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Abstract: Background: There is limited information regarding tuberculosis (TB) in prisons in Ethiopia. Therefore, the
purpose of the present study was to estimate the prevalence of pulmonary tuberculosis in prisons and assess associated risk
factors among inmates suspected for pulmonary tuberculosis in Gamo Goffa Zone, Southern Ethiopia. Methods: A cross-
sectional study design was used to recruit 124 inmates in Gamo Goffa Zone, Southern Ethiopia, between November 1 and
March 3, 2011. During the study period there were a total of 3817 prisoners in the three prisons of the study Zone. Inmates
were eligible for the study if they had cough for more than or equal to two weeks during the study period. Structured
questionnaire was used to collect data on risk factors of pulmonary tuberculosis. Sputum samples were collected from
suspected inmates and examined using sputum smear microscopy and culture on Lowenstein-Jensen media. Results: The
prevalence of pulmonary TB among inmates who had cough for at least 2-weeks was 19.4% (24/124). Extrapolation of the
finding implies that there were 629 pulmonary tuberculosis cases during the survey period per 100,000 prisoners. Smoking,
previous history of treatment for pulmonary tuberculosis, poor ventilation of the cell, cough for more than four weeks
before diagnosis and decreased body mass index were significantly associated with increased odds of being positive for
pulmonary tuberculosis. Conclusion: The estimated prevalence of pulmonary tuberculosis was about 8 folds higher than its
counterpart in the community which was in line with the findings of previous studies in Ethiopia. This implies the need for
tuberculosis control measures to be targeted on factors driving tuberculosis in southern Ethiopia: improving ventilation
status of cells in prisons, monitoring nutritional status of prisoners and restricting access to smoking.
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countries [1, 5]. The number of TB cases in prisons
constitutes the major proportion of the national burden of the
disease [6].

The estimated prevalence of PTB in prisons was several
folds higher than that in the general community [7]. For
example, in prisons of Zambia, the magnitude of PTB was

1. Background

Tuberculosis (TB) is an airborne, infectious disease caused
by bacteria of the genus Mycobacterium. It continues to be a
major public health problem in the worldwide [1]. One-third
of the world population was infected by Mycobacterium but > X X
only 10% were predicted to be sick with active TB [2-4].  More than 10 times that in the general population [8]. In
Every year, more than 9 million people are suffering from Rgssm more than half of new Ilathl’l?l TB cases occur in
active TB which can spread to others while coughing, talking, ~ PSOnS [6]. Moreover, prisons play significant role in th.e
sneezing, spiting and singing [1]. Mortality and morbidity epidemiology of MDR-TB, defined as M. tuberculosis

due to TB are more common in developing countries: 95% resistant to at least isoniazid and rifamicin. This fact
of TB cases and 98% of TB related deaths occur in such  threatens TB control in prisons because of high treatment
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failure and death rates, and complexities in diagnosis and
treatment [9, 10].

TB propagates in prisons because prisons concentrate TB,
disseminate TB, make TB worse and prisons export TB
[11]. Some of the factors which fuel the transmission of TB
within prisons include high representation of people from
low socioeconomic backgrounds, high rates of substance
abuse, underlying poor health or nutrition, overcrowding,
poor hygiene and inadequate ventilation. There are prisons
where inmates cured of PTB choose to remain in the cells
with active TB so as to avoid the worst of the disparate
overcrowding elsewhere [12, 13].

There is limited information about TB in prisons in
Ethiopia. Previous studies in Ethiopia reported the
prevalence of PTB as 1913 and 1482 per 100, 000 prisoners
in Eastern and North Ethiopia respectively [14,15].
However, the findings from these studies cannot represent
the situation in Ethiopia since the country is the most
diversified in terms of population and geography. Thus,
there is need to accurately define specific factors driving
TB and the prevalence of the problem in prisons of Gamo
Goffa Zone. Gamo Goffa is one of the 14 zones in South
Nations Nationalities and People’s Regional state (SNNPR)
and its administrative center is Arba Minch Town. Based on
the 2007 national Census Gamo Goffa Zone has a total
population of 1,593,104, of whom 793,322 were men and
799,782 were women; with an area of 11,010.99 square
kilometers [16]. During the study period there were three
prisons in the zone. Study participants to answer the
question under study were recruited from these three
prisons.

2. Materials and Methods

2.1. Study Design and Recruitment of Participants

A cross-sectional study design was used to collect
information required to answer the research question under
investigation. There were 3817 inmates in the three prisons
between November 1, 2011 and March 3, 2012 and all
inmates were eligible for the study. Most of the detainees
spend the day time on different developmental activities
making access to each prisoner difficult if not impossible
during the day time. Hence, health committee members,
present in each cell, were given an assignment of recruiting
inmates into the study. They were oriented on to recruit
inmates who had cough to the prison clinics. The prison
clinic health workers interviewed inmates who had cough
more than or equal to two weeks. Three eligible inmates for
interview from prison three failed to produce sputum
specimen and thus were not included in the study. Hence,
124 inmates willing to participate, interviewed and
submitted sputum specimen were participants of the current
study.

2.2. Sputum Collection and Processing

Three sputum specimens were collected from every

consenting TB suspect using coded and sterile plastic
containers by laboratory personnel according to WHO
guidelines [17]. Portion of the collected specimen was used
for direct smear microscopy immediately and the remaining
portion was stored at 4 °C in refrigerator until transported
for culture. The stored portions of three sputum samples of
each inmate were pooled in one container, transported
using ice box within seven days of the sample collection to
the culture laboratory and subjected to digestion and
decontamination using equal volume of 4% w/v sodium
hydroxide. Sodium hydroxide eliminates organic debris and
the unwanted normal flora. After centrifugation for 15
minutes at 3000 RPM the supernatant was decanted and the
sediment was resuspended. Sodium hydroxide treated
specimen was neutralized by 2N Hydrochloric acid by
using Red phenol as an indicator. Each sputum specimen
was inoculated both on LJ glycerol and pyruvate based
media. The inoculated culture media was then incubated at
37° C up to 8 weeks and assessed weekly for growth of
Mycobacterium. The growth of Mycobacterium was
confirmed by colony characteristics and culture smear [17].

2.3. The Questionnaire

A structured questionnaire was used to collect data on
risk factors of TB from the study participants. The
questionnaire had sections on socio-demographics,
behaviors of study participants, situation of prison and
morbidity related factors. The questionnaire was prepared
in English, translated into local languages and then back
translated to English to check accuracy.

2.4. Statistical Analysis

All completed questionnaires were checked for
completeness before computerizing the data using EpiData
version 3.1 software. After exporting the computerized data
into STATA version 11, frequencies and results from cross-
tabulations were used to monitor transcription errors.
Logistic regression and fisher’s exact test were used as
appropriate to assess association between independent
variables and PTB positivity. Variables for multivariable
logistic regression were selected based on statistical
significance in univariable logistic regression. Odds ratio
and corresponding 95% confidence intervals were used to
quantify the degrees of association between target potential
risk factor and PTB positivity. Results with p-value less
than 0.05 were considered as being statistically significant.

2.5. Ethical Considerations

The study protocol was approved by research ethics
review committee of ALIPB before commencement of the
study (Reference number of the approval Iletter:
IRB/1/2011-2012). Permission to conduct the research was
obtained from prison authorities after giving them
recommendation letter written by ALIPB. An informed
consent was obtained from the study participant before
collecting specimen and interviewing.
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3. Results

3.1. Socio Demographic and Behavioral Factors

During the study period there were 3817 prisoners in the
three prisons of Gamo Goffa Zone (1863 in prison 1, 640 in
prison 2 and 1314 in prison 3) and 97.1% of the inmates
were males. After screening the whole prison inmates for
having cough for at least 2-weeks, 124 inmates were
recruited into the current study. Except two females

recruited from prison 3, all the study participants were male.

Prevalence of suspected inmates for PTB was 3.2%
(95%CI: 2.7% to 3.8%) and bacteriologically confirmed
PTB among suspected inmates was 19.4% (95%CI: 12.8%
to 27.4%). Extrapolating the current result to 100,000
prisoners brings the prevalence of PTB to 629 per 100,000

prisoners.

Age of the study participants ranges from 18 to 95 years
and its distribution is skewed to the right with the median
age of 28 years. Among the study participants 54.8% were
married, 40.3% were unable to read and write, 86.3% were
residents of rural area and 37.1% smoked cigarette in their
life time for an average of 12.5 years (sd = 10.4 years). Of
the study participants who had ever smoked cigarette,
45.6% continued to smoke and on average they smoke 4.4
cigarettes (standard deviation of 4 cigarettes) per day. In
univariable and multivariable analysis none of the socio
demographic and behavioral factors were significantly
associated with being positive for active PTB with the
exception of smoking (Tables 1 and 4).

Table 1. Association of socio-demographic and behavioral factors of inmates and PTB among prisoners of Gamo Goffa Zone, N=124.

Factors No. (%) evaluated No. (%) positive Crude OR(95%CI) P_value
Age (in years)

15-24 52(41.9) 9(17.3) Reference

25-34 21(16.9) 4(19.0) 1.12(0.30-4.14) 0.860
35-44 18(14.5) 4(22.2) 1.36(0.36-5.13) 0.645
>44 33(26.6) 7(21.2) 1.29(0.43-3.87) 0.654
Marital status* 1.000
Single 48(38.7) 8(16.7) Reference 0.362
Married 68(54.8) 13(19.1) 1.18(0.45-3.12

Others 8(6.45) 3(35.5) 3(0.59-15.16)

residence place before incarceration 0.848
Rural 107(86.3) 21(19.6) Reference

Urban 17(13.7) 3(17.6) 0.88(0.23-3.33)

Occupation before imprisonment* 0.236
Student 16(12.9) 4(25.0) Reference

Farmer 89(71.8) 19(21.3) 0.81(0.24-2.81)

Self employed 19(15.3) 1(5.3) 0.17(0.2-1.68)

Level of Education* 0.6
Uneducated 50(40.4) 12(24.0) Reference

Primary 52(41.9) 9(17.3) 0.66(0.25-1.74)

Secondary& above 20(17.7) 3(13.6) 0.50(0.12-1.99)

Have you Ever smoke Cigarette? 0.028
Yes 46(37.1) 4(8.7) 3.62(1.15-11.37)

No 78(62.9) 20(25.6) Reference

* P-value computed using Fisher exact test; OR = odds ratio; CI= confidence interval

3.2. Prison Related Factors

On average, there were 116 inmates per cell in the study
prisons, which is equivalent to about one inmate per square
meter of a cell. Duration of stay in the current prison was
positively skewed with the median of 15 months. All cells
in the three prisons had window. Seven of the study

participants reported that windows of their cells are always
closed. Inmates staying in cells where windows were open
sometimes or always had significantly decreased risk to
have active PTB as compared to those staying in cells
where windows were closed at all times. Majority of the
study participants (57.3%) reported having food support
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from their families with an average frequency of 1.5 times
per month (Table 2 and Table 4).

Table 2. Association of prison related factors of inmates and PTB among prisoners of Gamo Goffa Zone, N=124.

Factors No (%) evaluated No(%) positive Crude OR(95%CI) P_value
Prison code

One 85(68.5) 12(14.1) Reference

Two 15(12.1) 5(33.3) 3.04(0.88-10.46) 0.077
Three 24(19.4) 7(29.2) 2.50(0.86-7.31) 0.093
Ventilation status of cell

Window closed at all time 7(5.6) 5(71.4) Reference

Window open sometimes 90(72.6) 15(16.7) 0.08(0.01-0.45) 0.004
Window open always 27(21.8) 4(14.8) 0.07(0.01-0.49) 0.007
Have you Food support from family? 0.564
Yes 71(57.3) 15(21.1) 1.31(0.52-3.27)

No 53(42.7) 9(17.0) Reference

Did you Shared cell with PTB patient? 0.900
No 84(67.7) 16(19.0) 0.94(0.36-2.43)

Yes 40(32.3) 8(20.0) Reference

* P-value computed using Fisher exact test; OR = odds ratio; CI= confidence interval

In the current study, mean number of previous history of
incarceration for study participants in prisons other than
where they were incarcerated during the study period was
1.3 times (minimum of 1 and maximum of 3). Of the six
prisoners with previous history of incarceration in other
prisons, one was incarcerated three times and the rest were
incarcerated once. The average length of stay in these
prisons was 23.2 months. Forty of the study participants
had history of sharing the same cell with PTB cases and
40.3% had history of sharing the same cell with chronically
coughing inmates. Duration of stay in the same cell with
PTB cases and with chronically coughing inmates was
skewed to the right with the median of 5 months for
chronically coughing and 6.5 months for PTB cases.

3.3. Morbidity Related Factors

Seventy two percent (89/124) of the study participants
received treatment for the symptoms that they were feeling
during the survey period (Table 4). The main reasons
forwarded by those who were not treated was that it was
self limited, the health committee of the prisons did not let
them to visit clinic unless they were severely ill and bed
ridden and lack of awareness about the disease. Twenty
three study participants had previous history of treatment
for PTB and 9 of them had PTB before incarceration.
Inmates who had previous history of PTB had 6.6 times
increased odds of developing active PTB compared to
those who had not (Table 4). All participants who suffered
from active PTB previously completed their treatment
except one. Body mass index (BMI) was another factor
significantly associated with active PTB.

Table 3. association of morbidity related factors of inmates and PTB among prisoners of Gamo Goffa Zone, N=124.

Factors No. (%) evaluated No.(%) positive Crude OR(95%CI) P_value
Duration of cough before diagnosis 0.007
2-4 weeks 68(54.8) 7(10.3) Reference

>4 weeks 56(45.2) 17(30.4) 3.80(1.44-10.00)

Have you Received treatment for current complaint? 0.068
Yes 89(71.8) 21(23.6) Reference

No 35(28.2) 3(8.6) 0.30(0.08-1.09)

How many times you visited clinic for complaint? 0.163
1-3 times 58(65.2) 11(19.0) Reference

>3 times 31(34.8) 10(32.3) 2.03(0.75-5.52)

TB symptoms before admission to prison? 0.120
No 81(65.3) 19(23.5) Reference

Yes 43(34.7) 5(11.6) 0.43(0.15-1.24)

Are you Previously diseased (PTB)? 0.002
No 101(81.4) 14(13.9) Reference

Yes 23(18.5) 10(43.5) 4.78(1.76-12.98)

Have you contact with TB patient at home?* 0.359
Yes 20(16.1) 2(10.0) Reference

No 104(83.9) 22(21.1) 2.41(0.52-11.20)

BMiI(kg/m?) 0.018
<18.5 10(8.1) 5(50.0) Reference

>18.5 114(91.9) 19(16.7) 0.2(0.05-0.76)

* P-value computed using Fisher exact test; OR = odds ratio; CI= confidence interval
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Table 4. predictors of active PTB among prisoners of Gamo Goffa Zone, N=124

Factors No.tested (%) No. positive (%) Adjusted OR(95%CI) P_value
Have you Ever smoke Cigarette? 0.021
Yes 46(37.1) 4(8.7) 4.90(1.27-18.90)

No 78(62.9) 20(25.6) Reference

Ventilation status of cell

Window closed at all time 7(5.6) 5(71.4) Reference

Window open sometimes 90(72.6) 15(16.7) 0.05(0.01-0.37) 0.004
Window open always 27(21.8) 4(14.8) 0.05(0.00-0.48) 0.010
Duration of cough before diagnosis 0.025
2-4 weeks 68(54.8) 7(10.3) Reference

>4 weeks 56(45.2) 17(30.4) 3.93(1.19-12.95)

Are you Previously diseased (PTB)? 0.002
No 101(81.4) 14(13.9) Reference

Yes 23(18.5) 10(43.5) 6.56(1.98-21.71)

BMiI(kg/m?) 0.036
<18.5 10(8.1) 5(50.0) Reference

>18.5 114(91.9) 19(16.7) 0.15(0.03-0.88)

BMI of the study participants was normally distributed
with the mean of 21.5 kg/m* (95% CI of 21.1- 21.9kg/m’)
indicating that most detainees were in the normal range of
nutritional status (i.e. 8.1% were underweighted, 85.5%
well nourished and 6.4% were over weighted). However,
the mean BMI of patients with active PTB was
significantly lower than the mean BMI of patients without
active PTB (17.4 kg/m2 versus 21.9 kg/m?; p-value = 0.009)

4. Discussion

In the current cross-sectional study the prevalence of
confirmed PTB among the TB suspected inmates in Gamo
Goffa Zone was 19.4% (24/124. The risk factors identified
for PTB were previous history of anti-PTB treatment,
living in a cell where windows remain continuously closed,
decreased body mass index, having cough for more than 4
weeks before diagnosis or initiation of treatment and habit
of smoking cigarette.

Extrapolation of the current finding indicates that the
prevalence of PTB in prisons of the study area was about 8-
folds higher than the prevalence in the general community
in southern Ethiopia [18]. It indicates an increased
transmission of TB which could lead to outbreak in the
prisons unless immediate action is taken [19].The
prevalence of pulmonary TB in the study population is in
consistent with the findings of studies in Bangladesh,
Zambia and central prisons in Pakistan [19, 20, 21] while
other studies from district prisons of Pakistan, jail of
Lahore Malawi, reported significantly lower prevalence [22,
23]. The prevalence of suspected inmates for pulmonary
TB (24/3817, 0.6%) is lower than previously reported
symptom based prevalence in prisons of Eastern Ethiopia
[14] and Northern Ethiopia [15]. This might partly be
explained by lower prevalence of HIV infection (1.7% in
adult population) in the south Ethiopia from where the
detainees enter in to the prisons [24].

In the current study frequency of PTB cases was higher
among male detainees than among female detainee. Large
number of male PTB cases in this study might have been

resulted from crowding of detainees in male cells (average
of 118 male inmates per a cell but maximum of 20 female
inmates per a cell) besides the negative effect of poor
ventilation. This was consistent with the scenario that
overcrowding predisposes to PTB [12].

In agreement with most previous studies, smoking was
significant risk factor of PTB in the current study. In Russia
majority of the detainees had started to smoke early in their
life. The findings of two studies in Pakistan [25, 26], one
study in Bangladesh [21] and one study in Gambia [27]
were in agreement with the findings of the present study.
However, the finding of previous study in prison of Eastern
Ethiopia was in contrary to the current findings [14]. One
possible explanation might be differential chat chewing
habits of the study participants. Majority of the study units
in the eastern Ethiopian study had chat chewing habit
which is mostly accompanied by smoking. The number of
nonsmokers in eastern Ethiopia prisons was very small and
not enough to show smoking as risk factor for PTB [14].

In the current study duration of stay in the prisons was
not significantly associated with PTB positivity. However,
studies in Bangladesh, Pakistan and eastern Ethiopia
reported positive association between staying for long
duration in prisons and PTB [14, 25, 21]. In contrast to
most studies, one study from the Cameroon has indicated
that long duration of stay in prison has slight protective
effect on PTB as compared to those stayed for < 12 months
[28]. This protective effect might be due to increased
awareness about PTB by those stayed for longer time in the
prison than those who were sentenced newly.

In line with the finding from studies in Pakistan [25, 21],
Russia [29], Brazil [30] and Bangladesh [21] the present
study indicated that the risk of PTB is increased for inmates
who had a previous history of treatment for PTB. This
indicates that majority of the disease in the prison might be
due to reactivation and it might imply an increased risk for
such cases to be MDR-TB [31]. Thus, it is an implication
for drug susceptibility test for such cases to be undertaken
than merely providing treatment. Unlike finding of the
present study, there was no such association in previous
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studies in eastern Ethiopian and in Cameroon [14, 15, 28 ].
This might be due to the absence of cells to segregate
inmates who were taking anti- TB treatment in to separate
cells until cases were no more infectious.

The strength of this study was inclusion of the entire
prison population in the screening process rather than
taking a random sample. This method of recruiting study
participants reduces the problem of sampling errors. One of
the limitations of the current study emanates from the study
design being cross-sectional as this hinders the ability to
establish causal link between PTB and factors which are
significantly associated with PTB. Another limitation of
this study is the risk of recall bias. The response of study
participants about risk factors might not be always correct,
(i.e. there is possibility of over or under reporting). In the
current study we could not assess the magnitude of PTB
attributable to HIV/AIDS though HIV is highly prevalent
in the SSA prisons. Thus, the findings of the current study
should be interpreted in light of the above limitations and
strength.

5. Conclusion

In conclusion this study revealed that the prevalence of
PTB in the three prisons of Gamo Goffa Zone is about &
times the prevalence in the general population in south
Ethiopia. It indicates that there is high transmission of TB in
the prisons.
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