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RISK FACTORS OF ACTIVE TUBERCULOSIS IN PEOPLE
LIVING WITH HIV/AIDS IN SOUTHWEST ETHIOPIA: A CASE
CONTROL STUDY

Mohammed Taha', Amare Deribew"”, Fasil Tessema’, Sahilu Assegid®, Luc
Duchateau®, Robert Colebunders®*

ABSTRACT

BACKGROUND: Determinants of active tuberculosis among People Living with HIV/AIDS (PLHA)
are not well elucidated in countries with limited resources. The objective of this study was to assess distal
and proximate determinants of active tuberculosis among people living with HIV/AIDS in southwest
Ethiopia.

METHODS: A case-control study was conducted from January to March, 2009 in South West
Ethiopia. The study population consisted of 162 cases and 647 controls. Cases were adult people living
with HIV/AIDS who developed active pulmonary tuberculosis and controls were people living with
HIV/AIDS without active tuberculosis. An interviewer administered structured questionnaire was used to
collect information on potential risk factors.

RESULTS: After adjustment for potential confounders, male gender (OR=1.7; 95%Cl: 1.1, 2.7), a low
level of education (OR=2.8; 95% CI: 1.1, 7.1), a body mass index less than 18.5 kg/m2 (OR=4.1; 95% CI:
2.3, 7.4), hemoglobin level less than 10.0 g/dl (OR=2.8; 95%CI: 1.5, 5.2), a CD4 lymphocyte count less
than 200 cells/puL (OR=9.8'95% CI: 5.5, 17.5), a WHO clinical stage 1V (OR=4.3; 95% CI: 2.6, 6.8), not
taking antiretroviral treatment (OR=3.1; 95%CI: 1.9,4.9), an infection with helminthes (OR=2.2; 95%
Cl: 1.4, 3.4), a history of contact with a tuberculosis patient in the family (OR=2.0; 95% CI: 1.2, 3.3),
and living in a house made of mud wall (OR=3.7; 95% CI: 1.5, 7.5) were independently associated with
the development of active tuberculosis in people living with HIV/AIDS.

CONCLUSION: All people living with HIV/AIDS should be screened for tuberculosis but in the
presence of the risk factors mentioned above, intensified screening is recommended.
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INTRODUCTION

Infection with Tuberculosis (TB) is the result of a
complex interaction between the environment, the
host and the pathogen(1, 2). TB control strategies
mainly focus on decreasing the transmission of
mycobacterium  tuberculosis  through early
detection and effective treatment of TB patients(1,
3). There is evidence that it is impossible to

eliminate TB (incidence less than 1 per million
population) by 2050 using this strategy alone(4).
A comprehensive strategy focusing on major risk
factors of TB is essential to achieve the ‘Stop TB’
partnership targets(1, 5). Risk factors of TB can be
categorized as distal or proximate(1). Distal risk
factors such as socio-economic status contribute to
the development of TB indirectly whereas
proximate determinants include those that increase
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exposure to the infectious agent such as crowding
and that impair the host immune system(1).
Assessment of proximate determinants of TB
which are amenable for interventions such as the
host and environmental factors help to target
strategies(1). Several studies on risk factors of TB
were done in the general population(6-9) but the
proximate determinants of active TB among HIV
patients are not well elucidated in countries with
limited resources. In this study, the distal and
proximate determinants of active TB among
PLHA were assessed in south-west Ethiopia.

MATERIALS AND METHODS

From January to March, 2009, a case control study
was conducted in Jimma and Mettu Karl hospitals
where the two hospitals serve as referral and
treatment centers for HIV and TB in south-west
Ethiopia. During the study period, a total of 1546

adults (1030 in Jimma & 516 in Mettu Karl) with
HIV infection were registered for HIV related
care, of which 324 ( 286 in Jimma & 38 in Mettu
Karl) developed active pulmonary TB and
diagnosis of TB was made by physicians based on
the national TB guideline(10). TB patients who
were below 15 years were excluded. From the
source population, a total of 162 PLHA with
active pulmonary TB (cases) and 647 PLHA with
no active TB (controls) were randomly selected to
participate in the study. The sample size was
calculated using Epi Info 6.04 software (Center for
Disease Control and Prevention, Atlanta, 2005)
using the following parameters: proportion of
males among the controls of 22.3%, odds ratio
(OR) of 1.8(11), 5% significance level, power of
80%, a case to control ratio of 1:4, and a non-
response rate of 10%. The distribution of cases
and controls in the study hospitals is illustrated in
Table 1.

Table 1-Number of cases and controls selected in two hospitals in Southwest Ethiopia, 2009.

Hospital Total number PLHA Total number PLHA with Sample size
*with no active TB active TB (source for cases)  Cases Controls
(source for controls)

Metu hospital 478 38 20 80

Jimma Hospital 744 286 142 567

Total 1222 324 162 647

*PLHA-People living with HIV/AIDS

Data were collected by trained nurses using a
pretested structured questionnaire. The
questionnaire consisted of distal and proximate
determinants of active TB (Figure 1). The distal
determinants contained information concerning
residence, ownership of a house, marital status,
educational status, employment and monthly
income. The proximate determinants were
categorized into host and environmental factors.
The host factors included sex, age, past history of
TB, use of substances such as smoking, alcohol
and Khat (stimulant plant from Chata Edulis),
infection with helminthes, presence of asthma or
diabetes mellitus, body mass index (BMI),

anemia, CD4 lymphocyte count and WHO clinical
staging. The environmental factors consisted of a
contact history with a TB patient in the family,
type of wall and floor of a house, presence of a
separate kitchen, availability of a waste disposal
system, and finally crowding in the house.

Individuals’ duration of smoking of any type
of tobacco was categorized as “never”, “less than
six months” and “more than six months”.
Duration of consumption of any type of alcohol
and Khat chewing was similarly categorized as
“never”, “less than six months and “more than six
months”.
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Figure 1-Determinants of active Tuberculosis in HIV patients

Stool samples were analyzed by formal-ether
concentration method (12) and examined by
laboratory  technician  using  microscopy.
Hemoglobin level was determined using the Hemo
Cue analyzer (HemoCue Hb 301, Sweden) and
anemia was defined as a hemoglobin level of less
than 10.0 g/dl. Presence of malnutrition was
determined by a BMI of less than 18.5 kg/m’.
Income was categorized into above and below the
absolute poverty line of 330 Ethiopian Birr/month
(about 30 USD). The adult crowding index was
calculated by dividing the number of adults in a
house by the number of rooms and three
categories (<1, 1-2, >2) of crowding index were
used. Data on CD4 lymphocyte count were
extracted from the patients’ record.

Data were cleaned for inconsistencies and
missing values and analyzed using SPSS 16.0
statistical software. The Cochran-Mantel-Haenszel
chi-square test was wused to evaluate the
association between distal, host and environmental
risk factors with the occurrence of active TB. All

variables with a significant association in the
univariate analysis (P<0.05) were candidates to be
included in the final multivariate logistic
regression model. The final model was obtained
by a forward and backward selection procedure.

Ethical clearance was obtained from the
ethical committee of Jimma University and written
consent was obtained from the study participants
and confidentiality was assured for all the
information provided.

RESULTS

Univariate analysis of factors associates with
TB: In the univariate analysis, there were no
significant differences between cases and controls
concerning most of the distal determinants such as
area of residence, ownership of a house,
occupation and income. However, a higher
proportion of single (P=0.004) and illiterate
individuals (P<0.001) had active TB compared to
married and literate individuals (Table-2).
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Table 2- Association of distal determinants and active tuberculosis in HIV patients, Southwest Ethiopia,

2009.
Variables Cases Controls P-value
N (%) N (%)
Residence
Urban 142 (87.7) 590 91.2) 0.8
Rural 20 (12.3) 57 (8.8)
Ownership of a house
Yes 64 (39.5) 292 (45.1) 0.2
No 98 (60.5) 355 (54.9)
Marital status
Married 69 (42.6) 303 (46.8) 0.004
Single 41 (25.3) 94 (14.5)
Divorced/ Widowed 52 (32.1) 250 (38.7)
Educational status
No Formal education 64 (39.5) 126 (19.5) <0.001
Elementary(grade 1-6) 30 (18.5) 185 (28.6)
Junior secondary(grade 7-8) 19 (11.7) 98 (15.1)
High school 35 (21.6) 187 (28.9)
Above high school 14 (8.5) 51 (7.9)
Employment status
Employed 37 (22.8) 176 (27.2) 0.5
Unemployed 125 (77.2) 471 (72.8)
Monthly income in USD
<30 80 (49.4) 312 (48.2) 0.8
>30 82 (50.6) 335 (51.8)

Males were more likely to have active TB than
females (P=0.007). A higher proportion of cases
had a history of smoking of more than 6 months
compared to controls (P<0.001). Infection with
helminthes was more common among cases than
controls (P<0.001). Individuals who had anemia
(hemoglobin <10.0g/dl) were more likely to have
active TB than individuals who had a higher
hemoglobin level (P<0.001). A higher proportion
of cases had a CD4 lymphocyte count less than
200 cells/uL compared to controls (P<0.001).
More cases (69.1%) were in clinical stage IV of
WHO compared to controls (36.2%). A higher
proportion of cases (54.7%) had a BMI less than
18.5kg/m’ compared to controls (27.2%) (Table-
3).

A higher proportion of cases had a contact
history with a TB patient in their family (P<0.001)
as well a larger proportion of them were living in a
house made of a mud wall compared to the control
(P< 0.001). In addition, controls were more likely
to live in a house made of a cement floor

(P<0.001) and to have a separate kitchen
(P<0.001) than cases. However, there was no
significance difference between cases and controls
concerning crowding index, availability of a waste
disposal system and a latrine (Table-4).

Factors independently associated with active
TB: After adjustment for potential confounders,
male gender (OR=1.7; 95%CI: 1.1, 2.7), a low
level of education (OR=2.8; 95% CI: 1.1, 7.1), a
BMI less than 18.5 kg/m2 (OR=4.1; 95% CI: 2.3,
7.4), hemoglobin level less than 10.0 g/dl
(OR=2.8; 95%CI: 1.5, 5.2), a CD4 lymphocyte
count less than 200 cells/uL (OR=9.8; 95% CI:
5.5, 17.5), a WHO clinical stage IV (OR=4.3; 95%
CI: 2.6, 6.8) , not taking ART (OR=3.1; 95%CI:
1.9,4.9), an infection with helminthes (OR=2.2;
95% CI: 1.4, 3.4), a history of contact with a TB
patient in the family (OR=2.0; 95% CI: 1.2, 3.3),
and living in a house made of mud wall (OR=3.7;
95% CI: 1.5, 7.5) were independently associated
with the occurrence of active TB (Table-5).
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Table 3- Association of host factors and active tuberculosis in HIV patients, Southwest Ethiopia, 20009.

Variables Cases, n (%) Controls, n (%) P-value

Sex
Male 79 (48.8) 241 (37.2) 0.007
Female 83 (51.2) 406 (62.3)

Age
15-35 years 107 (66.0) 379 (58.6) 0.08
>35 years 55 (34.0) 268 (41.4)

Past history of TB
Yes 70 (43.2) 269 (41.6) 0.7
No 92 (56.8) 378 (58.4)

Smoking
Never 115 (71.0) 541 (83.6) <0.001
Less than 6 months 1 (0.6) 6 (0.9)

More than 6 months 46 (28.4) 100 (15.5)

Alcohol
Never 100 (61.7) 433 (66.9) 0.3
Less than 6 months 10 (6.2) 24 (3.7
More than 6 months 52 (32.1) 190 (29.4)

Khat chewing
Never 94 (58.0) 420 (64.9) 0.09
Less than 6 months 11 (6.8) 23 (3.6)

More than 6 months 57 (35.2) 204 (31.5)

Helminthes infection
Yes 65 (40.1) 175 (27.0) <0.001
No 97 (59.9) 472 (73.0)

Bronchial Asthma
Yes 13 (8.0 32 (4.9 0.13
No 149 (92.0) 615 (95.1)

History of Diabetes Mellitus
Yes 2 (1.2) 2 0.3) 0.13
No 160 (98.8) 645 (99.7)

Haemoglobin(g/dl)

<10 41 (25.3) 59 9.1 <0.001
10-12.49 58 (35.8) 194 (30.0)
>12.5 63 (38.9) 394 (60.9)

Taking ART <0.001
Yes 83 (51.2) 502 (77.6)

No 79 (48.8) 145 (22.4)

CD4 lymphocyte count (cells/pL) <
<200 82 (50.6) 116 (17.9) 0.001
200-499 53 (32.7) 207 (32.0)
>500 27 (16.7) 324 (50.1)

WHO clinical staging
Stage I1I 50 (30.9) 413 (63.8) <0.001
Stage IV 112 (69.1) 234 (36.2)

Isoniazide preventive therapy
Yes 2 (1.2) 27 4.2) 0.07
No 160 (98.8) 620 (95.8)

Body mass index (BMI)

<18.5 88 (54.3) 176 (27.2) <0.001

>18.5 74 (45.7) 471 (72.8)
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Table 4-Association of environmental factors and active tuberculosis in HIV patients, Southwest Ethiopia,

2009.
Variables Cases, Controls P-value
N (%) N (%)
Presence of TB patient in
the family
Yes 52 (32.1) 115 (17.8) <0.001
No 110 (67.9) 532 (82.2)
Wall of house
Mud/mud brick 52 (32.1) 46 (7.1) <0. 001
Cement 110 (67.9) 601 (92.9)
Floor of house
Mud 72 (44.4) 151 (23.3) <0. 001
Cement 90 (55.6) 496 (76.7)
Availability of a separate
kitchen
Yes 117 (72.2) 534 (82.5) <0.001
No 45 (27.8) 113 (17.5)
Crowding index
<1 8 (4.9) 32 (4.9) 0.2
1-2 109 (67.3) 384 (59.4)
>2 45 (27.8) 231 (35.7)
Availability of electricity
Yes 147 (90.7) 581 (88.9) 0.7
No 15 (9.3) 66 (10.1)
Availability of latrine
Yes 143 (88.3) 575 (89.9) 0.8
No 19 (11.7) 72 (11.1)
Waste system
In the compound 80 (49.4) 330 (51.0) 0.7
Outside the campus 82 (50.6) 317 (49.0)
Do animals in the house?
Yes 48 (29.6) 151 (23.3) 0.09
No 114 (70.4) 496 (76.7)
DISCUSSION economic status was associated with active TB.

In this study, several host and environmental risk
factors of active pulmonary TB were investigated
in an HIV-infected population in south-west
Ethiopia. Among the distal determinants,
educational status was significantly associated
with active TB which is consistent with other
reports in Pakistan and India (13, 14). Several
studies have shown that socio-economic status is a
strong risk factor for occurrence of active TB (15-
17). In our study a “low monthly income” was not
associated active TB but in Ethiopia estimations of
income based on salaries do not reflect the actual
income of individuals. However, poor housing
conditions which is a proxy of low socio-

Previous reports also showed that a poor
household and crowding were major risk factors
for the development of TB (7-9). The association
of male gender and active TB in this study is
consistent with several previous reports(6, 7, 9)
and the effect could be a combination of
behavioral, socioeconomic, and true
biological/genetic factors (2, 7). The role of
smoking in the development of active TB is well
established (18, 19) but smoking was not
associated with active TB in our study and this
could be probably due to the low prevalence of
smoking in our study population. There could also
be a social desirability bias whereby smokers
denied their smoking status.
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Table 5- Factors independently associated with active tuberculosis in HIV patients, Southwest Ethiopia,

20009.
Variables Crude OR Adjusted OR
(95%CI) (95%CI)
Sex
Male 1.6 (1.1,2.3) 1.7 (1.1,2.7)
Female 1 1
Educational status
No Formal education 1.9 (1.0,3.6) 2.8 (1.1,7.1)
Elementary(grade 1-6) 0.6 (0.3, 1.2) 1.2 (0.5,3.1)
Junior secondary(grade 7-8) 0.7 (0.3,1.5) 1.6 (0.6,4.6)
High school 0.6 (0.3,1.3) 1.1(0.4,2.7)
Above high school 1 1
BMI(weight/height?)
<18.5 3.23 (2.26,4.6) 4.12.3,7.4)
>18.5 1 1
Haemoglobin(g/dl)
<10 8.1(4.6,14.2) 2.8(1.5,5.2)
10-12.49 3.5(2.14,5.7) 1.4 (0.8,2.4)
>12.5 1 1
Taking ART
Yes 1
NO 3.3(2.3,4.7) 3.1(1.9,4.9)
CD4 lymphocyte count(cells/uL)
<200 8.5(5.2,13.7) 9.8(5.5,17.5)
200-499 3.0(1.8.5.0) 3.0(1.7,5.5)
>500 1 1
WHO staging
Stage 111 1 1
Stage IV 39(2.7,5.7) 4.3 (2.6,6.8)
Helminths infection
Yes 1.8 (1.3,2.6) 22(1.4,3.4)
No 1 1
Presence of TB patient in the family
Yes 2.2(1.53.2) 2.0(1.2,3.2)
No 1 1
Wall of house
Mud/mud brick 6.2 (3.96,9.65) 3.7(1.5,7.5)
Cement 1 1

A low CD4 lymphocyte count was strongly
associated with the presence of active TB which is
consistent with many other studies (20-22). The
presence of TB can also decrease the CD4
lymphocyte count in patients with HIV (23, 24).1t
has been documented that malnutrition is a major
risk factor of TB (25) and in this study, a low BMI
(a proxy measure of malnutrition) and a low
hemoglobin level were strongly associated with

active TB which is similar to other reports (14, 26-
28). There can be several explanations for the
association between a low BMI and low
hemoglobin with the development of TB. First,
TB could lead to malnutrition and anemia through
anorexia, an increased metabolic rate and
malabsorption. On the other hand, malnutrition
can aggravate the immune deficiency and increase
the risk of active TB.
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An infection with helminthes was more
common among TB patients compared to controls
and a similar finding was observed in a study done
in north Ethiopia (29). It is speculated that
infection with helminthes can lead to the
development of active TB through enhancing the
helper T-cell type 2(Th-2) immune response(30).

A contact history with a TB patient was one
of the most important predictors of active TB
which is consistent with previous findings (6-8)
where frequent contact with TB patients in a rural
household can lead to increased transmission of
TB. Moreover, clustering of TB in families can
also be explained by a genetic factor which
predispose individuals to infection with TB(30,
31).

This study has the following limitations:

First, a case control study can only identify
associations. Second, recall bias might have
affected the accuracy of information related to
substance use such as cigarette smoking and
alcohol consumption.
In conclusion, all PLHA should be screened for
TB but in the presence of the risk factors
mentioned in this paper, intensified screening is
recommended.
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