
Berhe et al. BMC Infectious Diseases 2013, 13:448
http://www.biomedcentral.com/1471-2334/13/448
RESEARCH ARTICLE Open Access
Population-based prevalence survey of
tuberculosis in the Tigray region of Ethiopia
Gebretsadik Berhe1,2,3*, Fikre Enqueselassie2, Elena Hailu1, Wondale Mekonnen1, Tsigemariam Teklu4,
Ataklti Gebretsadik4, Rezene Berhe2, Tewodros Haile5 and Abraham Aseffa1
Abstract

Background: Population based prevalence survey is an important epidemiological index to measure the burden of
tuberculosis (TB) disease and monitor progress towards TB control in high burden countries like Ethiopia. This study
was aimed to estimate the prevalence of bacteriologically confirmed pulmonary tuberculosis (PTB) in the Tigray
region of Ethiopia.

Methods: Sixteen rural and urban villages were randomly selected in a stratified multistage cluster
sampling. Individuals aged 15 years and older were screened by symptom inquiry for PTB. Those individuals
who were symptomatic of PTB provided two sputum samples for smear microscopy, culture and molecular
typing.

Results: The study covering 4,765 households screened a total of 12,175 individuals aged 15 years and above. The
overall weighted prevalence of bacteriologically confirmed PTB in the Tigray region of Ethiopia was found to be 216/
100,000 (95% CI: 202.08, 230.76) while the weighted prevalence of smear-positive PTB was 169/100,000 (95% CI: 155.53,
181.60). The prevalence of bacteriologically confirmed TB was higher amongst males (352/100 000; 95% CI: 339.05,
364.52) than females (162/100 000; 95% CI: 153.60, 171.17) and among rural (222/100,000; 95% CI: 212.77-231.53) as
compared to urban residents (193/100,000; 95% CI: 183.39-203.59).

Conclusions: This study found a relatively higher prevalence smear-positive PTB in the region than in a same period
nationwide survey and identified a significant number of undetected PTB cases. The urgency for improved TB case
detection and intensified community awareness is emphasized.
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Background
Tuberculosis (TB) is a major global health problem. All
countries are affected, but most cases occur in the 22
so-called high-burden countries (HBCs) that account for
about 80% of the world’s TB cases [1]. TB control activ-
ities require regular direct measurement of the absolute
burden of disease to monitor trends and improve under-
standing of the epidemiology of TB in the target area
[2]. Epidemiological information on TB is also vital for
the planning of control strategies and service delivery
systems [3-5] especially in countries where there is
considerable uncertainty about the number of TB
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cases and deaths, due to incomplete coverage or ab-
sence of surveillance systems [5,6]. However, in many
HBCs, notification systems do not record all cases and
vital registration systems are either absent or of such
poor quality and coverage that TB statistics is often
unreliable [4,6].
In many resource poor settings, estimates of the preva-

lence of pulmonary tuberculosis (PTB) are based on
symptom screening at health facilities followed by smear
microscopy with or without culture examination of eli-
gible individuals [3,5,7-14]. Although TB is one of the
leading causes of morbidity and adult deaths in Ethiopia,
there are very few reports [5,7-10,15] on the magnitude
of TB from population-based surveys. Most of the TB
data come from health institution-based case notifica-
tions that often lack completeness and consistency [5].
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In a large country like Ethiopia where there is socioeco-
nomic, lifestyle and environmental variations among the
different regions, a national TB prevalence survey can-
not be used to estimate TB prevalence values for the dif-
ferent regions in the country. The present study was
undertaken to estimate the prevalence of bacteriologic-
ally confirmed PTB amongst the adult population of the
Tigray region through a population-based survey.

Methods
Study setting
Tigray Region is the northernmost of the nine regions of
Ethiopia and it is the homeland of the Tigray people. Ex-
cluding Mekelle town, the state capital, there are seven
administrative zones: comprising a total of 47 districts
and 673 Kebelles (smallest administrative unit) [16].
Based on the 2007 census projection, Tigray has an esti-
mated total population of 4.8 million people over an area
of 50,078.64 square kilometers). Most (80.5%) of the
population live in rural, while 19.5% are urban dwellers
[16]. According to the 2008 Health and Health Related
Indicators published by the Federal Ministry of Health
[17]. Tigray region had 15 hospitals, 123 health centers,
182 health stations and 614 health posts. This study was
carried out in 16 randomly selected districts including
six urban and ten rural districts.

Study design and population
A population-based cross-sectional study design was
employed to estimate the prevalence of bacteriologically
confirmed PTB. The study was conducted in the period
between March to August 2011.
Source populations were all adult individuals whose

age were fifteen years and above and permanently living
in the Tigray region of Ethiopia. Sample populations
were individuals in the source population identified by
the sampling procedure and the study subjects were
sample populations who met criteria of a TB suspect.
The criteria for inclusion in the study were providing
written informed consent, living in the selected house
permanently for at least 2 months prior to the study and
age of at least 15 years or above at the time of the
survey.

Sample size and sampling techniques
The sample size of the prevalence survey was calculated
based on the following assumptions using epiInfo ver-
sion 3.2.2, 2004. For a conservative TB prevalence esti-
mate of 0.25% extrapolated from the WHO report [18],
a margin of error of 0.1% at 95% confidence interval
(CI), a design effect of 2, and non-response rate of 10%,
the required sample size was calculated as 9,359 persons.
However, to improve precision, 12,175 adults were
sampled.
A stratified multistage cluster sampling procedure was
adopted to recruit the study subjects (Figure 1). For
urban population, at the first stage, five towns (out of
12) (A town in the Region is defined as having a popula-
tion of greater than 10,000 population) were randomly
selected. One urban district, Korem, was added to the
five town districts by simple random sampling making
them altogether six districts. At the second stage, one
Kebelle from each town and one village within each se-
lected Kebelle was selected randomly. Then two Ketenas/
Gotes from each village were randomly selected and then
all adult individuals living in these selected Ketenas were
sampled. In the rural areas, ten districts were randomly
selected. At the second stage, one Kebelle within each dis-
trict and one village within each selected Kebelle were ran-
domly selected, respectively. Finally two Gotes were
randomly selected from each village and all adult persons
in the selected Gotes were sampled for the study. A cluster
in this study was defined a small area called Gote or
Ketena (sampling unit for the survey) which consisted of
150 to 200 households.

Data collection procedure
A total of 16 nurses and 16 laboratory technicians work-
ing in the respective districts were recruited and trained
in basic interview techniques and with the objective of
the study. The data collectors were assigned to the study
Kebelle in sixteen groups, with one nurse and one la-
boratory technician in each group. They then made
house-to-house visits. The nurses interviewed the head
of each of the households using a pre-tested and struc-
tured symptom screening questionnaire if anyone in
the household aged ≥ 15 years has chronic cough
(cough occurring for more than two weeks of duration)
with or without chest symptoms, namely: chest pain
for ≥ 1 month; fever for ≥ 1 month; and haemoptysis at
any time. They also documented if any member of the
household was under treatment for TB.
When the team encountered symptomatic individuals,

the laboratory technicians collected two sputum samples
(‘spot-morning’) from each symptomatic TB suspect, in-
cluding those individuals who were already on treat-
ment, in sterilized bottles — the first specimen during
the interview and the second early the next morning. In-
formation concerning the socio-demographic and clin-
ical characteristics was also collected from symptomatic
individuals. The sputum samples were transported to
the district health center in an ice box to be examined
for AFB and stored temporarily at 4°C. The sputum sam-
ples were then transported to the Tigray regional labora-
tory within two days of collection and at the regional
laboratory samples were kept for a maximum of two
months duration in −20°C until they were transferred to
the Armauer Hansen Research Institute (AHRI) at Addis
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Figure 1 Sampling protocol of the prevalence survey in Tigray region, 2011.
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Ababa on ice box for culture and characterization of
isolates.
Laboratory tests
All sputum samples were tested for acid fast bacilli
(AFB) smear-microscopy using Ziehl Neelsen (ZN) stain.
At AHRI, all morning and spot sputum samples from
the same individual were pooled. All specimens were
cultured and positive isolates were characterized by dele-
tion typing for speciation of mycobacteria according to
standard procedures [19,20].
A prevalent TB case was defined in this survey as an

individual whose sputum was positive for acid fast bacilli
by ZN microscopy and/or growth of M. tuberculosis
(MTB) by culture examination [21].
Data were checked and double entered and stored in

Microsoft Access 2007 software program. Univariate ana-
lysis was conducted using STATA/SE 11.0 for windows
(STATA Corporation, College Station, TX, United States
of America) and confidence intervals (CI) were calculated
from the estimated population proportion.
The study was approved by the Institutional Review
Boards of the Addis Ababa University and AHRI. Written
informed consent was obtained from study participants.
Written informed assent was secured from study subjects
who were between 15–18 years of age in addition to writ-
ten consent from their parents or guardians.
Results
Socio-demography of the study population
The prevalence survey was carried out in sixteen dis-
tricts. The source population consisted of 20,157 indi-
viduals of whom 53.7% (10,861) were female and 46.3%
(9,352) male. A total of 4,765 households was screened
evaluating 12,175 individuals aged 15 years and above
for PTB through symptom interviews. The average num-
ber of study participants per cluster was 760.9 (range
978–1587). Of the total adult study participants, 5401
(44.4%) were male and 6774 (55.6%) female with male to
female sex ratio of 0.8:1. The size of the screened popu-
lation per district ranged from 1,587 in Ahferom to 978
in the Korem district (Table 1).



Table 1 Distribution of study population by age, sex, and
district in the Tigray region, 2011

District Study
population

Females Males Adults

<
15 yrs

≥
15 yrs

<
15 yrs

≥
15 yrs

(≥
15 yrs)

Adigrat 1194 198 456 225 315 771

Adwa 1287 247 493 240 311 804

Ahferom 1587 390 422 382 374 796

Alamata 1125 165 423 217 316 739

Asgede Tsimbla 1485 330 419 354 375 794

Atsbi Wenberta 982 209 355 196 250 605

Axum 1248 226 451 233 338 789

Enderta 1123 203 406 191 310 716

Kafta Humera 1421 261 459 240 467 926

Korem 978 173 396 167 253 649

Laelay Maichew 1103 239 379 207 284 663

Offla 1065 302 317 225 336 765

Raya Azebo 1275 268 429 242 336 765

Saesie Tsaedaemba 1477 331 474 293 397 871

Setit Humera 1266 218 440 187 432 872

Tahtay Koraro 1541 327 455 352 420 875

Total 20157 4087 6774 3951 5401 12175
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Prevalence of pulmonary TB
Among the total 12,175 screened individuals in the stud-
ied districts, 350 PTB suspects were identified. From the
350 study subjects, the survey found 30 culture and/or
smear-positive individuals out of which 24 were smear-
Table 2 Distribution of PTB by districts in the Tigray region, 2

District Subject screened No. AFB positives

Adigrat 771 3

Adwa 804 3

Ahferom 796 0

Alamata 739 2

Asgede Tsimbla 794 0

Atsbi Wenberta 605 1

Axum 789 2

Enderta 716 0

Kafta Humera 926 1

Korem 649 1

Laelay Maichew 663 1

Offla 540 0

Raya Azebo 765 3

Saesie Tsaedaemba 871 1

Setit Humera 872 3

Tahtay Koraro 875 3

Total 12,175 24
positive and 27 were culture positive (Table 2). Three
smear-positive cases did not yield isolates while six AFB
negative cases were positive on culture. On the other
hand, the survey identified 30 existing cases of PTB in
the community, among which 21 reported that they
were still taking anti-TB treatment during the survey.
Among the 21 previously known PTB cases who were
taking anti-TB treatment during the survey, 11 cases
were still smear and/or culture positive, 3 were smear-
positive but culture-negative while the other 7 were
smear and culture negative. All isolates were confirmed
to be MTB by RD9 deletion typing.
Symptom screening found that out of the 350 PTB sus-

pects identified through a house-to-house visit, 97.14%
(340/350) suspects had a chronic cough with one or more
of the other symptoms (weight loss; excessive night sweat;
chest pain for ≥ 1 month; fever for ≥ 1 month; and haem-
optysis) while the remaining 2.86% (10/350) individuals
had only the other symptoms without a chronic cough.
All of the PTB positive cases were diagnosed from those
suspects who had a chronic cough with one or more of
the other symptoms.
Therefore, the overall weighted prevalence (culture

and/or smear) of PTB in Tigray region of Ethiopia was
found to be 216 per 100,000 (95% CI: 209.12-223.74)
while the overall prevalence of smear-positive PTB was
169 per 100, 000 (95% CI: 161.92-175.22) in persons
aged 15 years and above (Table 3). Among those
screened for PTB in the different districts, the propor-
tions of positive MTB cases varied significantly within
the Region, the highest proportion was observed in the
011

No. MTB positives Rate per 100, 000 95% CI

4 518.81 (483.54, 554.08)

3 373.18 (339.70, 406.57)

0 0.00 0.00

3 405.95 (370.55, 441.36)

0 0.00 0.00

1 165.29 135.69, 194.89)

3 380.23 (346.35, 414.10)

0 0.00 0.00

1 107.99 (88.00, 127.98)

1 154.08 (126.31, 181.86)

1 150.83 (123.59, 178.07)

0 0.00 0.00

3 392.16 (357.56, 426.75)

4 459.24 (426.15, 492.34)

3 334.04 (312.51, 375.57)

3 342.86 (93.20, 135.37)

30 246.41 (238.75, 254.06)



Table 3 Crude and weighted prevalence of PTB by
residence type in Tigray region, Northern Ethiopia, 2011

Description Crude prevalence
of PTB

Weighted prevalence
of PTB

95% CI 95% CI

P LCI UCI P LCI UCI

Bacteriologically positive PTB

Urban 376.65 362.68 390.6 193.49 183.39 203.59

Rural 172.16 163.65 180.7 222.15 212.77 231.53

Total 246.42 238.76 254.1 216.42 209.12 223.74

Smear-positive PTB

Urban 302.77 289.53 316 159.35 148.8 169.89

Rural 132.43 124.78 140.1 170.88 162.39 179.37

Total 197.13 190.06 204.2 168.57 161.92 175.22

P, Prevalence; CI, Confidence interval; LCI, Lower confidence interval;
UCI, Upper confidence interval.
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Adigrat city (519) as compared to the nil value in four
districts (Table 2). As our population-based prevalence
survey assessed both existing and new cases of PTB,
we identified 16 new and 14 existing cases of PTB.
Thus, the ratio of newly detected cases of PTB (active
case finding) to those detected through passive case
finding and captured by the survey (diagnosed at the
health facilities through self-presentation) was about
1.14:1 (16/14) indicating over one undiagnosed TB
case in the community for every one smear-positive
TB case receiving treatment during the survey period.
Among the study subjects, from a total of 5,401 males

there were 19 positive PTB cases while from 6,774 fe-
males there were 11 positive cases. On the other hand,
there were 13 cases from 7,551 rural residents and 17
cases from the 4,624 urban residents ≥ 15 years of age.
The prevalence of bacillary TB was higher amongst
males (352/100 000; 95% CI: 339.05, 364.52) than fe-
males (162/100 000; 95% CI: 153.60, 171.17). The bac-
teriologically confirmed weighted prevalence of PTB was
higher among rural when compared to the urban resi-
dents who had an adjusted prevalence of 193 (95% CI:
183.39-203.59) (Table 3).

Discussion
Prevalence of PTB is an important epidemiological index
to measure the burden of the disease in a community.
There is variation in the estimated bacteriologically
positive and/or sputum smear-positive PTB prevalence
figures between this study and other studies within
and outside Ethiopia. The estimated overall bacterio-
logically confirmed prevalence of PTB in the current
study was 216 per 100,000 in individuals aged 15 years
or above and it was slightly lower than the national es-
timate of 277 per 100,000 [15]. However, it was within
the range of the WHO provisional estimate for 2007 of
146–260 per 100,000 for the region [18] but much
higher than the 76 per 100,000 reported in Southwest
Ethiopia [7].
The 169 per 100,000 prevalence of sputum smear-

positive TB found in our study in persons aged 15 years
and above was higher than the national estimate of 108
per 100,000 [15], the 30 per 100,000 in Southwest Ethiopia
[7], 78 per 100,000 reported in southern Ethiopia [5] and
the 80 per 100,000 documented in northwest Ethiopia
[10]. Our finding is more comparable to the reports of
other prevalence surveys including the 174 per 100,000 in
Northwest Ethiopia [8] and 189 per 100,000 in Addis
Ababa, Ethiopia [9].
Reports from African countries indicate that TB preva-

lence is highly variable in different geographic or re-
gional settings. An overall prevalence of tuberculosis of
870 per 100,000 was reported in adults in Zambia [22].
A study from Eritrea identified a total smear-positive
prevalence of 90 per 100,000 in the adult population by
using fluorescence microscopy [11]. Another study in
Guinea Bissau reported a total TB prevalence of 134 per
100,000 [12]. A TB survey from South Africa had docu-
mented a total prevalence of 2,517 per 100,000 [23]. In
India, one study reported a higher prevalence of bac-
teriologically positive TB of 1090 per 100,000 popula-
tions in persons aged 15 years and above [14] while
another study documented 387 per 100,000 in adult
populations [3].
The higher prevalence of PTB reported in the national

TB prevalence survey of Ethiopian could probably be the
result of using both sensitive chest-x ray screening and
symptom screening/inquiry of all study subjects unlike
our study where only the head of each household was
interviewed for TB symptoms in the family. A study
showed that the prevalence of TB may be underestimated
by 37% if only symptoms, without CXR, are used to iden-
tify TB suspects [24]. Another reason may be due to the
fact that the national survey was conducted in the whole
country where many regions with higher TB burden than
Tigray region might have increased the national preva-
lence figure. In line with this, a previous report indicated
that Tigray region was categorized as a moderate TB bur-
den area compared with other regions in Ethiopia [18].
Moreover, the loss of viability of M. tuberculosis bacteria
cannot be fully excluded because of the repeated freeze-
thaw procedure during sample transport to AHRI. Fur-
thermore, reliable comparison of various prevalence
survey results is difficult because of differences in sam-
pling, screening strategies and also the laboratory
methods used, both in the smear and culture proce-
dures [25]. Data collection methods, study population,
the timing of the study, and related environmental and
socioeconomic factors were also considered as import-
ant factors affecting the wide country variations in the
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prevalence of TB [5,26]. The age groups studied may
also affect the comparison of the results of a preva-
lence survey [8].
From a public health perspective, this study clearly in-

dicated that the current TB detection procedure is insuf-
ficient to capture all PTB cases occurring in the Region.
Hence, another innovative surveillance system needs to
be introduced to fully capture and control the transmis-
sion of the disease.
This survey found a discrepancy in the urban to rural

distribution of PTB. The prevalence of bacteriologically
confirmed PTB was higher among rural residents. In
agreement with our study, higher prevalence of TB was
reported in a rural community in Viet Nam [27] and
India [28]. But no statistically significant difference was
observed in the national TB prevalence survey of
Ethiopia [15]. The higher prevalence of TB in rural areas
was attributed to poor performance of anti-tuberculosis
services in rural areas due to various reasons such as a
lack of awareness of the disease and of available services,
difficult terrain resulting in irregular drug supply and
poor supervision by programme officials [28]. In Con-
trary to these reports, higher prevalence of TB was
reported in urban compared with rural communities in
Zambia [22]. The higher prevalence of PTB in a rural
community in our study contradicts previous reports in
Ethiopia [5,15] and needs further evaluation.
This study found a higher prevalence of PTB in men

in comparison to women. This is consistent with the na-
tional prevalence survey in which men had a higher
prevalence of 287 per 100,000 population as compared
to the 232 in women [15]. Our finding was also in agree-
ment with a report from Guinea Bissau where males had
2.6 higher risk of acquiring TB than females [29]. An-
other study in India [28] and in Viet Nam [27] also
found a similar finding. However, there was no signifi-
cant difference among men and women in a study
conducted in Zambia [22]. In most countries, TB notifi-
cation rates were found to be higher for men than
women even in countries with equal access to health
care service [30]. A study related this difference to under
diagnosis or poor reporting of TB in women [31]. Another
report attributed this difference to either behavioral, socio-
economic, true biological effects, or a combination of all
[32]. The higher prevalence of TB in males in our popula-
tion based prevalence study is the result of a true differ-
ence in disease occurrence rather than a difference in
access to TB diagnosis and treatment.

Conclusions
This study found a relatively higher prevalence smear-
positive PTB in the region than in the same period na-
tionwide TB survey and identified a significant number
of undetected PTB cases. Thus, TB case detection
procedure needs to be improved through innovative case
finding techniques and intensify TB awareness creation
in the population.

Abbreviations
TB: Tuberculosis; HBC: High burden countries; PTB: Pulmonary tuberculosis;
AHRI: Armauer Hansen Research Institute; AFB: Acid fast bacilli; ZN: Ziehl
Neelsen; MTB: M. tuberculosis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
The authors’ contribution was as described below. GB FE and AA conceived
and designed the study. GB TT AG RB and TH performed the study. GB FE
WM EH and AA analyzed the data: GB FE and AA wrote the manuscript. All
authors read and approved the final manuscript.

Acknowledgements
The authors thank the Armauer Hansen Research Institute, Addis Ababa
University and Mekelle University for funding of this research work. Authors
also extend their sincere thanks to the study subjects who participated in
the study, data collectors and the Tigray Regional Laboratory.

Author details
1Armauer Hansen Research Institute, Addis Ababa, Ethiopia. 2School of Public
Health, Addis Ababa University, Addis Ababa, Ethiopia. 3College of Veterinary
Medicine, Mekelle University, Mekelle, Ethiopia. 4Tigray Health Bureau, Tigray,
Ethiopia. 5Axum University, Axum, Ethiopia.

Received: 4 February 2013 Accepted: 24 September 2013
Published: 28 September 2013

References
1. World Health Organization: Global tuberculosis control 2010. Geneva: World

Health Organization; 2010. WHO/HTM/TB/2010.7.
2. World Health Organization: Tuberculosis prevalence surveys: a handbook.

Geneva, Switzerland: World Health Organization; 2011.
3. Bhat J, Rao VG, opi PG, et al: Prevalence of pulmonary tuberculosis

amongst the tribal population of Madhya Pradesh, central India. Int J
Epidemiol 2009, 38(4):1026–1032.

4. Lienhardt C: From exposure to disease: the role of environmental factors
in susceptibility to and development of tuberculosis. Epidemiol Rev 2001,
23:288–301.

5. Shargie EB, Yassin MA, Lindtjørn B: Prevalence of smear-positive
pulmonary tuberculosis in a rural district of Ethiopia. Int J Tuberc Lung Dis
2006, 10(1):87–92.

6. World Health Organization: Tuberculosis prevalence surveys: a handbook. 1211
Geneva 27, Switzerland: WHO Press, World Health Organization, 20 Avenue
Appia; 2011:1–5.

7. Amare D, Gemeda A, Ludwig A, et al: Prevalence of pulmonary TB and
spoligotype pattern of Mycobacterium tuberculosis among TB suspects in
a rural community in Southwest Ethiopia. BMC Infect Dis 2012, 12:54–59.

8. Tadesse T, Demissie M, Berhane Y, Kebede Y, Abebe M: Two-thirds of
smear-positive tuberculosis cases in the community were undiagnosed
in northwest Ethiopia: population based cross-sectional study. PLoS ONE
2011, 6(12):e28258.

9. Demissie M, Zenebre B, Berhane Y, Lindtjorn B: A rapid survey to
determine the prevalence of smear-positive tuberculosis in Addis Ababa.
Int J Tuberc Lung Dis 2002, 6:580–584.

10. Yimer S, Holm-Hansen C, Yimaldu T, Bjune G: Evaluating an active case-fi
nding strategy to identifysmear-positive tuberculosis in rural Ethiopia. Int
J Tuberc Lung Dis 2009, 13(11):1399–1404.

11. Mineab S, Bahlbi K, Melles S, et al: Determining the burden of tuberculosis
in Eritrea: a new approach. Bull World Health Organ 2007, 85(8):593–599.

12. Bjerregaard-Andersen M, da Silva ZJ, Ravn P, et al: Tuberculosis burden in
an urban population: a cross sectional tuberculosis survey from Guinea
Bissau. BMC Infect Dis 2010, 10:96–102.

13. Abu Rumman K, Abu Sabra N, Bakri F, Seita A, Bassili A: Prevalence of
tuberculosis suspects and their healthcare-seeking behavior in urban
and rural Jordan. Am J Trop Med Hyg 2008, 79(4):545–551.



Berhe et al. BMC Infectious Diseases 2013, 13:448 Page 7 of 7
http://www.biomedcentral.com/1471-2334/13/448
14. Gopi PG, Vallishayee RS, Appe Gowda BN, et al: A tuberculosis prevalence
survey based on symptoms questioning and sputum examination. Ind J
Tuh 1997, 44:171–180.

15. Federal Democratic Republic of Ethiopia Ministry of Health (FDRE-MOH) and
the Ethiopian Health and Nutrition Research Institute (EHNRI): The first
Ethiopian Population Based National TB Prevalence Survey. Addis Ababa,
Ethiopia: FDRE-MOH and EHNRI; 2011.

16. Central Statistics Agency: The 2005 population and housing census of Ethiopia:
results of the Amhara Regional State. Addis Ababa, Ethiopia: CSA; 2007.

17. Ethiopian Federal Ministry of Health: 2008 Health and health related
indicators. Addis Ababa, Ethiopia: Federal Ministry of Health; 2008.

18. World Health Organization: Global tuberculosis control surveillance, planning,
financing. Geneva: World Health Organization; 2008.

19. Parsons LM, Brosch R, Cole ST, et al: Rapid and simple approach for
identification of Mycobacterium tuberculosis complex isolates by PCR-
based genomic deletion analysis. J Clin Microbiol 2002, 40:2339–2345.

20. Warren RM, Gey van Pittius NC, Barnard M, et al: Differentiation of
Mycobacterium tuberculosis complex by PCR amplification of genomic
regions of difference. Int J Tuberc Lung Dis 2006, 10:818–822.

21. WHO Library Cataloguing in Publication Data: Assessing tuberculosis
prevalence through population-based surveys. Geneva: WHO; 2007. Executive
summary: vii–x.

22. Ayles H, Schaap A, Nota A, et al: Prevalence of tuberculosis, HIV and
respiratory symptoms in Two Zambian communities: implications for
tuberculosis control in the Era of HIV. PLoS ONE 2009, 4(5):e5602.

23. Wood R, Middelkoop K, Myer L, et al: Undiagnosed tuberculosis in a
community with high HIV prevalence: implications for tuberculosis
control. Am J Respir Crit Care Med 2007, 175(1):87–93.

24. van der Wer MJ, Martin W, Borgdroff W: How to measure the prevalence
of tuberculosis in a population. Trop Med Int Health 2007, 12:475–484.

25. World Health Organization: Assessing tuberculosis prevalence through population-
based surveys. Geneva, Switzerland: World Health Organization; 2007.

26. Horie T, Lien LT, Tuan LA, et al: A survey of tuberculosis prevalence in
Hanoi, Vietnam. Int J Tuberc Lung Dis 2007, 11:562–566.

27. Hoa NB, Sy DN, Nhung NV, Tiemersma EW, Borgdorff MW, Cobelens FGJ:
National survey of tuberculosis prevalence in Viet Nam. Bull World Health
Organ 2010, 88:273–280.

28. Rao VG, Bhat J, Yadav R, Gopalan GP, Nagamiah S, et al: Prevalence of
pulmonary tuberculosis - a baseline survey in central India. PLoS ONE
2012, 7(8):e43225.

29. Gustafson P, Gomes VF, Vieira CS, et al: Tuberculosis in Bissau: incidence
and risk factors in an urban community in sub-Saharan Africa. Int J
Epidemiol 2004, 33(1):163–172.

30. World Health Organization: Global tuberculosis control. Geneva, Switzerland:
WHO; 2001. WHO/CDS/TB/2001.287.

31. Diwan W, Thorson A, Winkvist A (Eds): Gender and Tuberculosis. NHV Report
1998. Göteborg: Nordic School of Public Health; 1998.

32. Holmes CB, Hausler H, Nunn P: A review of sex differences in the
epidemiology of tuberculosis. Int J Tuberc Lung Dis 1998, 2:96–104.

doi:10.1186/1471-2334-13-448
Cite this article as: Berhe et al.: Population-based prevalence survey of
tuberculosis in the Tigray region of Ethiopia. BMC Infectious Diseases
2013 13:448.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study setting
	Study design and population
	Sample size and sampling techniques
	Data collection procedure
	Laboratory tests

	Results
	Socio-demography of the study population
	Prevalence of pulmonary TB

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


