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Background: Each year, one third of the world’s population is estimated to be infected with
tuberculosis (TB). Globally in 2011, there were an estimated 8.7 million TB cases that resulted in
1.4 million deaths. In Ethiopia, TB is the leading cause of morbidity and the third most common
cause of hospital admission. The aim of this study is to assess environmental and host-related
determinants of TB in Metema district, north-west Ethiopia.
Methods: A community-based unmatched case-control study was conducted from March 12
to April 5, 2013. The study population included 655 subjects (218 cases and 437 controls in a
ratio of 1:2). Cases were TB patients selected from a total of 475 cases registered and treated
from March 2012 to February 2013 at the Metema District Hospital DOTS (direct observation therapy, short-course) clinic and selected randomly using a lottery method. Controls were
people who had had no productive cough for at least 2 weeks previously and were selected
from the community.
Results: A total of 655 respondents (218 cases and 437 controls) participated in the study. In
multivariate analysis, being illiterate (adjusted odds ratio [AOR] 3.65, 95% confidence interval
[CI] 2.31–5.76), households containing more than four family members (AOR 3.09, 95% CI
2.07–4.61), living space ,4 m2 per person (AOR 3.11, 95% CI 2.09–4.63), a nonseparated
kitchen (AOR 3.27, 95% CI 1.99–5.35), history of contact with a TB patient (AOR 2.05, 95%
CI 1.35–3.12), a house with no ceiling (AOR 1.46, 95% CI 1.07–2.21), and absence of windows
(AOR 4.42, 95% CI 2.46–7.95) were independently associated with the development of TB.
Conclusion: This study identified that the number of family members in the household, educational status, room space per person, history of contact with a TB patient, availability and number
of windows, location of kitchen facilities within the house, and whether or not the house had a
ceiling were independently associated with contracting TB. Every community should construct
houses with the kitchen separated from the main living room, and include a ceiling and more
than one window. Cigarette smoking should be avoided since this also contributed to the risk
of transmission of TB. Further research focusing on coinfection with human immunodeficiency
virus, helminth burden, and malnutrition is important for the control and prevention of TB.
Keywords: determinants, tuberculosis, Metema district, north-west Ethiopia
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Tuberculosis (TB) is a major public health problem throughout the world.1 One third
of the world’s population is estimated to be infected with tubercle bacilli and at risk
of developing active TB.2,3 According to a 2013 World Health Organization report, in
2012 there were 8.6 million new TB cases and 1.3 million TB deaths. Most TB cases
and deaths occur among men, but the burden of the disease is also high in women. In
2012, there were an estimated 2.9 million TB cases and 410,000 TB deaths in women,
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as well as an estimated 530,000 cases and 74,000 deaths among
children. The African region had approximately one quarter of
the world’s cases, and the highest rates of cases and deaths.4
According to the 2012 World Health Organization TB
report, Ethiopia ranks ninth among the 22 high-burden
countries in the world, and is one of the top five in Africa
with regard to the prevalence of TB. According to the same
report, the incidence and prevalence of TB is 261/100,000
population and 394/100,000 population, respectively. The
TB-related mortality rate for the same year is 35/100,000
population.5
In Ethiopia, according to the Ministry of Health hospital
statistics data, TB is the leading cause of morbidity, the third
cause of hospital admission (after obstetric deliveries and
malaria), and the second cause of death after malaria.2
The first Ethiopian national population-based survey
conducted in July 2007 showed that the prevalence of TB was
161/100,000, with the prevalence of males and females being
193/100,000 and 133/100,000, respectively. The survey also
showed a higher prevalence of smear-positive TB in males
(123 [75–171]) than in females (88 [44–122]) per 100,000,
with the highest rates seen among pastoralists (170/100,000)
and the lowest rates in urban areas (77/100,000). The rural
prevalence was 109 (67–151)/100,000, and close to the
national prevalence.6 In Gondar, Ethiopia, the death rate
from TB is still high when compared with other diseases.
A population-based cross-sectional study done in Dabat
district, north Gondar, Ethiopia, showed that pulmonary TB
accounted for 36.0% of all deaths.7 According to the 2012
Metema District Hospital annual report, TB was the ninth,
third, and fifth of the top ten leading causes of outpatient
visits, admissions, and deaths, respectively.8
The aim of this study is to assess environmental and hostrelated determinants of TB in Metema district in north-west
Amhara, Ethiopia.

Methods and materials
Description of study area and study design
This community-based unmatched case-control study was
conducted between March 2012 and April 5, 2013. The study
subjects were clients from the Metema District Hospital
DOTS (direct observation therapy, short-course) clinic.
A systematic random sampling technique was used.

Study area
Metema district is located 900 km north-west of Addis Ababa,
the capital city of Ethiopia, and approximately 180 km west
of Gondar township. The woreda has an international boundary
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of more than 60 km between Ethiopia and Sudan. Metema
is located north of Quarra and Alefa, west of Chilga, south
of Tach Arma Choho woredas, and east of the Sudan border.
It is one of the 24 woredas in north Gondar. According to
the 2007 census, the total population living in the district
is approximately 127,000. The district has 21 kebele, with
only one district hospital, ie, Metema District Hospital,
which provides all types of services (curative, preventive,
and rehabilitative, for communicable and noncommunicable
diseases), and comprises six health centers and 24 health
posts. The altitude in Metema ranges from as low as 550 m
to 1,608 m, while the minimum annual temperature ranges
between 22°C and 28°C. The daytime temperature becomes
very high from March to May, reaching up to 43°C. Nearly
all of the land in the woreda is in the lowlands, except some
mountain tops which fall outside. At the time of this study,
the temperature was approximately 36°C. Metema is one of
the districts in the country where the climate is harsh, and
the government allows a 30% hardship allowance. According to available digital data, the mean annual rainfall for the
region ranges from approximately 850 mm to 1,100 mm.
Approximately 90% of the district receives a mean annual
rainfall of 850–1,000 mm. Metema has a unimodal rainfall. The rainy months extend from June until the end of
September; however, most of the rainfall occurs in July and
August.9,10

Study variables
The dependent variable was pulmonary TB. The independent
variables were:
• Environmental factors – housing conditions (ventilation,
lighting), number of household residents, room size,
house size (number of rooms), type of house, family size,
history of TB contact, availability of solid waste disposal
site, sanitation in the compound, window size per room,
and water source
• Sociodemographic factors – sex, age, educational status,
occupational status, marital status, income
• Host-related factors – cigarette smoking, chewing khat,
drinking alcohol
• Comorbidities – malnutrition, diabetes mellitus.

Operational definitions

• Cases – patients with pulmonary TB who registered at
the health facility
• Controls – people who had had no productive cough for
at least 2 weeks previously and were selected from the
community
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• Good lighting – a house was considered well lit if it is
possible to read documents written in pencil in the center
of the house
• Overcrowding – a house was deemed to be overcrowded
when the area of the room per person was less than 4 m2
• New sputum smear-positive pulmonary TB case –
presence of at least one acid-fast bacillus in at least one
sputum sample in countries with a well-functioning
external quality assurance system
• New sputum smear-positive pulmonary TB case with
human immunodeficiency virus (HIV) – if HIV was
detected in the bloodstream of a new sputum smearpositive pulmonary TB case
• New sputum smear-positive pulmonary TB case without HIV – if HIV was not found in the bloodstream of
a new sputum smear-positive pulmonary TB case or
patient
• Smear-negative pulmonary TB case: if both sputum
specimens were smear-negative, but a chest X-ray
suggested TB, a diagnosis of smear-negative TB
could be made if the clinician decided to treat with a
full course of TB treatment and monitor closely for
response
• Extrapulmonary TB – involving organs other than the
lungs, eg, pleura, lymph nodes, abdomen, genitourinary
tract, skin, joints and bones, or meninges
• Kebele – the smallest administrative unit.

Sample size estimation and
data collection
The sample size was calculated using EPI Info™ StatCalc
version 3.5.1 statistical software for an unmatched casecontrol study design. The control group exposure in the
household group of greater than ten (5%) were considered
from previous study as the main exposure. A control to case
ratio of 2:1, an odds ratio of 2.59, a 95% confidence interval
(CI), a study power of 80%, and a 10% nonresponse rate
were assumed.
Based on the above assumptions, it was calculated that
197 cases and 394 controls were needed, giving a total of
591 study subjects. Adding 10% for nonresponse in both
groups, the final sample size recruited was 655 (218 cases
and 437 controls). Table 1 shows how the sample size was
determined.

Procedure for data collection
Two days of intensive training was provided for the data
collectors and supervisors to familiarize them with the
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Table 1 Determination of sample size
Independent
variable

Percent
exposure

Calculated
sample size

No separate
kitchen
Family history
of TB
.10 adults per
room in household
Total

Controls, 4.8%
Cases, 20.6%
Controls, 10%
Cases, 24%
Controls, 5%
Cases, 12%

168 (56:112)

Total sample
(allowing 10%
nonresponse)
185

270 (90:180)
297
591 (197:394)
655

Abbreviation: TB, tuberculosis.

questionnaire, consent form, ethical clearance, and the
aim of the study. The questionnaires were gone through
question by question, with instruction provided on the
art of interviewing and data collection. The data were
collected by face-to-face interview using the structured
questionnaire after it had been pretested in 5% of the
total sample at another kebele to determine whether it
was easily understood or not. The questionnaire was first
prepared in English and translated into the local language
(Amharic) for data collection and translated back to English
for consistency. The data were collected by nine diploma
nurses and supervised by two BSc nurses and the principal investigator. Materials like a meter, weight scale, and
MUAC tape were used to assess the nutritional status of
the respondents at the field level. Height and weight were
usually used to calculate body mass index for males, while
the MUAC tape was used for females.

Selection of cases
Cases were recruited from patients who had been on
follow-up treatment at the DOTS clinics in the district.

Selection of controls
Two control households in the community were selected from
the five dwellings to the immediate left and right of each case
household. For each case, two healthy controls were randomly
selected. First two household one from right and the other from
left direction among the first five immediate neighborhood of
the case’s household were randomly selected. After explaining the aim of the study to the members of each selected
household, one healthy control was selected at random using
a lottery method. If the head of the household refused to take
part in the study, the procedure was repeated to select another
household in the neighborhood. Information was collected
from cases and controls on a wide range of potential environment and host-related determinants for TB.
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Quality assurance
A structured questionnaire was used to keep the quality of
data standardized. The questionnaire was first pretested on 33
(5%) of the study participants for accuracy and consistency
and to avoid unclarity prior to actual data collection in the
neighboring woreda, Negade Bahir (the pilot area). During
this period, the data collectors received daily feedback from
the supervisor and principal investigator before starting the
actual data collection. The completeness, accuracy, and clarity of the collected data were checked carefully. The data were
double-entered into EPI Info version 3.5.1 to check for quality, consistency, and completeness, then exported to Statistical
Package for the Social Sciences version 20 software (SPSS
Inc., Chicago, IL, USA) for analysis.

Data analysis
Completed questionnaires were categorized into cases (with
TB) and controls (without TB). The data were then entered
into Epi Info version 3.5.1 software. The strength of associated variable was determined using the odds ratio with the
95% CI. Further analysis was also performed using binary
logistic regression with Statistical Package for the Social
Sciences version 20 software to assess the relative effect of
possible explanatory variables on the outcome variable by
controlling the effect of confounders. A multivariate analysis
model was run by selecting only those variables that appeared
to be statistically significant (P,0.2) in the bivariate analysis,
and reported in the results of this study.

Ethical considerations
The study was reviewed and approved by the institutional
review board, University of Gondar, Ethiopia. Data were
collected after informed consent was obtained from each
study subject. Individual records were coded and accessed
only by research staff.

Variable
Marital status
Single
Married
Divorced/widowed
Education
 Illiterate
Primary
 Secondary
and above
Religious status
Orthodox
Muslim
Occupational status
Housewife
Farmer
Daily laborer
 Government
employee
Monthly income, Birr
,525
525–1,400
.1,400

Cases

Controls

Total

57 (26.1%)
135 (61.9%)
26 (11.9%)

87 (19.9%)
306 (70.0%)
44 (10.1%)

144 (22%)
441 (67.3%)
70 (10.7%)

110 (505%)
65 (29.8%)
33 (15.1%)

107 (24.5%)
158 (36.2%)
141 (32.3%)

217 (33.1%)
223 (34.0%)
215 (2.8%)

173 (79.5%)
45 (20.6%)

390 (89.2%)
47 (10.8%)

563 (86%)
92 (14.0%)

104 (23.8%)
98 (22.4%)
160 (45.9%)
46 (21.1%)

104 (23.8%)
98 (13.3%)
100 (36.6%)
75 (17.2%)

133 (20.3%)
141 (21.5%)
260 (100%)
655 (100%)

26 (11.9%)
129 (48.3%)
63 (28.9%)

14 (3.2%)
212 (48.5%)
211 (48.3%)

40 (6.1%)
341 (52.1%)
274 (41.8%)

(24.0%) remaining controls had more than one household in
the compound. Most of the respondents (339 [51.8%]), comprising 145 (66.5%) cases and 194 (44.4%) controls, lived
in a household containing up to four family members, while
the rest (316 [48.2%]), comprising 73 (33.5%) cases and
243 (55.6%) controls, lived in a household containing more
than four family members. The majority (548 [83.7%]) of
respondents, comprising 162 (74.3%) cases and 386 (88.3%)
controls, had no previous history of TB, while the rest (107
[16.3%]), comprising 56 (25.7%) cases and 51 (11.7%)
controls did, had a history of TB (Table 3).

Behavioral factors

A total of 655 subjects (218 cases and 437 controls) participated in the study, giving a response rate of 100%. Of
these respondents, 388 (59.2%) were male and 267 (40.8%)
were female. The mean age was 34.64±11.29 years and
33.33±10.12 years for cases and controls, respectively
(Table 2).

The majority of respondents (547 [83.5%]), comprising 183
(83.9%) cases and 364 (83.3%) controls, had never smoked
cigarettes, while 108 (16.5%), comprising 35 (16.1%) cases
and 73 (16.7%) controls, had smoked cigarettes. The majority of respondents (505 [77.1%]), comprising 164 (75.2%)
cases and 341 (78.0%) controls, were able to eat three and
more times per day, while the rest (150 [22.9%]), comprising
54 (24.5) cases and 96 (22.0%) controls, could eat two and
fewer times per day.

Environmental determinants

Host-related determinants

Of the 218 cases and 437 controls, 181 (80.3%) and 332
(76.0%) respondents, respectively, had only one household
in the compound, while 43 (19.7%) remaining cases and 105

The majority of respondents (378 [58%]), comprising 105
(54%) cases and 273 (62%) controls, had normal nutritional
status, while 207 (32%), comprising 64 (29%) cases and

Results
Sociodemographic variables
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Table 3 Environmental conditions of study participants according
to health status
Variables

Frequency/%
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Cases (n=218)
n=33.3%
Adult respondents (n)
1–5
182 (28%)
6–10
33 (5%)
3 (0.45%)
.10
Rooms (n)
1
148 (23%)
2–4
70 (11%)
0 (0%)
.4
Residence
Urban
103 (47.1%)
 Rural
87 (39.9%)
Slum
28 (12.8%)
TB contact history
Yes
147 (67%)
 No
71 (33%)
House types
Thatched
67 (31%)
 Corrugated
151 (69%)
Floor types
 Cement/
93 (43%)
concrete
 Earth/not
125 (57%)
cemented
Ceiling
Yes
23 (32%)
 No
195 (89%)
Wall types
Bricks
10 (5%)
Mud
208 (95%)
Electricity
Yes
90 (41.3%)
 No
128 (58.7%)
Water source
Protected
89 (40.8%)
 Not
129 (59.2%)
protected
Latrine
Yes
80 (36.7%)
 No
138 (63.3%)
Waste disposal system
 Inside the
161 (73.9%)
compound
 Outside the
57 (26%)
compound
Animal manure
Yes
124 (57%)
 No
94 (43%)
Wood utilization
Yes
6 (3%)
 No
212 (97%)

Total
Controls (n=437)
n=66.7%
422 (64%)
15 (2%)
0 (0%)

604 (92%)
48 (7%)
3 (0.45%)

178 (27%)
257 (39%)
2 (0.05%)

326 (49.8%)
327 (49.9%)
2 (0.3%)

276 (63.2%)
153 (70.2%)
8 (1.8%)

379 (60.6%)
240 (36.6%)
36 (5.5%)

83 (19%)
354 (81%)

230 (35%)
425 (65%)

40 (9%)
397 (91%)

107 (16%)
548 (84%)

357 (82%)

450 (69%)

80 (18%)

205 (31%)

130 (30%)
307 (70%)

153 (23%)
502 (77%)

46 (11%)
391 (89%)

56 (9%)
599 (91%)

370 (84.7%)
67 (15.3%)

460 (70.2%)
195 (29.8%)

351 (80.2%)
86 (19.8%)

440 (67.2%)
215 (32.8%)

413 (95%)
24 (5%)

493 (75.3%)
162 (24.7%)

210 (48%)

371 (57%)

227 (52%)

284 (43%)

346 (79%)
91 (21%)

470 (72%)
185 (28%)

44 (52%)
393 (90%)

50 (8%)
605 (92%)

Abbreviation: TB, tuberculosis.

143 (33%) controls, were classified as having moderate
malnutrition, while the remainder (70 [11%]), comprising
49 (22%) cases and 21 (5%) controls, were classified as having severe malnutrition. Of the total number of respondents
who participated in the study (652 [99.05%]), 216 (99.08%)
Drug, Healthcare and Patient Safety 2015:7

cases and 436 (99.8%) controls did not have diabetes mellitus
disease/disorder, while the remainder (three [0.5%]), comprising two (0.3%) cases and one (0.2%) control, did have
diabetes mellitus disease/disorder.
Bivariate logistic regression identified that age, sex,
educational status, income, number of adults in household,
family size, room size per person, history of TB, presence of
a separate kitchen, contact history, marital status, religion,
house with a ceiling, a floor in the house, a house with a
window, a latrine, ventilation, cigarette smoking, alcohol
consumption, and meal frequency had a significant association with the outcome variable (Table 4). Multivariate logistic
regression identified that educational status, family size, room
size per person, history of previous TB, presence of a separate
kitchen, contact history, house with a ceiling, house with a
floor, and house with a window had a significant association
with the outcome variable (Table 5).

Discussion
This community-based unmatched case-control study investigated determinants of TB in a healthy adult community
and in TB patients from the DOTS clinic in Metema district,
north-west Ethiopia. Among the sociodemographic variables,
educational status and family size showed a significant
association with TB when tested in a multivariate model.
Our findings showed that people who were illiterate were
four times more likely to develop TB than those who had a
secondary or higher level of education (adjusted odds ratio
[AOR] 3.65, 95% CI 2.31–5.76). Other studies performed
in south-west Ethiopia, South India, and rural Bangladesh
have also reported that illiterate people are more likely to
develop the disease than those with higher education.11–13
This might be because literate people have a better quality of
life relative to those who are illiterate, and this may decrease
the risk of developing the disease. Household family size
also had an impact on risk of transmission of pulmonary
TB. We identified that people living with more than four
family members per household were three times more likely
to develop pulmonary TB than those living with fewer than
four family members per household (AOR 3.09, 95% CI
2.07–4.61). This is in agreement with a study conducted in
Bissau which found that people living in households containing more than four family members had a greater chance of
developing TB than those households containing fewer than
four family members.14 This might be due to overcrowded
rooms increasing the risk of transmission of TB.
Among the potential environmental determinants of TB,
room space/area per person, location of kitchen, history of
contact with TB, ceiling of the house, and availability and
submit your manuscript | www.dovepress.com
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All cases vs healthy population

Age, years
18–24
25–44
$45
Sex
Male
Female
Marital status
Single
Married
Divorced/widowed
Religion
Orthodox
Muslim
Educational status
 Illiterate
Primary
Secondary or above
Monthly income
 Low
Medium
High
Environmental characteristics
Adults in the HH
#2 adults per HH
.2 adults per HH
Space per person
#4 m2 living space per person
.4 m2 living space per person
History of TB
Yes
 No
Type of kitchen
Separated
 Not separated
 No kitchen
History of contact
Yes
 No
Flooring
 Cement
 Not cement
Ceiling
Yes
 No
Windows
 No window
1 window
.1 window
Latrine
Yes
 No
Artificial ventilation
Yes
 No

Cases
(TB patients)

Controls
(population)

COR
(95% CI)

45 (20.6%)
124 (56.9%)
49 (225%)

87 (19.9%)
295 (67.5%)
55 (12.6%)

1
0.813 (0.536, 1.233)
1.722 (1.017, 2.918)*

149 (68.3%)
69 (31.7%)

239 (54.7%)
198 (45.2%)

1.789 (1.271, 2518)**
1

57 (26.1%)
135 (61.9%)
44 (10.1%)

87 (19.9%)
306 (70.0%)
26 (11.9%)

1
0.673 (0.456, 0.995)*
0.902 (0.501, 1.625)

173 (79.4%)
45 (20.6%)

390 (89.2%)
47 (10.8%)

2.158 (1.381, 3.372)**

105 (48.2)
6931.7%)
44 (20.2%)

108 (50.7%)
157 (35.9%)
172 (39.4%)

3.801 (2.481, 5.821)***
1.718 (1.111, 2.656)*
1

26 (11.9%)
129 (59.2%)
63 (28.9%)

14 (3.2%)
212 (48.5%)
211 (48.3%)

6.220 (3.064, 12.627)***
2.038 (1.427, 2.911)***
1

73 (33.5%)
145 (66.5%)

243 (55.6%)
194 (44.4%)

2.488 (1.773, 3.491)***

139 (63.8%)
79 (36.2%)

167 (38.2%)
270 (61.8%)

5.798 (4.042, 8.315)***

168 (77.1%)
168 (77.1%)

66 (15.1%)
371 (84.9%)

1.673 (1.110, 2.521)*

80 (36.7%)
54 (24.8%)
84 (38.5%)

304 (69.6%)
36 (8.2%)
97 (22.2%)

5.700 (3.498, 9.289)***
3.291 (2.246, 4.822)***

56 (25.7%)
162 (74.3%)

171 (39.1%)
266 (60.9%)

1.673 (1.110, 2.521)
1

33 (15.1%)
185 (84.9%)

118 (27.0%)
319 (73%)

0.482 (0.315, 0.739)**

91 (417%)
127 (58.3%)

117 (26.8%)
320 (26.*%)

1
1.960 (1.391, 2.760)***

113 (51.8%)
83 (38.1%)
22 (10.1%)

110 (25.2%)
213 (48.7%)
114 (26.1%)

5.323 (3.144, 9.012)***
2.019 (1.198, 3.404)**
1

89 (40.8%)
129 (59.7%)

413 (94.5%)
24 (5.5%)

24.942 (15.246, 40.805)**

118 (54.1%)
100 (45.9%)

284 (65%)
153 (35%)

1.573 (1.130, 2.190)**

AOR
(95% CI)

(Continued)
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Table 4 (Continued)
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All cases vs healthy population

Behavior-related characteristics
Cigarette smoking
 No
Past
Yes
Alcohol drinking
Yes
 No
Meal frequency
,3 times per day
$3 times per day
Nutritional status
Severe
Moderate
 Normal

Cases
(TB patients)

Controls
(population)

COR
(95% CI)

91 (41.7%)
91 (41.7%)
36 (16.5%)

375 (85.8%)
32 (7.3%)
30 (6.9%)

1
11.719 (7.373, 18.626)***
4.945 (2.893, 8.451)***

179 (82.1%)
39 (17.9%)

268 (61.3)
169 (38.7%)

1
0.346 (0.232, 0.514)***

149 (68.3%)

101 (23.1%)

7.184 (5.003, 10316)*

69 (31.7%)

336 (76.9%)

25 (11.5%)
75 (34.4%)
118 (54.1%)

30 (6.9%)
152 (34.8%)
255 (58.4%)

AOR
(95% CI)

1.801 (1.014, 3.197)*
1.066 (0.750, 1.517)
1

Notes: *P,0.05; **P,0.001; ***P#0.000.
Abbreviations: AOR, adjusted odds ratio; COR, crude adjusted odds ratio; CI, confidence interval; TB, tuberculosis; HH, household.

Table 5 Summary of multivariate logistics analysis for determinants associated with TB
Variable

Sociodemographic determinants
Educational level
 Illiterate
Primary
Secondary or above
Family members per HH
#4
.4
Environmental determinants
Room space per person (m2)

All cases vs healthy population
Cases
(TB patients)

Controls/
population

COR
(95% CI)

AOR
(95% CI)

75 (34.4%)
65 (29.8%)
78 (35.8%)

285 (65.2%)
63 (14.4%)
89 (20.4%)

3.33 (2.24, 4.95)***
0.85 (0.54, 1.35)
1.0

3.65 (2.31, 5.76)***
1.00 (0.59, 1.72)

145 (66.5%)
73 (33.5%)

194 (44.4%)
243 (55.6%)

1.0
2.49 (1.77, 3.49)***

1.0
3.09 (2.07, 4.61)***

79 (36.2%)

270 (61.8%)

2.85 (2.03, 3.98)***

3.11 (2.09, 4.63)***

$4
Kitchen
 None
 Not separated
Separated
Contact history
Yes
 No
Ceiling
Yes
 No
Windows

139 (63.8%)

167 (38.2%)

1.0

1.0

69 (31.7%)
44 (20.1%)
105 (48.2%)

157 (35.9%)
172 (39.4%)
108 (24.7%)

2.21 (1.50, 3.27)***
3.80 (2.48, 5.82)***
1.0

1.75 (1.11, 2.78)***
3.27 (1.99, 5.35)***
1.0

56 (25.7%)
162 (74.3%)

171 (39.1%)
266 (60.9%)

1.86 (1.30, 2.66)***
1.0

2.05 (1.35, 3.12)**
1.0

145 (66.5%)
73 (33.5%)

194 (44.4%)
243 (55.6%)

1.00
2.49 (1.77, 3.91)***

1.0
1.46 (1.07, 2.21)**

.1
1
 None

113 (51.8%)

110 (25.2%)

1.00

1.00

22 (10.1%)
83 (38.1%)

114 (26.1%)
213 (48.7%)

5.32 (3.14, 9.01)***
2.64 (1.83, 3.79)***

1.91 (1.25, 2.92)**
4.42 (2.46, 7.95)***

,4

Notes: **P#0.02; ***P,0.001.
Abbreviations: HH, household; AOR, adjusted odds ratio; COR, crude adjusted odds ratio; CI, confidence interval; TB, tuberculosis.
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number of windows showed a significant association with TB
on multivariate logistic regression. People with a personal living space of less than 4 m2 were almost three times more likely
to be infected with TB than those with a larger personal living
space (AOR 3.11, 95% CI 2.09–4.63). Again, these findings
are consistent with those in the report from Bissau,14 and could
reflect the fact that a decreased personal living space indicates
overcrowding and poor air circulation.
The likelihood of people who do not had kitchen and
those with kitchen but not separated from the living room
develop TB was (AOR 3.27, 95% CI 1.99–5.35) and (AOR
1.75, 95% CI 1.11–2.78) times more likely to develop TB
when compared with those who have separated or open
kitchen. This finding is consistent with a study from rural
Bangladesh reporting that people who live in households
without a separate kitchen were (AOR=3.66) times more
likely to develop TB than those who had a separate kitchen.13
This might be because use of the main living area as a kitchen
increases exposure to dust and gaseous particles that increase
the prevalence of TB.
We also found that people who had a history of contact
with TB patients had a twofold increased risk of contracting
TB than those with no contact history (AOR 2.05, 95% CI
1.35–3.12). This finding is in line with other reports from
south-west Ethiopia, West Africa, Gambia, South India,
Thailand, and rural Bangladesh with regard to factors associated with pulmonary TB.11–13,15–18
Another environmental determinant that showed a significant association with TB was whether there was a ceiling
in the house. People living in a house without a ceiling were
1.46 times more likely to develop TB than those living in a
house with a ceiling (AOR 1.46, 95% CI 1.07–2.21). This
finding is similar to that of a study done in Gambia, which
reported that living in a house without a ceiling was associated with a twofold increased risk of developing TB (AOR
2.27, 95% C1.07–4.83).16 This might be because a room with
a ceiling might have result high refraction power of radiation than room without ceiling. So the radiation will kill the
causative agent of TB which might be found suspended in
the room.
Multivariate analysis also showed that the availability
and number of windows in the house was associated with
TB, ie, the likelihood of developing TB in a house without a
window or with only one window was increased by 2.0 and
4.4 times, respectively, when compared with living in a house
with more than one window. This finding is in agreement
with the report from Bissau (AOR 4.42, 95% CI 2.46–7.95)
and (AOR 1.91, 95% CI 1.25–2.92),14 possibly reflecting the
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fact that ventilation removes the organism that causes TB if
it is present in the room.

Study strengths
The present study assessed the socioeconomic, sociodemographic, environmental, behavioral, and host-related
characteristics of TB patients and healthy controls living in
the community. Identifying the most important risk factors
for TB may allow more effective allocation of our limited
resources. Multiple factors were considered in this study, and
were analyzed using a multiple logistic regression model.
This technique helped to control mediating and potentially
confounding factors, and identified the most important risk
factors for appropriate intervention.

Study limitations
This study has all the drawbacks associated with a casecontrol design. An important limitation was lack of confirmation of the participants’ HIV status because data were
collected from their dwellings, where it was difficult to
integrate HIV testing into the data collection process. The
other main limitation is that the controls were recruited from
neighbors of cases, so their TB status could be assessed only
by history of cough, with no laboratory confirmation.

Conclusion
Family size in the household, educational status, room space,
history of contact with TB, number of windows, location of
kitchen, and existence of a ceiling were the major factors
associated with risk of developing TB. To reduce the transmission of TB, we recommend that the kitchen should be
separate from the main living room and that houses should
have a ceiling and more than one window. Cigarette smoking contributes to transmission of TB, so should be avoided.
Coinfection with HIV, helminth burden, and malnutrition is
important for TB control and prevention, and further research
is needed in TB coinfection with HIV, helminth burden, and
malnutrition is important for TB control and prevention.
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