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Abstract

Background: The emergence and spread of drug resistant and multidrug resistance are a global health problem.
The susceptibility patterns of M. tuberculosis isolates against anti-tuberculosis drugs forms an important aspect of
the control programs at the local level. The aim of this study was to determine the pattern of the susceptibility of
drugs to M. tuberculosis isolates from patients with pulmonary tuberculosis in Tripoli, Libya.

Methods: Drug Susceptibility Test (DST) was performed on 261 isolates of M. tuberculosis by BD BACTEC
MGIT 960 SIRE system. The drugs tested were: isoniazid (INH), rifampicin (RIF), streptomycin (SM) and ethambutol
(EMB).

Results: All isolates (261) were confirmed as M. tuberculosis complex and showed different resistance patterns:
8.8% to INH; 5.7% to RIF; 8.8% to SM; and 9.0% to EMB. Rifampicin was the lowest detected resistance first-line
antibiotics studied. One drug resistant was observed in 18.0%; 3.8% were resistant to two drugs; and 2.3% were
resistant to a combination of three-drugs. Of the total 261 cases, 217 were designated as new untreated patients
and 44 as previously treated patients. In terms of resistance to any drug, there was a significant difference between
the two categories (P<0.014). However, there was no significant difference between new and previously treated
patients in relation to one drug resistant (P=0.4). Meanwhile, there was a significant difference in relation to two drug
resistant (P<0.005), Nine (20.5%) of the isolates designated multi-drug resistant (MDR) were obtained only from
previously treated patients. None of newly treated cases had isolates resistant to three-drugs nor MDRs.

Conclusion: This preliminary study indicated the low prevalence of drug resistance M. tuberculosis (MTB)
among previously treated patients in Tripoli.
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Introduction
Tuberculosis (TB) is a major cause of morbidity and mortality

worldwide, especially in the developing countries. World health
organization (WHO) estimates that 8.8 million new cases and 1.1
million deaths from TB occurred in the year 2010. Most of the
estimated numbers of cases were in Asia (59%) and Africa (26%) [1].
In Libya, the prevalence of TB cases is estimated in the period of 2010
at 40 cases per 100.000 populations and the incidence of 53 cases per
100.000 populations [1]. Globally, there were an estimated 630,000
cases of multi drug resistant (MDR) TB (range, 460 000–790 000)
among the world’s 12 million prevalent cases of TB in 2011. Almost

60% of MDR-TB cases worldwide are estimated to occur in India,
China, the Russian Federation and South Africa [2].

MDR-TB is caused by strains of M. tuberculosis (MTB) that are
resistant to at least isoniazid and rifampicin, the most effective first-
line TB drugs. The use of drugs in suitable doses and duration can
control the disease to a great extent. However, inadequate treatment,
due to poor patient compliance, inappropriate therapy regimen, and
irregular drug supplies are important factors in development of drug
resistance [3].

A national surveillance and analysis of local rates of drug resistance
patterns in MTB are an essential tool for monitoring of the
effectiveness of TB control programs and prevention of the
dissemination of resistant strains in the community [4]. Although,
drug resistance has been reported from different countries, according
to our knowledge there is no information to evaluate the current status
of MDR-TB in Libya. In this context, the aim of this study was to
provide a preliminary assessment rate and patterns of MTB resistance
of isolates obtained from patients diagnosed with pulmonary
tuberculosis.
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Material and Methods
This study was conducted from February 2010 to January 2011 in

the TB reference laboratory at the National Center for Disease Control
(NCDC), Tripoli, Libya. During this period, 3,590 sputum specimens
were investigated in 1,029 patients clinically suspected of suffering
from pulmonary TB.

All sputum specimens were routinely examined by Ziehl-Neelsen
staining and culture analysis tests. Each sputum specimen was digested
and decontaminated by the N-acetyl-L-cystine-NaOH (Mycob prep-
Becton Dickinson) method according to the standard procedure. After
decontamination, 500 µl of the processed specimen was inoculated
into an MGIT culture tube containing both 10% OADC (oleic acid,
albumin, dextrose, and catalase; Becton Dickinson) and 0.8 ml of
PANTA antimicrobial supplement (polymyxin B, amphotericin B,
nalidixic acid, trimethoprim and azlocillin; Becton Dickinson). After
that, inoculated MGIT tubes were incubated in the MGIT culture
system until growth was seen or up to 42 days of no growth. The
isolates were identified as MTB by BD MGIT TB identification test
and characterized by certain biochemical tests such as niacin
accumulation and susceptibility to para-nitrobenzoic acid (PNB) [5].

Drug susceptibility testing was performed on MTB isolates using
the BACTEC MGIT 960 liquid culture system in accordance with the
manufacturer’s recommendations. For each isolated, 5 tubes were
prepared: four of the tubes contained the anti-tuberculosis drugs
(BACTEC MGIT SIRE; Becton Dickinson), and one was a drug-free
growth control. To all tubes, 0.8ml of growth supplement (BACTEC
MGIT 960 SIRE supplement; Becton Dickinson) was added and 100µl
of drug stock solution was added to each drug containing tube. The
final critical concentrations of each anti-tuberculosis in the test tubes
was 0.1µg/ml INH, 1.0µg/ml RIF, 1.0µg/ml SM and 5.0µg/ml EMB. All
of the drugs containing tubes were then inoculated with 0.5ml of the
positive broth culture. The drug-free control was inoculated with
0.5ml of a 1:100 dilution of the positive culture broth in sterile distilled
water. Drug susceptibility results were interpreted on the same day
that distinct growth was seen in the control media. A P value <0.05
was considered as significant. Open Epi software (Epi Info™ 7,) was
used for all statistical analyses.

Results
Of the 3,590 sputum specimens collected from clinically suspected

TB patients, 599 (16.7%) were proven cultures positive for MTB. A
drug susceptibility test was performed only on 261 MTB isolates
randomly selected due to economic measures. There were 218 (83.5%)
males with the mean age of 35 years and 43 (16.5%) were females with
the mean age of 40 years, with a male: female ratio of 5:1. The majority
of cases 223 (85.4%) were from Libyan patients, and 38 (14.6%) were
African and Asian patients.

Out of 261 isolates, 198 (75.9%) were sensitive to all four drugs,
whereas 63 (24.1%) were resistant to one or more of the drugs. The
isolates showed different resistance patterns to four drugs tested as
following: 23 (8.8%) to INH; 15 (5.7 %) to RIF; 23 (8.8%) to SM; and
25 (9.0%) to EMB, rifampicin was the lowest detected resistant to the
studied first-line antibiotics. Forty seven (18.0%) of isolates were
resistant to one drug, 10 (3.8%) were resistant to two drugs and 6
(2.3%) were resistant to a combination of three-drugs. One drug
resistance was observed in all four drugs tested as following: RIF was
the lowest (1.5%) exceeded only by INH (3.8%), SM (5.4%), and EMB
18.0%) (Table 1). Resistance to RIF was found associated with two

drug resistance and three-drug resistance, INH was involved in all
patterns of three-drug resistance combinations.

The comparison of the resistance patterns of new untreated cases
(217) and previously treated cases (44) are shown in Table 2. There
was a significant difference between the two categories (P<0.014) in
terms of resistance to any drug. However, there was no significant
difference between new and previously treated patients in relation to
one drug resistant (P=0.4), the majority were resistant to EMB, SM
and INH. Meanwhile, there was significant different in relation to two
drug resistant (P<0.005) nor MDR. None of newly treated cases had
isolates resistant to three-drugs. Nine (20.5%) of the MDR isolates
were found only in previously treated patients.

Resistance pattern No. of resistant isolates (%)

Resistance to any drug 63 (24.1)

One drug resistance  

INH 10 (3.8)

RIF 4 (1.5)

SM 14 (5.4)

EMB 19 (7.3)

total 47 (18.0)

Two drug resistance  

INH+RIF 4 (1.5)

INH+SM 1 (0.4)

INH+ EMB 2 (0.8)

SM+EMB 2 (0.8)

RIF+SM 1 (0.4)

total 10 (3.8)

Three drug resistance  

INH+RIF+EMB 1 (0.4)

INH+RIF+ SM 4 (1.5)

INH+SM+EMB 1 (0.4)

total 6 (2.3)

MDR* 9 (3.4)

Table 1: Drug resistant patterns to four anti-tuberculosis drugs. *MDR:
Multi-drug resistant: resistance to both INH and RIF with or without
resistance to other drugs

Resistance pattern
No. of new
untreated
patients (%)

No. of
previously
treated patient
(%)

P value

resistance to one drug or
more 46 (21.2) 17 (38.6) <0.014

One drug resistance 41 (18.9) 6 (13.6) 0.4

Two drug resistance 5 (2.3) 5 (11.4) <0.005
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Three drug resistance 0 6 (13.6) <0.0000001

Multidrug-resistance 0 9 (20.5) <0.0000001

Table 2: Comparison of drug resistant pattern among new untreated
patients and previously treated patients

Discussion
The emergence of MDR-TB poses an important challenge for

tuberculosis treatment and control programs [6]. Strengthening the
surveillance and analysis of local rates of TB drug resistance can be
helpful in the detection and monitoring the effectiveness of
tuberculosis programs worldwide. In Libya, like many developing
countries, no national study has been conducted to evaluate the
current status of MDR-TB. Therefore, this study was undertaken to
determine the resistance pattern of MTB isolates among patients with
pulmonary tuberculosis in Tripoli.

In this study, 24.1% of all isolates of MTB were found resistant to
one or more of the first-line drugs, of these 46 (21.2%) isolates were
detected among new untreated patients, and 38.6% isolates among
previously treated patients. Overall, the tested isolates showed
different resistance patterns to four drugs as following: 8.8% to INH;
5.7% to RIF; 8.8% to SM; and 9.0% to EMB, rifampicin was the lowest
detected resistant to the studied first-line antibiotics. These results
differ from studies carried out in other developing countries. In
Pakistan, drug resistance to any drug was high 71.9%. Meanwhile,
resistance to first-line drugs was reported to INH, RMP, SM, EMB
were 51.2%, 15.4%, 3.9%, and 13.3% respectively [7]. Yeboah-Manu et
al. [8] from Ghana showed that the pattern of drug resistance was
detected in 38.8% of the tested isolates and resistance to INH was
14.9%, to RIF was 6.6%, to SM was 31.4% and to EMB was 3.3% [8].
Similarly, Ndungu et al. [9] reported that drug resistance to all drugs
tested were 30.1% in Kenya, and resistance to INH, RMP, SM and
EMB were 30.2%, 1.4%, 11.6% and 4.5 % respectively [9]. All these
studies may reflect the variation in the studied population and the
commitment of regional TB program.

The early detection of resistance to first-line anti-TB agents is
essential for the efficient treatment and control of MDR-TB strains. In
this study, resistance of MTB to one drug was detected in 18.0% cases,
15.7% of which were from new untreated patients. The highest rate of
one drug resistance was observed in EMB (7.3%), followed by (5.4%)
to SM, (3.8%) to INH, and (1.5%) to RIF of all strains. Mono-
resistance to streptomycin (14.9%) was found to be the highest
proportion among first-line anti-TB drugs RIF and INH, which is
consistent with WHO global surveillance report [10] as well as in other
studies conducted in Denmark, Turkey, India and Ethiopia [11-14]. In
addition, 3.8% and 2.3% cases had resistance to two and three-drugs
respectively. RIF was found the lowest detected resistance and
associated with two drug resistance and three-drug resistance. In this
study, as is the case worldwide, the vast majority of MTB RIF-resistant
strains are also INH-resistant.

The comparison of the resistance patterns in new untreated cases
and previously treated cases has been studied worldwide [15-17]. Of
the total 261 cases, 217 were obtained from new untreated patients,
and 44 were previously treated patients. There was a significant
difference between the two categories (P<0.014) in terms of resistance
to any drug. Interestingly, there was no significant different between
new and previously treated patients in relation to one drug resistant

(P=0.4). On the other hand, there was significant different in relation
to two drug resistant (P=0.005). None of newly untreated cases had
isolates resistant to three-drugs nor MDR. Resistance against two and
three-drugs was significantly higher in previous treated patients than
in new untreated patients. This mode of resistance may be difficult to
treat and often result in treatment failure [18].

The weighted rates of resistance in the world population are
estimated among new cases at 17% for any resistance and 2.9% for
MDR-TB, and among previously treated cases at 35% for any
resistance and 15.3% for MDR-TB [19]. Our results remain well below
the rates reported in Thailand, Vietnam and China [20-22].

MDR involving INH and RIF was found low, only in 9 (3.4%)
isolates belonged to previously treated patients (acquired drug
resistance). Two of the cases were foreign-borne patients (Sudanese),
where the incidence of TB is high [1]. In addition, the majority 5/9 of
the isolates were designated three-drug resistant. The relationship
between history of receiving anti-TB treatment and MDR has been
clearly described in several studies [3,9,23,24]. Surprisingly, our study
noted that MDR-TB prevalence is significantly higher in male patients
(6/9) which are consistent with a recent report by Abate et al. [24]. A
recent report by the WHO revealed that drug resistance was present
globally, and that MDR-TB ranged from 0% to 28.3% in new untreated
cases and 0% to 61% in previously treated cases. 15 of the 27 countries
with the highest burden of MDR tuberculosis are in WHO European
region [2,10]. According to WHO report (2010), only 8/21 of the
eastern Mediterranean region countries report continuously first-line
anti-TB drug resistance [2]. In Libya, compulsory screening measures
of all foreign-borne workers focused on the identification of active
tuberculosis cases is strongly implemented. Several countries with a
low incidence of tuberculosis use pre-entry screening of immigrants to
detect the disease [25-28]. In our retrospective study, the following
limitations are noted: no data was available from previously treated
patients (failed or relapsed after the standard regimen); the method
used for DST was different from the ones used in other studies; and
the HIV status of the patients was unknown. Furthermore, although
NCDC is the major referral TB centre in Libya, the patient sampling is
small and does not represent the whole country.

In conclusion, although the findings of a low burden of drug
resistance to first-line TB drugs and low MDR as compared to other
parts of the world is encouraging. Nevertheless, further studies are
required including different geographic locations of the country that
should be receiving support from the national TB control program. It
would appear that monitoring of drug resistance should be enhanced
by periodic surveys to assess trends of antibiotic-resistant patterns, and
to prevent transmission of MDR-TB and progression of active disease.
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