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  Abstract 
Drug susceptibility testing (DST) plays a pivotal role in TB patients’ management 
leading to the selection of most effective drugs. This study aimed to determine resis-
tance patterns to first line anti-TB drugs in Mycobacterium tuberculosis isolates from 
re-treated patients from Sudan. A total of 239 sputum specimens were collected from 
smear positive re-treatment TB patients during the period from July 2009 to July 
2010. Specimens were pre-treated according to Petroff method. The recovered iso-
lates were tested for sensitivity to first line anti-TB drugs by the 1% proportion me-
thod. One hundred and forty three (143/239, 59.8%) mycobacterial isolates were 
successfully recovered. The majority (98.6%, 141/143) of the isolates were Mycobac-
terium tuberculosis complex strains. Two strains (2/143, 1.4%) were identified as 
RIF/INH-resistant MOTT, while fifty four isolates (38.3%, 54/141) were MDR. Multi- 
drug resistant Mycobacterium tuberculosis complex (MDR-TB) among re-treatment 
patients from national referral centers for tuberculosis diagnosis and management 
was considerably high in the study isolates. 
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1. Introduction 

Exposure to anti-tuberculosis drugs is an important risk factor for developing drug re-
sistant TB [1]. Drug resistance is a growing burden; it has increased since the first drug 
treatment for TB was introduced in 1943 [2]. Recent years have witnessed worldwide 

Open Access

http://www.scirp.org/journal/jtr
http://dx.doi.org/10.4236/jtr.2016.43012
http://www.scirp.org
http://dx.doi.org/10.4236/jtr.2016.43012
http://creativecommons.org/licenses/by/4.0/


M. A. M. Adam et al. 
 

99 

emergence of multi-drug resistant TB (MDR-TB). MDR-TB is defined as resistance to 
at least rifampicin and isoniazid [3]. The prevalence of MDR-TB in retreatment cases is 
(30% to 80%), countrywide [4]. When first line drugs fail, second line drugs are used to 
treat MDR-TB, they are less effective, more toxic and expensive. Improper use of these 
drugs has fuelled the generation and subsequent emergence of highly resistant strains of 
TB termed extensively drug resistant tuberculosis, or (XDR-TB). XDR-TB is defined as 
MDR-TB with additional resistance to any fluoroquinolone and to at least one of three 
injectable drugs used for TB treatment: capreomycin, kanamycin, or amikacin [5] [6]. 

Sudan carries 8% of the estimated TB burden in the Eastern Mediterranean Region, 
EMRO. In 2011, the estimated incidence of TB cases was 117 per 100,000 individuals 
(95% CI: 98 - 142), translating to 39,760 TB cases annually [7]. But, the true magnitude 
is not clear. In 2012 National Tuberculosis Control Program (NTP) of Sudan reported 
19% MDR in re-treatment cases and 1.8% in new cases. MDR-TB in Sudan was 5% in 
new cases and 24% in previously treated patients as reported by Sharaf Eldin and col-
leagues in 2011 [8]. While another study from Northeastern part of Sudan reported 6% 
MDR in new cases [9]. 

2. Materials and Methods 
2.1. Study Specimens’ Origin 

Smear positive sputum specimens were collected during the period from July 2009 to 
July 2010. Specimens were collected from national referral centers for Tuberculosis di-
agnosis and management in Abu Anja Specialized TB Hospital, Academic Hospital and 
the National Public Health Laboratory; Greater Khartoum, Sudan. 

2.2. Study Subjects 

Sputa included were from smear positive retreatment TB cases, treatment failures, re-
turn after default and relapsed patients based on their willingness to participate in the 
study. New cases of TB and smear negative retreatment TB cases were excluded.  

2.3. Study Design 

This is a prospective, cross-sectional and hospital-based study. 

2.4. Isolation of Mycobacteria 

Lowenstein-Jensen medium (L. J.) containing glycerol and Lowenstein-Jensen supple-
mented with pyruvate were used for isolation of mycobacteria from sputum specimens. 
Petroff method for decontamination (4% NaOH for 20 minutes) was used to homo-
genize and decontaminate specimens. All cultures were incubated in slope position for 
three days with loosen caps to evaporate the excess fluid then caps were closed tightly to 
prevent drying of media, placed on upright position. Re-examination was taken at first 
week to detect rapid growers and every week to detect slow growers up to eight weeks. 
The result was recorded as negative if no growth appeared, and recorded as positive 
when it gives growth. 
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2.5. Identification of Mycobacteria 

Isolates were firstly identified according to their reaction with ZN staining method, 
growth rate, colonial morphology and pigment production and by their susceptibility to 
Para nitro benzoic acid (PNB). 

2.6. Data Collection Methods 

A questionnaire was designed for patient’s data and a register for laboratory data. The 
questionnaire included information about: sex, age, history of treatment, and visual 
appearance of sputum. 

2.7. Drug Susceptibility Test (DST) 

DST was performed following the standard proportion method. First line Anti-TB 
drugs were added to reach different critical concentrations as follows: Rifampicin (RIF), 
40.0 μg/ml; Isoniazid (INH), 0.2 μg/ml; Ethambutol (ETH), 2.0 μg/ml and Streptomy-
cin (STM), 4.0 μg/ml [10]; an amount of 0.1 ml of 10−4 bacillary suspension were in-
oculated onto two slopes of L. J (drug free) medium as control 2, same amount of 10−2 
bacillary suspension was also inoculated onto two slopes of L. J (drug free) media as 
control 1; and two slopes of L. J (drug containing) media were inoculated. Cultures 
were examined after six weeks and considered sensitive if the percentages of colonies 
on drug containing media were less than 1% compared with control 2 and considered 
resistant if the proportion of growth was equal or greater than 1%.  

3. Results 

3.1. Demographic Data 

Two out of the enrolled cases (0.8%, 2/239) were from patients under 15 years of age, 
while the rest (99.2%, 237/239) were >15 years of age. Return after Default were 50.6% 
(121/239); relapsed were 26.4% (63/239), while the treatment failures were 23% 
(55/239). Relapsed cases were of an age that is significantly higher that of the return af-
ter default and the treatment failures (p < 0.001), while return after default and treat-
ment failures have similar mean ages (p = 0.7). The overall male female ratio was 3:1, 
but the balance is completely tipped towards males in the return after default group 
where ratio was 5:1. 

3.2. Sputa Collection Sites Isolates Types and Growth Behavior 

The majority of specimens came from the National Public Health Laboratory (45.2%, 
108/239). Comparable numbers came from Abu Anja (29.3%, 70/239) and The Aca-
demic Hospitals (25.5%, 61/239). More than half (59.8%, 143/239) of the isolates were 
successfully recovered, while 40.2% (96/239) failed to grow. The majority of the isolates 
(98.6%, 141/239) were identified as Mycobacterium tuberculosis complex, while a small 
percentage (1.4%, 2/143) were identified as Mycobacteria Other Than Tuberculosis 
(MOTT).  



M. A. M. Adam et al. 
 

101 

3.3. Drug Resistance Patterns (Table 1 and Table 2) 

The frequency of MDR was equal to pan-susceptible isolates at 38.3% (54/141). Mono 
and poly-resistance trails were 17% (24/141) and 6.4% (9/141) respectively. Isoniazid- 
Streptomycin combination was the most prevalent poly-resistant pattern with a frequency 
of 4.3% (6/141). Streptomycin was the most prevalent mono-resistant drug with a fre-
quency of 12% (17/141). Both MOTT isolates were shown to be pan-resistant. MDR-TB 
 
Table 1. Patterns of resistance to first line anti-TB drugs. 

Drug resistance pattern No of patients Frequency % + 

Pan-susceptible 54 38.3 

MDR 54 38.3 

RHSE 18 12.8 

RHS 14 9.9 

RHE 14 9.9 

RH 8 5.8 

Poly resistance 9 6.4 

RSE 1 7 

HSE 2 1.4 

HS 6 4.2 

Mono resistance 24 17 

R 2 1.4 

H 3 2.1 

S 17 12 

E 2 1.4 

Total 141 100% 

R = Rifampicin; H = Isoniazid; S = Streptomycin; E = Ethambutol. 
 
Table 2. Patterns of resistance to first line anti-TB drugs in different patients’ categories. 

Patients’ 
Categories 

Resistance pattern 

MDR Poly resistance 
Mono  

resistance 
Pan-susceptible Total 

Treatment      

Failures 27 3 2 4 36 

      

Return after 
Default 

15 4 15 37 71 

      

Relapsed 12 2 7 13 34 

      

Total 54 9 24 54 141 
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isolates were significantly more abundant among patients who failed treatment (75%, 
27/36) compared to pan-susceptible and mono/poly-resistant isolates. Most returnees 
after default (37/71, 52.1%) were pan-susceptible. 

4. Discussion 

Age groups and genders affected by TB did not change over time as is shown by our 
findings [11] [12]. MDR is more in males compared to female. The highest proportion 
of patients was in the 25 - 44-year in agreement with previous reports [12] [13]. It is not 
surprising that the culture recovery rate was low in this study; this may be due to the 
fact that patients were treated before with a rifampicin-containing regimen where sputa 
become culture-negative by the third week of treatment. In addition, loss of viability or 
death of micro-organisms after storage for long periods of time in fridge and subse-
quent subculture probably resulted from heat and/or cold shock this has been reported 
previously [14]-[16]. 

MOTT was reported at a low rate in specimens as expected, this bacteria originates 
from the soil and water and infects patients with chronic pulmonary disease (e.g. cystic 
fibrosis) or immune-compromized patients (e.g. chronic granulomatous disease). HIV 
sero-status for patients with MOTT infection was not known, one of them is a farmer 
and the other is a merchant in a dusty market [17]-[19].  

MDR-TB is a man made phenomenon with previous history of receiving treatment 
as a main factor [1] [2]. As expected our findings showed that MDR is at its highest in 
treatment failures followed by relapses and return after default. But, this may reflect re-
ferral or the selection bias of hospital-based studies similar to results from other coun-
tries in the region [20] [21]. In addition the isolates were collected at time when second 
line treatment was not started and MDR patients accumulated. 

The wide and the long term use of streptomycin (SM) and isoniazid (INH) (since 
1947/1952) was clearly reflected on the high proportion of mono and poly-resistance 
seen in our cohort in agreement with previous reports [15] [21]-[24]. Streptomycin use 
was stopped few months ago by the Sudan National TB Control Program. The low le-
vels of Rifampicin (RIF) mono-resistance among our cohort clearly indicates that RIF 
mono-resistance is rare, as well as resistance to INH. Hence, a positive result for RIF’s 
resistance could be a useful surrogate marker of MDR-TB as reported previously [19] 
[25] [26]. 

5. Conclusion 

In conclusion, Multi-drug resistant Mycobacterium tuberculosis complex (MDR-TB) 
among re-treatment patients from national referral centers for tuberculosis diagnosis 
and management was considerably high in the study isolates. 
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