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Abstract

Background: Multidrug resistant tuberculosis (MDR-TB) has remained an important public health problem
in developing world. We conducted this study to determine risk factors associated with MDR-TB and drug
susceptibility pattern to second line drug among MDR TB patients in Tanzania.

Methods: From July to November 2014, Unmatched case control study was conducted at Kibong’oto
Infectious Diseases Hospital in Tanzania. A case was defined as any patient whose sputum yielded
Mycobacterium tuberculosis that were resistance to at least rifampin (RFP) and isoniazid (INH) whereas
control was defined as those sensitive to rifampin (RFP) + isoniazid (INH). One morning sputum sample
was collected from each study participant and cultured on Lowenstein-Jensen (LJ) media for M.
tuberculosis. Drug susceptibility testing of isolated M. tuberculosis was done for rifampicin, isoniazid,
kanamycin and ofloxacin. A semi-structured questionnaire was used to collect socio-demographic and risk
factors information for MDR-TB.

Results: A total of 102 cases and 102 controls were enrolled. The predominant age group was 31- 40 years,
of whom cases and controls accounted for 38 (37.3%) and 35 (34.3%) of study participants, respectively.
Majority of participants (69% cases and 71% control) were males and self-employed (62.7% cases and 84.4%
controls). More than half (52%) and approximately a quarter (24.5%) of cases and control had HIV infection,
respectively. About two-thirds of cases (62.7%) were cigarette smokers where by cigarette smoking was
reported in 42.2% of controls. Previous history of TB treatment accounted for approximately three quarter
(72.5%) and only 24.5% of cases and controls, respectively. Risk factors independently associated with MDR-
TB were previous history of treatment with first line anti-TB (OR= 3.3, 95% Cl 1.7-6.3), smoking (OR=1.9, 95%
Cl1.0-3.5), contact with TB case (OR=2.7, 95% Cl 1.4-5.1) and history of TB. All MDR TB isolates were sensitive
to kanamycin and ofloxacin.

Conclusion: MDR-TB among patients referred to Kibong’oto Infectious Diseases Hospital is associated with
previous history of TB contact, smoking habit, and contact with TB case. All MDR TB isolates were sensitive
to the tested second line drugs, Kanamycin and Ofloxacin.
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Introduction

Tuberculosis (TB), an inhalational infectious disease caused by Mycobacterium tuberculosis is still
a global health problem (WHO, 2015). Its control has been jeopardized by emergence of drug
resistant (DR) M. tuberculosis strains and Human Immunodeficiency Virus (HIV) infection with or
without Acquired Immunodeficiency Syndrome (AIDS) (Andrews et al., 2010). Multi-Drug
resistance TB (MDR-TB), defined as resistance to at least rifampicin and isoniazid the two key first
line drugs used to treat drug susceptible TB in combination with other first line drugs
(pyrazinamide, ethambutol, streptomycin) has emerged as a global threat (WHO, 2014, 2015) and
thus, calling for use of second line drugs (SLD) that include kanamycin, capromycin, levofloxacin,
cycloserine and ethionamide. However, these drugs are toxic and yet less effective and hence,
encouraging prolonged treatment duration for a minimum of 20 months (WHO, 2014).
Emergence of M. tuberculosis resistant strains to anti-TB drugs may develop either through
spontaneous chromosomal mutation in specific gene targets or following inappropriate use of
anti-TB drugs, resulting to selection pressure and inadequate drug exposure (WHO, 2014).
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Globally, the prevalence of MDR TB in new and previously treated TB cases is 3.5% and
20.5%, respectively, with Sub-Saharan Africa (SSA) contributing the highest proportion (WHO,
2015). In Tanzania, the National TB drug surveillance of 2006 found that, the prevalence of MDR
TB in new and previously treated cases were 1.1 % and 3.9%, respectively (Chonde et dl., 2010).
MDR-TB has been described as a man-made problem resulting from the use of inadequate drug
regimen that selects drug resistant tubercle bacilli, with several factors being linked to propagate
its emergence (Andrew et al., 2010; El Mahalli & Al-Qahtani, 2015; WHO, 2014, 2015). For example,
previous history of TB treatment has been documented as an important risk factor that predicts
emergence of MDR-TB (Andrews et al., 2010). In addition, poor patient adherent to anti-TB
treatment (WHO, 2006), HIV infection, young age, life style such as smoking, illicit drug use and
imprisonment (Andrew et al., 2010; El Mahalli & AL-Qahtani, 2015) have also been reported to
predict emergence of MDR-TB. Nevertheless, these factors have been inadequately studied in
Tanzania.

Drug resistance TB (DR-TB such as MDR-TB, XDR-TB) is a laboratory diagnosis that is
confirmed either by first isolating M. tuberculosis on conventional culture followed by drug
susceptibility testing (WHO, 2015) or molecular diagnostic test such as GenoTypeMTBDRplus
(HainLifescience GmbH, Nehren, Germany) or Cepheid GeneXpert MTB/RIF (Cepheid, Sunnyvale,
CA) that detects mutation in specific M. tuberculosis gene targets conferring resistance to anti-TB
drugs (first or second line drugs) (Bohme et al., 2011; Ao et al., 2012; Steingart et al., 2014). Most
laboratories in resource limited countries like Tanzania have access to drug susceptibility testing
(DST) for first line drugs (Streptomycin, Isoniazid, Rifampicin and Ethambutol abbreviated as
SIRE) only. In Tanzania, despite the paucity information regarding second line drug susceptibility
profile, patients confirmed to harbour M. tuberculosis resistant strains to Rifampicin with or
without Isoniazid (MDR TB), are empirically treated using a standardized second line regimen
(WHO, 2013). This subjects patients to toxic and yet less effective drugs for prolonged period of
time as a result, poor adherence to treatment ensue and hence, creating good environment for
emergence of more severe form of DR TB like XDR-TB (WHO, 2014).We hypothesized that
understanding risk factors for developing MDR-TB and treating with appropriate anti-TB drugs is
critical in designing intervention strategies that are best suited towards TB control in Tanzania.
Therefore, this study was conducted to determine risk factors associated with MDR-TB and drug
susceptibility pattern to second line drug among patients with MDR TB in Tanzania.

Materials and Methods

Study area and design

This unmatched case control study design was conducted from July to November 2014 at
Kibong’oto Infectious Diseases Hospital (KIDH) in northern Tanzania. KIDH is a centre of
excellence for MDR TB management in the country, with bed capacity of 340 and receives all
MDR-TB patients for care and treatment from all parts of Tanzania.

Study population and sampling method

A total of 102 cases defined as patients with MDR-TB (resistant to at least Rifampicin and
isoniazid) and 102 controls defined as patients with susceptible TB (having M. tuberculosis that is
susceptible to all first line drugs, SIRE) confirmed either by conventional culture and DST or
molecular test such as GeneXpert MTB/RIf assay, Line Probe Assay (MTBDRplus HainLifescicnce)
using existing protocols, were recruited to participate in the study. Before enrolment, cases and
controls were obtained using simple random sampling method from a hospital list. Different
numbers were assigned followed by generating random numbers on Open Epi Random Program
for cases and controls. Random numbers corresponding to either case or control were picked by
the open Epi and enrolled in the study.
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Data collection

Information regarding socio-demographic characteristics such as age, sex, and marital status, and
clinical information such as previous history of TB treatment, HIV status and risk factors including
smoking, use of illicit drug, history of being prisoned, and alcohol intake was obtained using a
pretested standardized structured questionnaire.

Laboratory Investigation

At least 3-5 ml of one morning quality sputum sample was collected in a 5oml falcon tube from all
participants. Quality sputum was indicated by the presence of mucoid or mucopulurent material,
sufficient volume and absence of either saliva or food particles. Participant’s particulars were
verified before sputum sample was delivered to the Laboratory. Sputum sample was stored at 2-
8°C for 24 hours before properly packed and transported under stable temperature condition to
Central Referral Tuberculosis Laboratory (CRTL) for culture and Drug susceptibility testing (DST)
using standards protocol as provided by CRTL. At CTRL, fresh digestant was prepared by adding
equal amounts of 4% NaOH and 2.9% sodium citrate, followed by 0.5 g NALC powder per 100 mL
of sodium hydroxide-sodium citrate solution. The NaOH-NALC solution was then added in equal
volume to sputum sample collected in a 50 mL plastic centrifuge tube, mixed well and left to
stand for 20 minutes. Phosphate buffer at pH 6.8 was then added up to 50 ml mark and the
sample was concentrated by centrifugation at 3000 g for 15 minutes. The supernatant was
discarded and deposits were inoculated on both pyruvate and glycerol containing Léwenstein-
Jensen (LJ) media slants. In parallel, a standard laboratory strain, M. tuberculosis (ATCC H37Rv)
and un-inoculated LJ media for sterility and for growth as positive and negative control. All LJ
slants were incubated at 37°C for up to 8 weeks before declared culture negative. All positive
culture slopes were assessed for M. tuberculosis growth rate, colony morphology, pigment
production and smear microscopy for acid fast bacilli.

Susceptibility testing for kanamycin and ofloxacin was performed on M. tuberculosis
isolates that shown resistance to isoniazid and rifampicin (MDR-TB cases) using predefined
standard operating procedure for proportion method at CTRL. An isolate was considered
sensitive if there was no growth or presence of less than 1% of colonies growing as compared to
the drug free controls isolate. Details of the culture and DST procedures as well as quality
considerations have been previously described by Matee et al. (2008).

Data analysis

Data were coded, entered, cleaned and analysed using Epi-Info version 3.5 Statistical software.
Descriptive analysis was done by running frequencies, creating 10-interval age groups and
quartiles of study variables. The respondents were categorized into cases (MDR-TB) and controls
(susceptible TB). Odds ratio was used to measure the strength of association between outcome
and exposure (risk factors) at 95% confidence interval. Risk factor variables with p<0.05 was
considered as having significant association with MDR-TB. All factors with p<o0.2 at bivariate
analysis were entered into unconditional logistic regression model to generate independent
factors associated with development of MDR-TB.

Ethical consideration

Approval and clearance was obtained from Muhimbili University of Health and Allied Sciences
Research and Publications Committee. All study participants gave a written informed consent
before they were enrolled into the study. Information obtained was treated with confidentiality
that only researchers had access to filled questionnaire and electronic data. All Patients with
MDR-TB (cases) were treated according to existing National MDR-TB treatment guidelines at
KIDH.
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Results

Socio demographic and clinical characteristics of study participants

A total of 102 cases and 102 controls were recruited, with males accounting for over two third of
either cases or controls. Majority of study participants were in the age group of 31- 40 years, of
whom 38 (37.3%) and 35(34.3%) were cases and controls, respectively. More than half (53; 52%)
and approximately a quarter (25; 24.5%) of cases and control had HIV infection, respectively.
About two-thirds (62.7%) of cases and 42.2% of controls were cigarette smokers. Previous history of TB
treatment accounted for 72.5% of cases (Table 1).

Table 1: Socio-demographic characteristics and clinical information of cases and controls

Characteristics Response Case (N=102) Control (N=102)
Number Percent Number Percent
Sex Female 31 30.4 30 20.4
Male 71 69.6 72 70.6
Age group (years) 0-20 10 9.8 8 7-9
21-30 17 16.7 14 13.7
31-40 38 37.3 35 34.3
41-50 20 19.6 28 27.5
51-60 10 9.8 11 10.8
>60 7 6.9 6 5.9
Education None 16 15.7 19 18.6
Primary 57 55.9 72 70.6
Secondary 25 24.5 1 10.8
Tertiary 4 3.9 0 0
Marital status Cohabiting 3 2.9 4 3.9
Divorce 7 6.9 3 2.9
Married 45 4441 53 52.0
Separated 6 5.9 9 8.8
Single 37 36.3 28 27.5
Widowed 4 3.9 3 2.9
Employment status Employed 20 19.6 10 9.8
Not employed 12 1.8 5 4.9
Self employed 64 62.7 83 81.4
Students 5 4.9 4 3.9
HIV status Positive 53 52.0 25 24.5
negative 49 48.0 77 75.5
History of smoking Yes 64 62.7 43 42.2
No 38 373 59 57.8
Contact with TB case Yes 53 52.0 25 24.5
No 49 48.0 77 75-5
History of TB treatment Yes 74 72.5 25 24.5
No 28 27.5 77 75-5

Risk factors associated with MDR-TB and second line drug susceptibility testing

Crude Odds ratios showed that patients with previous history of treatment with first line anti-TB
drugs (OR=8.1, 95% Cl 4.3-15.2), smoking (OR=2.3, 95% Cl 1.2-4.2), larger family size (>5 members)
(OR=2.1, 95% Cl 1.1), HIV infection (OR =8.1, 95%, Cl 1.8-36.7) and imprisonment (OR=4.4, 95%, Cl 2.1-
9.3) were risk factors associated with developing MDR TB (Table 2). When confounders were
controlled, previous history of treatment with first line anti-TB drugs (OR= 3.3, 95% Cl 1.7-6.3),
smoking (OR=1.9, 95% Cl 1.0-3.5), contact with TB case (OR=2.7, 95% Cl 1.4-5.1) and history of TB
treatment were the independent factors associated with MDR TB (Table 2). All MDR TB isolates
were sensitive to second line drugs (kanamycin and ofloxacin).
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Table 2: Risk factors associated with MDR-TB

Variable Response Cases N=102 Controls N=102 cOR*(95%Cl) aOR2(95%Cl)
n (%) n (%)

Ever smoked Yes 64(52.0) 43(53.1) 1 1

No 38(46.9) 59(48.0) 2.3(1.2-4.2) 1.9(1.0-3.5)
History of imprisonment ~ Yes 43(42%) 14(13%) 1 1

No 59(57.8%) 85(83%) 4.4(2.1-9.3) 1.5(0.7-3.4)
Take alcohol Yes 46(46.0) 54(54.0) 1

No 56(53.8) 48(46.2) 0.7(0.4-1.33)
Drug addicted Yes 9(40.9) 13(59.1) 1

No 93(51.7) 87(48.3) 0.6(0.2-1.5)
Contact with TB case Yes 53 25 1 1

No 49 77 3.3(1.7-6.3) 2.7(1.4-5.1)
Positive Positive 97 89 1 1
Negative Negative 2 15 8.1(1.8-36.7) 1.7(0.9-1.2)
Ever being in refugee Yes 7(53.8) 6(46.2) 1 1
camp
No No 95(50.8) 92(49.2) 1.12(0.3-3.4) 0.3(0.08-1.3)
TB disease type Pulmonary 100(51) 94(48) 1 1

Extra-pulmonary 2(20) 8(80) 4.2(0.8-29.8) 6.5(1.2-35.2)
Size of family >5 Yes 50(49.0) 32(31.3)

No 52(50.9) 70(68.6) 2.1(1.1-3.8) 1.7(0.9-1.2)
History of treatment Yes 74(74.7) 25(25.3)

No 28(26.7) 77(73-3) 8.1(4.3-15.2)

Key: *cOR, odds ratio, *aOR, adjusted odds ratio, Cl, confidence interval

Discussion

In this study a number of factors were significantly associated with the occurrence of MDR-TB.
We found that, history of previous TB treatment was the strongest independent risk factor
associated with MDR-TB, which is in line with findings from other studies (Barroso et al., 2003;
Zignol et al., 2006; Marahatta et al., 2010; Chiang et al., 2007; Andrews et al., 2010; El Mahalli & AL-
Qahtani, 2015). This imply that the usual practice of re-treating TB patient with first-line anti-TB
drugs without DST results is not an effective approach and may contribute to the persistence and
continued spread MDR-TB strains in the community. This hypothesis is supported by the fact that
MDR-TB cases were 3.3 more likely to have previous contact history with a TB patient than
controls. Similar findings have been reported elsewhere (Barroso et al., 2003). We also found
that the odds of developing MDR-TB among smokers was 2.3 times higher compared with non-
smokers, which is also in line with the findings of others studies that showed cigarette smoking
to have an increased risk of developing MDR TB (Barroso et al., 2003; Chiang et al., 2007;
Marahatta et al., 2010). Having a larger size of family was associated with an increased likelihood
of developing MDR-TB, indicating possibility of intra-familial transmission of resistant strains.
Previous studies have reported that overcrowding, poor housing, and poor ventilation are factors
that supports transmission of tuberculosis, including MDR-TB (Marahatta et al., 2010; Liang et al.,
2012).

In the current study being HIV infection was not independently associated with MDR-TB,
similar to a previous study conducted in Tanzania (NTLP, 2013) and in other parts of the world
(Churchyard et al., 2000; Barroso et al., 2003; Marahatta et al., 2010; Andrews et al., 2010; Liang et
al., 2012; El Mahalli & AL-Qahtani, 2015). This finding is however deviates from other studies that
have found association between HIV infection and MDR-TB (Andrews et al. 2010). The difference
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is likely to have been attributed to variation in HIV prevalence between our study and other
studies. In addition, a study by Andrews et al. (2010) was conducted in population with high HIV
and MDR-TB prevalence as well. Already, some studies have shown that drug-resistant TB risk
factors are likely to differ in settings with low and high prevalence of HIV and MDR-TB (Escombe
et al., 2008; Dean et al. 2014). So whether HIV infection per se increases the risk of drug resistance
remains unclear, especially during this era of universal access to antiretroviral therapy and
prophylaxis to infectious diseases.

Interestingly, none of the MDR-TB isolates was resistant to second line drugs tested
(kanamycin and ofloxacin). This finding is in agreement to the fact that, since 2009 when
Tanzania started implementing MDR TB management, there has been only one extensive drug-
resistant TB (XDR TB) case reported in the country (R.M. Kisonga, per comm), and even the most
recent study has shown low levels of MDR and XDR TB among TB patients in Tanzania (Nagu et
al., 2015). However, the government of Tanzania should continuously be vigilant in surveillance
for possible emergence of XDR TB strains.

This study has some limitations which include the fact that CD4 counts were not
performed for the HIV-infected individuals to determine extent of immune suppression and that
the risk factors and drug-resistance were measured at the same time, which may not provide a
temporal association.

Using these findings, we can conclude that, previous history of TB treatment, smoking
habit and history of contact with TB case were the risk factors associated with MDR-TB in
patients referred to Kibong’oto Infectious Diseases Hospital. Therefore, these factors particularly
smoking, which is rarely emphasized in TB control strategies should be considered when
formulating TB control policy to monitor patients with drug resistance TB. In addition, further
studies should investigate mechanisms of how these predictors affect drug resistance.
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