38)
Female 188 (45.41) 5(1.21) 193(46.62)
Age
<45 320 (77.30) 8(1.93) 328(79.23)
>45 83 (20.05) 3(0.72) 86(20.77)
Type of patient
New 389 (93.97) 8(1.93) 397(95.9)
Previous treatment 14 (3.38) 3(0.72) 17(4.1)
Residence
Rural 237 (57.25) 6 (1.45) 243(58.7)
Urban 166 (40.1) 5(1.21) 171(41.3)
Smoking
Non smoker 342 (82.61) 10 (2.42) 352(85)
Smoker 61 (14.73) 1 (0.46) 62(15)
Level of education
[lliterate 209 (50.48) 5(1.21) 214(51.69)
Literate 194 (46.86) 6 (1.45) 200(48.31)
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Of 414 patients; the new patients were 397 cases (95.9%);
where the prevalence in this new patient group was 2%
(prevalence= 8/397) and in the previous treatment patients was
17.6 % (prevalence = 3/17). The MDR TB in this group was more
frequent than the new patient group. This result was statistically
significant; adjOR=10.42 (95% CI: 2.493-43.541, P =0.002). Of 414
patients; non smoker patients were 352(85%) of them 10cases
(2.42) were MDR TB. Smoker patients were 62(15%) of them 1 case
(0.46%) was MDR TB. This result was not statistically significant;
adjOR=2.17 (95% CI: 0.29-22.44, P > 0.05). Of 414 patients; 243
cases (58.7%) were lived in rural area. Of them 6 cases (1.45%)
were MDR-TB comparing of 5 MDR-TB cases (1.21%) of 171 cases
(41.3%) were lived in urban area. The result was not significant,
adjOR=1.975 (95% CI: 0.513-7.598, P > 0.05). According to
education, the illiterate patients were 214 cases (51.69%) and
MDR-TB prevalence among them was 5 cases (1.21%) comparing
of 6 cases among literate patients. The result was not significant;
adjOR=(0.9: 95% CI 0.834-1.212, P > 0.05).

Discussion

Information on anti-tuberculosis drug resistance levels is
an essential management tool for evaluating the performance of
national TB control programmers (NTPs). Resistance in previously
treated cases is an indicator of current treatment practices in the
community. Drug resistance in new cases reflects transmission of
disease with resistant bacilli [19]. This present study shows that
the prevalence of MDR-TB was 2.7% (11 cases) for all cases and the
prevalence between the new patient group was 2% (prevalence =
8/397) and among previously treated patients’ group was more
frequent than the new patient group where the prevalence was
17.6% (prevalence= 3/17). This result was statistically significant;
(adjOR=10.24 (95% CI 2.41- 43.541, P =0.002) and consistent
with most studies done in analyzing MDR-TB. Compared with the
national survey that has been conducted in 2010-2011, which
estimated the rates for MDR-TB in new and previously treated cases

by 1.4% and 14.4%, respectively 14, the MDR-TB prevalence among
previously treated cases and among new cases was modestly higher
than the national average but this rates were slightly down from the
globally estimation reported by WHO in (2013) which estimated
the MDR-TB prevalence by 3.6% (95% CI: 2.1-5.1%) of new cases
and 20.2% (95% CI: 13.3-27.2%) of previously treated cases 10.

Compared with neighboring countries; Saudi Arabia multidrug-
resistant TB were 3.4% [20]. Rates in the United Arab Emirates and
Kuwait are among new 2.2% (95% CI: 0.0-10.8) and 10.8% (95%
CIl: 0.0-34.5) among previously treated patients. In morocco the
prevalence was 0.5% among newly treated (95% CI: 0.2-1.1) and
12:2 % (95% CI: 8.2-17.7) among previously treated patients. In
Iran the prevalence was 5% among new patients (95% CI: 3.5-
6.9) and 48.2% (95% CI: 35.7-61.0) among patients. In Oman the
prevalence of MDR-TB among new was 2.2% (95% CI: 0.7-6.2) and
8.3% (95% CI: 0.4-35.4) among previously treated cases. In Jordon
5.4 % (95% CI: 2.5-11.3) among new patients and 40% (95% CI:
24.6-57.7) among previously treated [21]. In Somalia MDR-TB was
detected in 5.2% (95% CI: 2.8-7.5) of newly diagnosed TB patients
and in 40.8% (95% CI: 24.7-57.0) of previously treated TB [22].
Resistant to the first-line drugs were usually difficult to be detected
because culturing and drug susceptibility testing occurs only in
two central laboratories; Aden and Sana’a and are not routinely
performed atthe other centers and districts tuberculosis clinics. The
use of standard first-line drugs in the treatment of these patients
may increase the risk of relapse, treatment failure and acquired
drug resistance [19]. As in the Table 2; this present study shows
that there were not significant association between the following
variables, age (adjOR=01.62: 95% CI 0.271-9.727, P=0.871), sex
(adjOR=1.24: 95% CI .297-5.184, P> 0.05), smoking (adjOR=2.17:
95% CI: 0.29-22.444, P >0.05), place of live (adjOR=1.773: 95% CI
467-6.724, P>0.05) and level of education (adjOR= 0.9: 95% CI:
0.834-1.212 p=0.909). These results were consistent with many

previous studies.

Table 2: Factors associated with multi-drug resistant tuberculosis in Yemen.

S Non-M1 R-TB l(\:[lDol:lTll; Univa riate Nlialtivariate
(n0=403) No (%)
No (%) cOR 95% CI p-Value aOR 95% CI p-Value,
Sex
Male 215 (51.93) 6(1.45) 0.953 .286-3.173 1 0.736 .176-3.075 0.674
Female 188 (45.41) 5(1.21)
Age
<45 320 (77.30) 8(1.93) 1.446 .375-5.570 0.871 1.624 .271- 0.595
> 45 83 (20.05) 3(0.72) 9.727
Type of patient
New Previous 389 (93.97) 8(1.93) 10.42 2.493-43.541 0.002* 14 2.58-72.59 0.002
treatment 14 (3.38) 3(0.72)
Residence
Rural 237 (57.25) 6(1.45) 1.19 .357-3.963 1 2 467-6.724 0.4
Urban 166 (40.1) 5(1.21)
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Smoking
Non smoker 342 (82.61) 10 (2.42) 0.561 .0704.459 0.9 0.355 .037-3.423 0.37
Smoker 61 (14.73) 1(0.46)
Level of education
[lliterate 209 (50.48) 5(1.21) 1.293 .388-4.304 0.909 0.956 .169-5.412 0.96
Literate 194 (46.86) 6(1.45)
Study Limitations 5. Mokrousov I, Otten T, Vyshnevskiy B, Narvskaya O (2003) Allele-specific

Patients’ related information was retrieved from medical
records. Missing and wrong data was possible to affect the result
and interpretation. The other main limitation is that I could not
include other important variables associated with MDR-TB such
as HIV infection; diabetes mellitus, cavitary chest lesion, level of
habitant and socioeconomic factors.

Conclusion

This study conducted under difficult circumstances in the
country with unstable social conditions where the security situation
is most disturbance and disruption of care more frequent. In
additional to Yemen also is most affected by recent food shortages
and has the most internally displaced persons, these factors are
expected to exacerbate disease progression and transmission of
M. tuberculosis [23]. Thus, MDR-TB is expected to be a serious
under-detected and widespread public health problem in Yemen.
Despite this, the study could determine the burden of multidrug-
resistant TB cases that was low among new cases but moderately
high among previously treated cases. This study recommends the
need to reinforcement control, detection and rigorous measures for
treatment strategies for drug resistant TB are necessary. Periodic
survey for detect MDR-TB and availability of second-line drug is an
urgent need.
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