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A B S T R A C T

Multidrug-resistant tuberculosis (MDR-TB) is caused byM. tuberculosis (Mtb) with resistance to the first-line anti-
TB medicines isoniazid (INH) and rifampicin (RIF). In Western Kenya, there is reported low prevalence of drug
resistant strains among HIV tuberculosis patients, creating a need to determine factors associated with drug
resistance patterns among presumptive MDR-TB patients. To determine factors associated with drug resistance
patterns among presumptive MDR-TB patients in western Kenya. Three hundred and ninety (390) sputum
sample isolates from among presumptive multidrug TB patients, were analyzed for TB drug resistance as per
Ministry of Health (MoH) TB program diagnostic algorithm. Frequency and percentages were used to summarize
categorical data while median and interquartile range (IQR) were used for continuous data. Multivariable logistic
regression was carried out to identify factors associated with TB drug resistance. Out of 390 participants enrolled,
302/390 (77.4 %) were males, with a median age of 34 years. The HIV-infected were 118/390 (30.3 %). Samples
included 322 (82.6 %) from presumptive patients, while 68/390 (17.4 %) were either lost to follow-up patients,
failures to first-line treatment or newly diagnosed cases. A total of 64/390 (16.4 %) of the isolates had at least
some form of drug resistance. Out of 390, 14/390 (3.6 %) had MDR, 12 (3.1 %) were RIF mono-resistance, 34
(8.7 %) had INH, while 4 (1 %) had ethambutol resistance. The category of previously treated patients (those
who received or are currently on TB treatment) had a 70 % reduced likelihood of resistance (aOR: 0.30; 95 % CI:
0.13–0.70). In contrast, older age was associated with an increased likelihood of resistance to INH and RIF, with
an adjusted odds ratio of 1.04 per year (95 % CI: 1.00–1.08). Prompt MDR-TB diagnosis is essential for
appropriate patient care, management, and disease prevention and control. We recommend active surveillance
on drug resistant TB in these regions to detect drug resistance patterns for rapid disease management.

1. Introduction

Tuberculosis (TB) an infectious disease, is both curable and prevent-
able, but continues to wreak havoc as a public health threat, thus second
leading global mortality cause, after COVID-19, but twice as much deaths
as HIV/AIDS [61]). In 2022, the WHO said that 10.6 million people
became ill of TB, 7.5 million were newly diagnosed of TB while 450,000
developed MDR-TB, however, unfortunately, 1.30 million died from TB.
Tuberculosis is primarily a disease of the lungs, caused by very closely

related mycobacteria belonging to the Mycobacterium tuberculosis
complex (MTBc) [7]. The presence of the drug-resistant gene in M.
tuberculosis is the major challenge of controlling TB [24]. Bacteria
resistant to isoniazid (INH) and RIF, the 2 most effective first-line anti-TB
drugs[73], has been an increasing challenge to global TB control in recent
years[43,20]. Recent reports indicate that TB is still the most common
cause of death from a single infectious pathogen[10].

Despite the global TB control interventions, it continues to be a
public health concern and is currently ranked among the top three killer
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infectious diseases worldwide [47]. Among the TB and human immu-
nodeficiency virus (HIV) co-infected patients, a high mortality of TB
disease was predominantly observed [72]potentially since both diseases
poses a lethal combination, towards each other’s progress[49]. Unfor-
tunately, HIV co-infection with MDR-TB did not get key attention until
recently in East Africa, where the TB prevalence and risk factors are
highest [63]. While TB is curable [70], patients with MDR-TB are
practically challenging to treat by standard first-line TB drugs, i.e.
Isoniazid (INH) and Rifampicin (RIF), [12], thus it remains a source of
infection for a longer time [68]. Due to the spread of MDR-TB, TB may
once again become an “incurable disease” [65]. This may be due to TB
bacteria acquiring mutations because of specific genes that are associ-
ated with drug resistances, [62]. Tuberculosis bacteria’s fitness may be
impaired by administered resistance antibiotics,[9,35]. The drug resis-
tance TB strains could eventually acquire some mutations known as
compensatory mutations, which end up aiding their survival and ulti-
mately drug resistance [65]. Gagneux et al., further suggests that drug-
resistant TB may be transmitted as pan-sensitive strains [17].

While TB prevalence surveys has been carried out across the globe, it
has been reported that in Africa, only half of the countries have carried
out at least a formal TB prevalence surveys by 2018 [23]. Of the coun-
tries that have conducted surveys, both Nigeria and South Africa had a
combination of 42 % cases of drug resistance from an estimated com-
bined 92,829 cases [23]. MacNeil reports that Africa records a mortality
rate of either 21 % for MDR-TB, and 43 % for extensively-drug-resistant
(XDR)-TB respectively [34]. Both MDR- and XDR-TB-related morbidity
and mortality occurs predominantly in middle- and low-income coun-
tries, such as in East Africa [34]. This phenomenon could be possibly
attributed to poor adoption of policies on new diagnostic tools and lack
of implementation strategies, possibly leading to increased drug-
resistant tuberculosis in the continent [23].

In East Africa, Kenya is among the 30 high MDR-TB burden countries
[3])[32]and is ranked 13th among 30 high TB burden countries globally
[60]. The prevalence of resistance to both first- and second-line TB drugs
has been reported to be 1.5% in Kenya [46]while her neighbours, Uganda
and Tanzania had a MDR-TB prevalence of 2.3 % and 1.1 %, respectively
[53]. The Kenya’s national TB/HIV co-infection rate stands at 23%, while
in western region, where the study was carried out, it ranges from 10% to
56 % [45]. In other studies carried out, some factors have been shown to
be associated with MDR-TB risks [5]. These factors include low socio-
economic status, anti-TB treatment history, HIV co-infection, sex, other
comorbidities, alcohol use and malnutrition [5]. Additional studies have
further identified them as critical risk factors associated with the devel-
opment of MDR-TB in the region [4],(Gyamfi–Gyimah, 2019).

In 2019, 56% of global TB cases were amongmen [10]. Other studies
show that the burden of TB by sex ratio is 1:1.5 in women to men in low-
and middle-income countries [22]. Sex has also been shown to be a
biological risk factor for TB infection [60], since males were predictors
of poor treatment outcomes [25]while women were known to represent
treatment success [67].

Characterizing sex differences in drug resistance tuberculosis/HIV
immunodeficiency virus (DR-TB/HIV) co-infection is important in sub-
Saharan Africa where women have a disproportionally higher preva-
lence of HIV and a higher risk of TB/HIV-related mortality than men [6].
Identifying sex differences can guide implementation of sex-specific
interventions to improve DR-TB treatment outcomes [6].

There are several tests available for diagnosis of TB depending on the
type of TB suspected, whether pulmonary or extrapulmonary. These
tests range from sputum collection and testing using various diagnostic
platforms such as phenotypic (microscopy and cultures) or genotypic
techniques [GeneXpert Mtb RIF and Line Probe Assay (LPA)] [33]. Other
non-laboratory-related tests include chest X-rays, Magnetic Resonance
Imaging (MRI), Computed Tomography (CT) scans and ultrasounds
[6,39].

Early diagnosis of TB is a critical step towards its control[58]and
bacteriological confirmation of MTB and subsequent drug resistance

testing[14]aids in MDR-TB detection. While MDR-TB diagnosis has
made significant strides[29], it is largely compounded by lack of or poor
laboratory infrastructures and other resources in many instances
resulting into delays in diagnosis, therapy initiation or completion[50].
Systematic surveillance and tracking of MDR-TB helps in understanding
the overall burden of the disease [40]and can inform research and
practice in diagnosis, treatment, and infection control. More efficient
strategies and increased investment and commitment toMDR-TB control
will be needed[51]. In order to meet the World Health Organization
(WHO) goal/target to end TB by 2035, countries must address the
emergence of drug-resistant strains effectively[38].

The serious epidemic of MDR-TB is considered an important public
health issue in many nations and constitutes a huge factor hampering
effective TB control worldwide, which then highlights the usefulness of
universal drug susceptibility testing[59]. This study sought to determine
factors associated with MDR-TB among presumptive multidrug resis-
tance tuberculosis patients identified in a drug resistance TB surveil-
lance study in western Kenya with an overall aim of providing evidence
for planning of targeted programmatic interventions to reduce burden of
multidrug-resistant tuberculosis in Kenya.

2. Materials and methods

2.1. Study Area

The study was conducted in western Kenya, a region that has a high
TB/HIV burden [41]. The samples were collected from the Ministry of
Health [3] peripheral health facilities as part of routine workup and
transported to KEMRI-CGHR TB Laboratory in Kisumu, Kenya, for cul-
ture and drug susceptibility testing (DST) for either first line or second-
line DST, and archival for MTBc isolates identified.

2.2. Study design

This was a health facility-based cross-sectional study conducted be-
tween November 1st 2021 to March 31st 2022.

2.3. Target population

The study included all presumptive TB patients visiting TB clinics at
the health facility and provided sputum specimens for TB diagnosis.

2.4. Sampling (Patient selection) method

Patients presenting with suggestive TB clinical signs and symptoms
with or without prior TB treatment history, positive smear relapses, or a
possible treatment failure, and those who were lost to follow-up.

2.5. Sample size

Each presumptive TB patient provided one sputum sample during
their TB clinic visit at the peripheral health facilities during the study
period. The total sample size (N=390) used in this study was calculated
using Fisher’s sample size formula for one proportion,[3]assuming 95 %
level of significance, 0.558 % prevalence of TB in the general population
[13], and 5 % margin of error.

2.6. Data collection

The facility’s clinicians at the TB clinics collected and entered
participant information using the Kenya National TB program’s MoH
laboratory requisition forms available at the health facilities. The in-
formation included socio-clinical and demographic information pa-
tient’s age, sex, HIV status, clinical history that included coughs for
more than two weeks, night sweats, fever, loss of breath, loss of weight,
patient type (i.e., either new, presumptive, lost to follow-up, treatment
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failure), and TB type (either pulmonary or extra pulmonary TB). This
information collected were subsequently entered onto the laboratory’s
information management system (LIMS).

2.7. Laboratory procedures

Sputum samples (3-5mls collected in sterile 50 ml falcon tubes) were
processed as per the standard culture processing algorithm, as provided
for in theMGITTMmanual [55]. The samples were decontaminated using
2 % NALC-NaOH/Na citrate concentration of equal volumes (resulting
into a final concentration of 1 %), washed using phosphate buffered
saline (PBS), vortexed, and centrifuged (at 3000 rpm), pellets (deposits)
resuspended in 0.5mls PBS. A resultant 0.1 was thereafter obtained,
which was adequate for both inoculation onto BACTEC Mycobacterium
growth indicator tube (MGIT) for culture and fluorescent microscopy
(FM). Subsequently, all positive growths from MGIT underwent MTBc
identification using Brain Heart Infusion (BHI) culture, Ziehl Nielsen
(ZN) microscopy and BD’s MTBc identification kits of which MTBc
positives received drug susceptibility tests (DST) against the first line TB
treatment drugs.

Drug sensitivity testing, (a laboratory diagnostic technique for
determining ability of a drug to inhibit the growth of M. tuberculosis) to
first line TB drugs was performed by dilution of 1:100 for each of the first
line drugs (Isoniazid, Rifampicin, and ethambutol). Onto the diluted
drugs in the individual tubes, 0.8 ml of DST supplement and 0.5 ml of
inoculum from the growth obtained from liquid culture MGIT culture
tubes were added, incubated into BACTEC 960 MGIT instrument and
observed daily for growth for 12–14 days.

2.8. Study Variables

In the regression analyses, the dependent variable was drug resistant
TB measured on a binary scale as resistant or non-resistant to each of the
drug being tested. The independent variables were age of patients in
years, sex, HIV status categorized as positive, negative, and unknown,
county of residence, and patient type (new, smear positive relapse,
treatment failure, and lost to follow up).

2.9. Statistical Analysis

All the data were entered into Microsoft Excel spreadsheet and
transferred into STATA version 15.0 (Stata Corporation, College Station,
Texas, USA) for statistical analyses. The continuous variables were
summarized using median [interquartile range (IQR)] and frequencies
and percentages for categorical variables. Multivariable logistic regres-
sion was conducted controlling for all the independent variables to
identify factors associated with the TB drug resistant for each drug. All
the variables included in this study are traditional/known risk factors of
drug resistance to TB and were included in the regression model irre-
spective of their value. All P≤0.05 were considered statistically
significant.

2.10. Ethical Considerations

The study was approved by School of Graduate Studies of Maseno
University and Kenya Medical Research Institute’s Scientific and Ethical
Review Unit (SERU), protocol no. SERU 4247, prior to commencing the
study.

Informed consent was not sought from the study participants as we
used secondary data. Confidentiality of the information collected was
maintained by omitting their names and other personal identifiers from
extraction sheet.

3. Results

3.1. Socio-demographic Characteristics of the study participants

A total of 390 isolates from sputum samples were included in this
analysis. The median age of patients was 34 (IQR: 25–43) years and 302
(77.4 %) of the participants were males. Most patients were from Kisii
County (40.5 %; n = 158); 322 (82.6 %) had been previously treated
(presumptive MDR-TB), 28 (7.2 %) had smear positive relapses, 26 (6.7
%) were lost to follow–up (LTFU), 7 (1.8 %) were first line treatment
failures and 7 (1.8 %) were new. The prevalence of MDR-TB was 3.6 %
(95 % CI: 2.0 %-5.9 %) and HIV 30.3 % (95 % CI: 25.7 %-35.1 %)
(Table 1).

A total of 64/390 (16.4 %) isolates had a form of resistance. The RIF
resistance was identified in 12 (3.1 %), INH resistance in 34 (8.7 %), 4
(1.0 %) had ethambutol resistance and 14 (3.6 %) had multidrug
resistance.

3.2. Drug resistance by patient characteristics

Of the various drug resistances patterns witnessed, HIV uninfected
had 34/64 (53.1 %) cases comprising of 17/64 (26.5 %) INH, 7/64
(10.9 %) MDR, 6/64 (9.4 %) RIF and 4/64 (6.3 %) ETH, respectively.
The HIV infected had 26/64 (40.6 %) cases comprising of 15/64 (23.4
%) INH, 6/64 (9.4 %) MDR and 5/64 (7.8 %) RIF, respectively. For those
individuals in which the HIV status was unknown, had 4/64 (6.3 %)
cases of drug resistances that comprised 2/64 (3.1 %) INH, 1 (1.6 %)
MDR, and 1 (1.6 %) RIF (Table 2).

Table 1
Summarizes the socio-demographics characteristics of patients for the TB sur-
veillance study performed at the KEMRI TB laboratory, Kisumu (N=390).

Variable Frequency/median (IQR) Percentage (%)

Age in years 34 (25 – 43)
Sex
Female 88 22.6
Male 302 77.4
County of Residence
Busia 3 0.8
Elgeyo Marakwet 19 4.9
Homa Bay 60 15.4
Kakamega 6 1.5
Kericho 2 0.5
Kisii 158 40.5
Kisumu 8 2.1
Migori 41 10.5
Nandi 21 5.4
Siaya 21 5.4
Trans Nzoia 1 0.3
Uasin Gishu 28 7.2
Vihiga 22 5.6
Patient Type
Failure of First Line 7 1.8
New Cases 7 1.8
Previously Treated 322 82.6
Relapse Smear Positive 28 7.2
Lost to Follow Up 26 6.7
HIV Status
Negative 246 63.1
Not Done 26 6.7
Positive 118 30.3
Resistance
Non-resistance 326 83.6
INH 34 8.7
MDR 14 3.6
RIF 12 3.1
ETHA 4 1.0

Data presented in median (IQR), frequency and percentages. INH=Isoniazid,
MDR=multi-drug resistance, RIF=rifampicin, ETHA=ethambutol.
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The prevalence of resistance across all the drugs were higher among
males 55/64 (85.9 %), comprising resistances to INH 31/34 (91.2 %),
MDR 11/14 (78.6 %), RIF 10/12 (83.3 %) and ETH 3/4 (75 %) cases as
compared to 9/64 (14.1 %) among females with INH 3/34 (8.8 %), MDR
3/14 (21.4 %), RIF 2/12 (16.7 %) and ETH 1/4 (25 %), respectively.
While considering the patient types, the category of previously treated
for TB disease had increased resistance patterns, INH 21/34 (61.8 %),
MDR 8/14 (57.1 %), RIF 8/12 (66.7 %) and ETH 4/4 (100 %), followed
by patients who had smear positive relapses with INH 6/34 (17.6 %),
MDR 3/14 (21.4 %), and RIF 1/12 (8.3 %), respectively. The patients
reported as lost to follow up, had 5/34 (14.7 %) INH resistance, and 1/
12 (8.3 %) RIF resistance, those reported as failure to first line treatment
had 1/34 (2.9 %) INH, 1/14 (7.1 %) MDR and 1/12 (8.3 %) RIF re-
sistances Table 3.

Among the counties of residences, Siaya had 7/34 (20.5 %) INH
resistance, Homabay, Kisii, and Migori reported 6/34 (17.6 %) cases
each, Vihiga had 3/34 (8.8 %), Elgeyo Marakwet and Nandi 2/34 (5.9
%) each, and lastly Kisumu and Uasin Gishu had 1/34(2.9 %) cases each.
For MDR cases, both Homabay and Migori had 4/14 (28.6 %), Kisii had
3/14(21.4 %), Uasin Gishu had 2/14(14.3 %) and Nandi reported 1/14
(7.1 %). For RIF resistance, Kisii had 5/12 (41.7 %), 2/12 (16.7 %) in
Homabay and Kisii, and 1/12(8.3 %) for Elgeyo Marakwet, Migori and
Siaya respectively. Lastly, for Ethambutol resistance, Nandi had 2/4(50
%), with both Migori and Uasin Gishu reporting ¼ (25 %) cases each.
Overall, Siaya County had a higher proportion of patients resistant to
INH (n = 7; 20.6 %), however, Homabay and Migori counties had 4
(28.6 %) MDR patients each, whilst majority in Kisii County were
resistance to RIF (n = 5; 41.7 %) and half of the patients’ resistance to
ethambutol were from Nandi County (n = 2; 50.0 %). Table 2.

3.3. Factors associated with drug resistance

To identify factors associated with MDR-TB, multivariate logistic
regression analyses was used. Results show that the category of previ-
ously treated (patients who received or currently on TB treatment) had a
70 % decrease likelihood of resistance (aOR: 0.30; 95 % CI: 01.3–0.70)
while other categories (lost to follow-up, relapses, first-line treatment
failures and new cases) had a 3.33 times increased likelihood of resis-
tance [aOR: 3.33 (1.42–7.44)] to INH. Further analyses demonstrated
that older age in years had an increased likelihood to resistance to RIF

(aOR: 1.04; 95 % CI: 1.00–1.08) while younger age experienced less
resistance. All the rest of the analyses were non-significant.

4. Discussion

The current study has shownmore TB distribution among males than
females, congruent to previous studies carried out earlier, [47]with
males showing higher TB infections over females [13]. In Kenya, studies
have shown the prevalence to both MDR TB (firstline) and second line
TB drugs resistance is 1.5 % [46]as well as having an estimated national
HIV prevalence rates of 5.6 % and 6.3 %, [13].

The HIV prevalence in the study area (western region) was diverse,
ranging from 2.5 % to 27%, compared to the national rate of 4.9 % [42],
however the current study had a HIV infection of 30.3 %, which fairly
contrasts a similar study in, western Kenya, [27].

The current study found a higher prevalence rate for MDR-TB
(firstline drug resistance), at 3.6 %, probably due to intensified or
enhanced active case findings over the recent past. The current study
also observed an overall prevalence of 3.1 % RIF monoresistance, con-
trary to a study conducted in South Africa [37], which had RIF (11 %)
but comparable to its INH monoresistance of 8.7 % to 8.5 %, respec-
tively. Similarly, it also showed a difference to a study from Uganda [8]
that reported both RIF and INH monoresistance at 4.8 % and 3.2 %,
respectively.

The factors considered for this current study (i.e., sex and HIV status)
were not associated with MDR-TB, except the age, where participants of
age group 25 – 43 years had TB, comparing favorably to other studies
[16,52,63]and patient type where among those previously treated [28],
a significant association with INH resistance was observed. In addition,
aged individuals were more likely to show resistance to RIF relative to
younger groups, probably because they may have not been exposed to
Rifampicin, since it was recently introduced into use [28].

Tuberculosis prevalence among this age group (25–43 years) could
be attributed to their probable socio-economic activities [44],.e.g.,
mobility for search of, or working, strict and unfavorable job schedules,
conflicting time of taking medicines, or poor health seeking behaviour
altogether [57].

Despite the global efforts to combat and eliminate TB which is 100 %
curable, it continues to cause deaths among adults and infects close to a
third of global populations [63]. A major challenge to these efforts has

Table 2
Summaries of the demographic and clinical characteristics of patients with different drug resistances, N=64.

INH MDR RIF ETHA
Characteristic n = 34 % n = 14 % n = 12 % n = 4 %

Age in years, Median (IQR) 37 (28 – 44) 39 (33 – 43) 38 (35 – 46) NA
Sex
Female 3 8.8 3 21.4 2 16.7 1 25.0
Male 31 91.2 11 78.6 10 83.3 3 75.0
County of Residence
Elgeyo Marakwet 2 5.9 0 0.0 1 8.3 0 0.0
Homa Bay 6 17.6 4 28.6 2 16.7 0 0.0
Kisii 6 17.6 3 21.4 5 41.7 0 0.0
Kisumu 1 2.9 0 0.0 0 0.0 0 0.0
Migori 6 17.6 4 28.6 1 8.3 1 25.0
Nandi 2 5.9 1 7.1 2 16.7 2 50.0
Siaya 7 20.6 0 0.0 1 8.3 0 0.0
Uasin Gishu 1 2.9 2 14.3 0 0.0 1 25.0
Vihiga 3 8.8 0 0.0 0 0.0 0 0.0
Patient Type
Failure of First Line 1 2.9 2 14.3 1 8.3 0 0.0
New 1 2.9 1 7.1 1 8.3 0 0.0
Previously Treated 21 61.8 8 57.1 8 66.7 4 100.0
Relapse Smear Positive 6 17.6 3 21.4 1 8.3 0 0.0
Treatment after Loss to Follow Up 5 14.7 0 0.0 1 8.3 0 0.0
HIV Status
Negative 17 50.0 7 50.0 6 50.0 4 100.0
Not Done 2 5.9 1 7.1 1 8.3 0 0.0
Positive 15 44.1 6 42.9 5 41.7 0 0.0
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been the emergence or presence of resistance, of a severe form also
referred to as multidrug resistance tuberculosis. The MDR-TB poses a
huge challenge to public health systems in terms of treatment costs and
disease control [56].

This current work determined the factors associated with TB drug
resistance among MDR-TB presumptive patients, such as age, sex, HIV
status, patient type, geographical locations, and TB types. The majority
of participants (82.6 %), were from presumptive MDR-TB patients, with
an age group between 25 and 43 years similar to a study conducted in
India [54]. In the current study, we obtained only a limited number of
samples from children, none of which had MDR-TB consistent with
previous findings [71]. The low numbers are likely due to challenges
with collecting samples from children. More effort and emphasis should
be made towards children with regards to sample collection to have
comprehensive analyses that can guide interventions in this group.

The current study observed an association of TB with being male,
similar to a study from China [66]), as well as other previously con-
ducted studies in both Ethiopia [21,64]but contrasting to a Nigeria
study, [48]and this may be due to a lower number of males seeking
health care [25], as well as biological differences in response to
Mycobacterium.

The current study also shows an association of MDR-TB among the
older population, similar to a study from Nigeria [48], but contrasting to
STOP TB, where majority are within the middle age groups of 25–44
years, as well as among the HIV infected, [16,21]. For example, in the
multivariable logistic regression analysis, it showed that HIV infection
was not associated with drug resistant TB, similar to previous studies
[13,30].

The study did not find any overt significant associations between sex,
HIV status, patient and/or TB types as well as geographical locations,
and TB drug resistance except age, which had a significant risk factor for
MDR-TB, and in concurrent with studies carried out in Bangladesh and
China [16,66]). We also observed a significant association between age
and RIF resistance among the patients. The high frequencies of MDR-TB
among older age groups may indicate the possibility of propagation of
MDR-TB in the community, due to delays in seeking health care services,
lack of resources among other reasons [1,2].

In establishing clinical characteristics of patients with different drug
resistances, our findings show that all the drug resistances were higher
among the previously treated patients as compared to other patient
categories, of whom RIF and INH monoresistance was 66.7 % and 61.8
%, respectively, while MDR was at 57.1 %, consistent with other studies
[31,26,69,15].

The proportion of females presenting with MDR-TB was 21.4 %, INH
and RIF monoresistance was 8.8 % and 16.7 %, respectively, to males at
MDR-TB at 78.6 %. Monoresistance to both INH and RIF were at 91.2 %
and 83.3 %, respectively, in line with a study conducted in India[54].
The current study found a significant difference in the MDR-TB preva-
lence between previously treated and other patient categories, i.e., lost
to follow-up, smear relapses treatment failures and new cases, contrary

to a previous study conducted in India[54].
Among the sex characteristics, the current study observed more re-

sistances to INH, RIF and MDR with men, in line with previous findings
[19]. In the current study, isolates from previously treated patients had
INH (8.7 %) monoresistance, while isolates from males had a higher risk
of INH monoresistance as compared to females which was similar to
other findings[6].

Isoniazid mono-resistance had a significant association with previous
treatment, similar to the rate found in studies conducted in Uganda [37]
and Ethiopia [36], and higher than the outcomes as observed in the
recent 2016, Kenya Tuberculosis Prevalence Survey (KTBPS, 2016) of
2.1 % [13].

The current study observed that at least 16.4 % of all isolates had a
form of resistance. Mono-RIF resistance and mono-INH resistance were
observed to be the most prevalent among this population. In addition, of
all the RIF resistance, 57 % were equally multidrug resistance in close
concordance with the global value of between 60 to 70 % [54].

Among the HIV-infected individuals, failure of first-line treatment
was associated with MDR-TB, consistent to previous studies[11], how-
ever, this was contrary to a similar study from Uganda[37], which found
out that the prevalence of TB has been increasing among patients who
are HIV-negative since 2005. While there were no strong associations
with individual factors such as HIV infection, history of previous treat-
ment towards MDR-TB infections, there was however, an association
between age on RIF mono-resistance and previous treatment towards
INH mono-resistance.

In the multivariate regression analysis performed, we observed no
significant association between MDR and INH resistance with regards to
age, with an exception to RIF resistance, which had a P=0.048. Equally
important observation realized was a significant association between
INH resistance (P=0.004) in patients who had been previously treated
with anti-TB therapy, of which include the first line treatment of
tuberculosis, comprising of RIF and INH among other drugs. Our study
did not observe any significant associations between sex and HIV status
and MDR-TB resistance, in line with other studies [37].

The current study has provided pertinent information about factors
associated with MDR-TB which can form part of heightened imple-
mentation towards a decreased burden of TB in western Kenya for the
national TB program.

There are many differences among studies assessing risk factors for
MDR-TB because of region and sample size differences, scattered factors,
and inconsistent results among others [65]. The current study observed
a high MDR-TB prevalence in Homabay and Migori counties, both at
28.6 %, and the regions are considered to have high HIV prevalence as
per the recent Kenya Aids Indicator Survey (2018) report [18], therefore
MDR-TB prevalence may be associated with regions with a higher
prevalence of both HIV and TB.

Table 3
Summaries of the multivariable logistic regression of factors associated with drug resistance patterns.

MDR INH RIF
Variables aOR 95 %CI aOR 95 %CI aOR (95 %CI)

Age in year 1.02 0.97–1.06 1.01 0.98–1.03 1.04 1.00–1.08
Sex
Females 0.76 0.11–3.12 0.32 0.07–0.96 0.79 0.12–3.27
Males 1.32 0.32–8.90 3.10 1.04–13.35 1.26 0.31–8.52
Type of patients
Previously treated 0.31 0.09–1.26 0.30 0.13–0.70 0.47 0.13–2.26
*Others 3.18 0.79–11.19 3.33 1.42–7.44 2.12 0.44–7.86
HIV status
Negative 0.44 0.12–1.54 0.57 0.26–1.22 0.55 0.15–2.03
Positive 2.27 0.65–8.24 1.77 0.82–3.79 1.82 0.49–6.54

*Includes: Failure of first line, new cases, relapse smear positive, Treatment after lost to follow-up;CI: confidence interval.
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5. Strengths and weaknesses

The major strength of this study was inclusion of all MDR-TB pa-
tients’ samples from the regions of Western Kenya.

5.1. Study Limitation

Our study included very few isolates from children with TB, so we
were unable to draw any conclusion about this age group. The study was
not able to conduct second-line drug susceptibility nor sequencing tests
for patients showing resistance to first line regimens and for possible
mutations associated with RIF and INH resistance and possibly under-
standing the genotypic diversity.

The current study only involved presumptive MDR-TB participants.
The study did not include all TB patients, such as those on susceptible TB
treatment regimens. Our multivariable analysis did not include other
behavioural factors that may be associated with MDR-TB e.g. smoking,
alcohol intake, poor adherence etc. However, the study included renown
demographic and clinical characteristics such age, sex, HIV status, TB
treatment history, and lost to follow-up which also determines the
behavioural characteristics.

Despite these limitations, we provide preliminary analyses on the
risk factors associated with MDR-TB which are important information
for health policy and planning of targeted programmatic interventions
for future improvements of MDR-TB prevention and control in western
region or in Kenya as a whole.

6. Conclusion

The study showed MDR-TB prevalence of 3.6 % among presumptive
MTB patients in western Kenya, and HIV infection prevalence of 30.3 %,
this requires a concerted effort to combat both TB and HIV infections
among these population. While the median age of current study’s par-
ticipants was 34 years, the study showed the age group of 25–43 years as
predominantly infected with TB, drug resistances to first line, and
among these, males are the majority, there is therefore the need to
develop strategies targeting these age group and males in general.

Previously treated TB patients constituted most MDR-TB in the cur-
rent study; hence a lot needs to be done towards these patients, e.g.,
better education on importance of adherence, use of right drugs
appropriately and emphasis on changes to wards health seeking
behaviour. Geographically, current study demonstrated high MDR-TB
prevalence, (28.6 %) for both Migori and Homabay, with (21.4 %) in
Kisii. Migori and Homabay counties with shared boundaries have both
higher MDR and RIF resistance rates, while Siaya poses challenge with
INH resistance (20.5 %).

7. Recommendations

There is hence a heightened need to develop MDR-TB mop up stra-
tegies that should be employed in both counties simultaneously, to aid in
reducing TB and MDR in these areas. Therefore, planning for continuous
drug resistance screening for all TB patients, as well as the strengthening
of drug resistance control measures in these regions as well as the rest of
the country, is recommended.

Other studies should consider behavioural characteristics of their
prospective participants too.
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