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Summary
World Health Organization (WHO) recommends directly observed treatment short course
(DOTS) strategy to control tuberculosis (TB). It aims to detect 70% of new smear-positive
cases and cure 85% of them. Implementing the DOTS strategy has improved the case
detection rate (CDR) and treatment success rate (TSR) in many settings.

We reviewed the performance of TB control programme of the southern Ethiopia. Low
CDR mainly because of inability to access the health service was the limit. We also
explored alternatives that could improve access to the health service, its costeffectiveness; estimated the recurrence rate and mortality in successfully treated TB
patients under DOTS strategy and the rate of human immunodeficiency virus (HIV)
infection in TB patients.

In ten years, TB control programme of southern Ethiopia has improved the case detection
(from 22% to 45%) and treatment success (from 53% to 85%). However, the target of
CDR seemed unachievable. Some of the reasons were low health service coverage,
shortage of general health workers (GHWs), HIV epidemic and poor socioeconomic
conditions. Ethiopia launched community-based programme that deployed huge number
of health extension workers (HEWs) to the community. Nevertheless, the possible
contribution of HEWs in TB control programme of Ethiopia has not been explored.

We, therefore, employed community-based approach to identify alternatives that improve
the performance of TB control programme. The HEWs were involved in sputum
collection and providing directly observed treatment (DOT). This improved the CDR,
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more significantly for women. This could be mainly because of the community-based
sputum collection that had increased access to the diagnostic service. Moreover,
community-based treatment improved the TSR of smear-positive patients (90%)
compared with to health facility-based DOT (83%). This could be due to the improved
access to the service that was created through the provision of DOT in the community
where TB patients live, with in reachable distance.

The decision to employ effective interventions by policy-and decision-makers depends on
the available resources and existing supporting evidences. This is more important in
resource-constrained settings with high disease burden. We, therefore, estimated the cost
and cost-effectiveness of involving HEWs in providing DOT. In our study, treating
smear-positive cases in the community reduced the total, patient and caregiver costs by
62.6%, 63.9% and 88.2%, respectively.

We also estimated the recurrence rate and mortality in TB patients cured under DOTS
strategy and the rate of HIV infection in TB patients and the community. The rate of
recurrence in smear-positive TB patients cured under DOTS strategy was 1 per 100 PYO
(0.01 per annum). The rate of TB-HIV co-infection varied with the prevalence of HIV in
the community. We found mortality rate of 2.5% per annum in successfully treated TB
patients. The mortality was associated with sex, age and occupation.

We have shown that the performance of TB control programme could be improved by
involving HEWs in TB control programme as we found improved the CDR and TSR.
Community-based DOT is economically attractive option to the patient, the household
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and the health service. We recommend planned scaling up and implementation of
community-based TB care in Ethiopia to improve the performance of National TB
Leprosy Control Programme (NTLCP). Currently the Federal Ministry of Health of
Ethiopia has accepted and endorsed the implementation of community-based TB care by
involving HEWs. National guideline for implementing community-based TB care is being
developed to apply it at larger-scale in Ethiopia.
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1.0. Introduction
1.1. Tuberculosis epidemiology
1.1.1 Cause, transmission and risk factors
Tuberculosis (TB) is a chronic infectious disease mainly caused by mycobacterium
tuberculosis (MTB). The main source of infection is untreated smear-positive pulmonary
tuberculosis (PTB) patient discharging the bacilli. It mainly spreads by airborne route
when the infectious patient expels droplets containing the bacilli. It is also transmitted by
consumption of raw milk containing Mycobacterium bovis [1-3].

The risk of infection depends on the susceptibility of the host, the extent of the exposure
and the degree of infectiousness of the index case [3-5]. Once an individual inhales the
infectious aerosols, the bacilli lodge into the alveoli where it multiply and form a primary
lesion [6]. Under normal condition, in most of the cases, the immune system either clears
the bacilli or arrests the growth of the bacilli within the primary lesion in which case the
host is said to harbor latent TB infection (LTBI). However, in 5 - 10% of the cases, the
bacilli overwhelm the immune system resulting in a primary TB within a few months to
years. In the rest, post-primary TB occurs when reinfection occurs or the LTBI is
reactivated. The lifetime risk of developing active TB is 5 - 10 %. It could be higher
because of the underlying conditions (like human immunodeficiency virus (HIV)
infection, diabetes and other medical conditions that suppress immunity) and poor
socioeconomic status [3, 7].

Although TB affects many parts of the body, it mainly affects the lung. Its clinical
presentation, therefore, depends on the site of infection, the organ affected and its
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severity. Patients with PTB present with pulmonary symptoms (like productive cough,
haemoptysis, chest pain and shortness of breath), constitutional symptoms (like fever,
poor appetite, weight loss, night sweats and anorexia) and other symptoms depending on
the site of the infection [8-11]. Understanding of the symptoms is important to inform the
community about the symptoms to seek medical advice and to inform health workers in
order to increase the index of suspicion to easily pick suspects and detect tuberculosis
cases presenting to health institutions.

Early detection of the cases and prompt treatment are crucial for TB control. TB diagnosis
mainly depends on the clinical presentation of the disease and identification of the
offending bacilli. Many TB diagnostic tests are available although no single diagnostic
test for TB exists that can be performed rapidly, simply, inexpensively, and accurately as
a stand-alone-test. Thus, the diagnosis of active TB is a clinical exercise; and sputum
microscopy remains the mainstay of diagnosis because of its availability, operational
feasibility and ability to identify the highly infectious forms of TB, the smear-positive
PTB cases [12-14].

The significance of TB diagnosis is high if and only if it is complemented by prompt
treatment. If not treated in the earliest five years, 50% of PTB cases die, 25% self cure
and 25% remain sick and infectious. Untreated smear-positive PTB patient can infect 10 15 people per year on average [15]. Thus, treatment of TB is not only a matter of treating
the individual patient, but also is an important public health intervention. Treatment is the
centerpiece of TB control and can reduce the risk of infection if implemented with
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adequate coverage and acceptable quality [16, 17]. So far, DOTS remains a cost-effective
intervention to control TB [7, 18, 19].

1.1.2. Morbidity and mortality
TB has been a scourge of humanity throughout recorded history. Even today after the
availability of effective drugs for more than half a century, it is a major cause of
morbidity and mortality worldwide. One-third of world’s population is estimated to be
infected with MTB [6, 20]. There were about 9.27 million new TB cases (including 4.1
million new smear-positive cases) and 1.3 million deaths from TB in 2008. There
were about 11.1 million prevalent TB cases and half million multidrug resistant (MDR)
TB cases (resistance at least to isoniazid and Rifampcin) in the world. 95 % of TB cases
and 98% of TB deaths occurred in developing countries [21, 22]. TB also is a leading
infectious cause of death among women in the reproductive age group and affects the
productive segment of a population[23]. TB is the sixth cause of mortality (2.5%) next to
HIV infection and accounts for 26% of preventable deaths in the world [21, 24-26].

1.1.3. Risk factors of acquiring tuberculosis
Age
The risk of acquiring TB infection increases with age from infancy to early adult life,
probably, because of increasing number and frequency of contacts [27]. TB is mainly a
disease of adults in the age group of 15 - 49 years. In a population where the transmission
has been stable or increasing, the incidence rate is higher in children mostly because of
recent infection or reinfection. As transmission falls, the case load shifts to older adults
mainly because of reactivation of LTBI at later ages [14].
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Gender
Reports show that men account for high proportion of notified TB cases than women [28,
29]. This was explained by sex ( biological determinant - progression from TB infection
to disease is likely to be faster for women compared with men in their reproductive years)
and gender (socio-cultural determinants influencing access to TB care leading to
differential access to health care (like economic problem, inability to make decisions,
poor health seeking behaviour and stigma ) that compromise the women’s ability to utilize
the available health service [11, 30-36]. In addition, higher risk of HIV infection among
women makes them susceptible to develop active TB. TB is the leading infectious cause
of death in young women in developing countries [35, 37, 38]. This could be worse in
settings with health services insensitive to gender-specific needs [39]. Studies that
consider the interplay of biological, socio-cultural and health system determinants of sex
and gender-based differences are needed to understand how and why women are affected.

Residence
More TB patients were reported from urban than rural areas because of overcrowding,
poverty and HIV infection [40]. In contrast, the presumed lower risk of TB infection in
rural settings could be misleading and should be cautiously taken in high burden
countries. In the rural settings, access to the health service is limited; health seeking
behaviour is poor and the living condition favour disease transmission. As a result,
understanding the burden of TB in rural areas will have a wider implication for TB
control in such settings [41, 42].
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Socio-economic conditions
TB has been associated with factors linked to socioeconomic deprivation: poverty,
overcrowding and malnutrition. The magnitude of TB is high among the poor, displaced,
homeless, drug addicts, elderly, malnourished and women [14]. The association between
TB and poverty was shown by the decline in TB burden with the improved living
condition in developed countries prior to the introduction of treatment. Improved living
condition was also found to reduce the risk of infection from 4 - 6 % per annum. In
contrast, the resurgence of TB in developing countries as the living condition worsens
shows its association with poor living conditions. TB was also found to disproportionately
affect the poor [43-45]. Therefore, free diagnosis and treatment was offered to TB patients
(mainly to smear-positive PTB cases) to reduce the economic burden for seeking
diagnosis and treatment and treat the highly infectious cases [46]. However, limited
access to the service because of the poor socioeconomic condition of the patients and their
households has reduced the utilization of the available service [42, 46-51]. Thus,
interventions that improve access to health service need serious consideration.

1.2. Tuberculosis and HIV co-infection
A complex interaction exists between TB and HIV infection. HIV increases the risk of
infection, as it reactivates LTBI and increases the progression to active disease. TB-HIV
co-infection has fatal consequences as TB becomes the leading cause of death in HIV
infected individuals and patients with acquired immunodeficiency syndrome (AIDS). HIV
lowers the host’s immune response to MTB. The lifetime risk of developing active TB in
HIV infected individuals is 10% per year compared with lifetime risk of 5 - 10% in
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individuals without HIV. As a result, the TB case notification rate (CNR) has increased
four to six fold in sub-Saharan Africa [52-54].

HIV affected the performance of TB control programmes by increasing the number of TB
cases and by compromising the treatment outcomes. It created a huge challenge to the
already overstretched and under staffed health system in high burden countries. It reduced
the proportion of smear-positive cases; and increased the rate of treatment failure,
defaulter and death, which in turn compromised the progress towards achieving the
targets recommended for TB control under DOTS strategy.

Globally 1.37 million TB cases (14.8% of 9.27 million cases) were co-infected with HIV.
70% of TB-HIV co-infections occurred in countries with high burden of TB. Moreover,
half million deaths occurred in HIV infected people due to TB which accounted for a
quarter of deaths among HIV positive people [21, 55-58]. There is an epidemiological and
clinical association between the two diseases. Therefore, TB-HIV collaboration is an
appropriate intervention to improve TB case finding in HIV infected individuals and
reduce the risk of HIV infection in TB patients [6, 59-62].

1.3. Global tuberculosis control
History of TB control started from attempts of treating unidentified cause to treating
cases infected with the bacilli, from no remedy to effective treatment, from compulsory
isolation to chemical isolation (treating infectious cases with anti-TB drugs), and from
vertical to integrated approach where the service delivery was progressively decentralized
to peripheral health institutions in the communities [63, 64].
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Robert Koch’s identification of the bacilli and the proposal to isolate patients was
followed by compulsory isolation of the patients as the main principle of TB control. This
included social support and contact examination in TB clinics (that were accessible and
open at convenient time for the patients) [65, 66].

After the introduction of effective treatment, TB control was organized as a vertical
programme staffed with health workers particularly assigned to run the programme. This
reduced the annual risk of infection by 5 -13% in developed countries due to the available
resources and improved general living conditions [67]. However, similar results were not
achieved in developing countries due to the associated high cost [68]. Hence, TB control
was integrated into general health service to ensure effective and efficient use of resources
[69, 70]. However, lack of technical efficiency by the GHWs, neglect of TB control
activities, health sector reform (that resulted in collapse of TB structure because of hasty
implementation or lack of appropriate attention to TB control) and resurgence of TB due
to HIV epidemic weakened the TB control efforts [71, 72]. This was also complicated by
socioeconomic deterioration: increased poverty, malnutrition and overcrowding.

The affordability of rifampicin, poor treatment adherence and high TB burden paved way
to the introduction of DOTS strategy [73, 74]. The components of the strategy are
government commitment to ensure lasting and comprehensive TB control, case detection
by sputum smear microscopy among self-reporting symptomatic patients, standardized
short course chemotherapy using six to eight months treatment regimens, regular and
uninterrupted supply of anti-TB drugs and standardized recording and reporting system
[64, 75].
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DOTS strategy aims to detect 70% of new smear-positive cases and to cure 85% of them.
Epidemiological modelling suggested that achieving these targets will reduce TB
incidence, prevalence of smear-positive cases and the number of infected contacts [14,
76]. Decentralization of DOTS to peripheral health facilities has increased the number of
TB cases that were detected and treated [77] even in settings with high HIV infection and
MDR TB [18, 78]. However, its effectiveness was limited in settings with low health
service coverage.

To improve TB control efforts, the Stop TB partnership further envisioned eliminating TB
as a public health problem (one smear-positive case per 106 population) and, ultimately, to
achieve a world free of TB. The partnership promotes TB control as an element for
health-system development, a basic human right, and an integral part of poverty
alleviation strategies [6, 60-62]. Stop TB partnership, therefore, advocates comprehensive
TB control approach that includes providing high quality DOTS expansion and
enhancement, addressing TB-HIV, MDR TB and address the needs of the poor and
vulnerable people (women, children, prisoners, migrants and ethnic minorities),
strengthening the health system, engaging all care providers, empowering TB patients and
the community with partnership, and enabling and promoting research to alleviate human
suffering [79].

1.4. The health system of Ethiopia
1.4.1. General background of Ethiopia
Ethiopia is a located in East Africa. It covers an estimated area of 1.1 million km2. The
Government of Ethiopia has nine ethnic-based administrative regions, which are referred
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to as Regional States and two Federal City Administrations. There are 611districts and
15000 kebeles (lowest administrative unit with an average population of 5000 people)
[80]. Ethiopia has a population of about 76 million people, of which 85% lives in rural
areas. It has huge topographic variations ranging from the lowest 116 meters below sea
level to 4, 620 meters above sea level. Most of the population lives in highland areas on
subsistence farming.

1.4.2. Health service in Ethiopia
General health service
The National health policy of Ethiopia emphasizes the development and provision of
equitable and acceptable health service to the people. Under this provision, the
Government of Ethiopia follows a four-tier health service with a major emphasis on
community-based health services. Primary health care unit (a health centre and five
satellite health posts) is the lowest unit in the health system (Figure 1). Health centres
provide curative and preventive health service while health posts mainly focus on disease
prevention and health promotion activities and selective curative services in the
community.

Community-based initiative: Health Extension Programme
In year 2004, the Government of Ethiopia launched a community-based initiative under
health extension programme (HEP) with an emphasis to establish reflective and
responsive health delivery system to the people living in rural areas. This was
accompanied by accelerated health post construction in each kebele. HEP programme
focuses on promoting health and providing preventive and selected curative services to
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ensure equitable access to the community under three major categories: disease
prevention and control, family health service, hygiene and environmental sanitation, and
health education and communication as a cross cutting issue [81, 82].

The local health authorities in consultation with kebele leaders select two women from
each kebele, who have completed 10th grade. The women receive one-year training before
they are placed as HEWs in their respective kebeles. TB control is included in the training
of HEWs as one of the components under Disease Prevention and Control. HEWs are
responsible to provide health education, identify and refer TB suspects, trace defaulters
and ensure treatment adherence.

Assigned to health post, HEWs spend about three-fourth of their time on outreach
activities in the communities, the kebele in particular. Each HEW is responsible for 500 1000 households in each kebele. They receive salary from the government and are
accountable to health centre and the kebele administration [83, 84]. However, their
contribution to TB control has not been evaluated. The health system, administrative
hierarchy and referral system is shown in figure 1.
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Figure 1 - The health system of Ethiopia
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1.4.3. Tuberculosis control in Ethiopia
TB is among the leading causes of morbidity and mortality in Ethiopia [80]. The NTLCP
was started in 1992. Ethiopia adopted the WHO recommended DOTS strategy in 1995.
Since then TB control efforts have been decentralized to public health facilities (hospitals,
health centres and health stations) where GHWs are responsible for the diagnosis and
treatment of TB. [80, 83, 85].

Ethiopia has one of the highest TB burden in the world. The annual incidence and
prevalence of all forms of TB was 378 and 579 per 105 populations, respectively [21].
DOTS is implemented in public health facilities in hospitals and health centres [80].
The CNR for all forms TB was 155 per 105 populations. The incidence of smear-positive
cases was 163 cases 105 populations. The CNR and CDR of new smear-positive cases was
46 per 105 populations and 28 %, respectively. The TSR, the proportion of patients who
were cured and completed treatment, was 84 % [21].

1.4.4. Tuberculosis control in the southern Ethiopia
Southern Nations, Nationalities and People’s Regional State (SNNPRS) is one of the
Federal States of Ethiopia. It has a population of about 15 million. Ninety-three per cent
of its population lives in the rural areas. The health service coverage and user rate is about
73.5 % and 32 %, respectively [80].

The SNNPRS Health Bureau started DOTS in three zones and four health facilities as a
vertical program in 1995. Later, the programme was integrated into the general health
service, and decentralized to zones, districts and health facilities (hospitals, health centres
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and health stations). Over ten years, implementation the DOTS strategy tripled TB case
notification (45 to 143 per 105 population), doubled the case detection rate (22 to 45%),
increased the treatment success rate (from 53 to 85%), reduced the defaulter rate (from 26
to 6%) and treatment failure rate (from 7 to 1%) [86].

TB remains the leading cause of morbidity and mortality in southern Ethiopia. It was 4th
cause of total admission, 5th cause of female admission and 5th cause of admission in
children less than five year. It was the 3rd cause of inpatient deaths, 2nd cause of deaths in
women and 6th cause of death in children less than five years [80].

1.5. Rationale for the present study
Over the last two decades, the load of TB has increased in sub-Saharan Africa mainly
because of HIV infection. This has compromised the already overstretched health services
due to the associated morbidity. The implication is more in settings with low health service
coverage and shortage of health workers [6, 62].

DOTS strategy advocates passive case finding and provision of DOT under the direct
observation of GHWs or treatment supervisors. Passive case finding mainly serves those
who have better socioeconomic status (better knowledge and health seeking behaviour) and
geographic access to health facilities. This affects the poor and patients living in rural and
remote areas leading to delay in presentation and disease transmission [42, 44]. Moreover,
seeking diagnosis and treatment in health facilities is costly and difficult for TB patients and
their families [47, 87-89]. In TB patients who have accessed the service, adherence and
completion of treatment remains a challenge to successful completion of treatment.
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Therefore, alternative approaches that improve access to diagnosis and treatment are needed
[90-95].

Ethiopia has one of the highest TB burden in the globe. TB is among the leading causes of
morbidity and mortality. Over the last two decades implementing DOTS strategy has
increased the number of TB patients diagnosed and treated. However, the CDR for smearpositive patients remained far below the target despite increasing number of health workers
and health facilities providing DOT. This was mainly because of the limited access to the
health service. However, decentralization and performance of DOTS strategy in the era of
HIV epidemic has not been documented in Ethiopia.

In 2004, the government of Ethiopia introduced a community-based initiative under HEP to
provide health service in each kebele by a new cadre of health workers. However, the role of
HEWs in TB control has not been explored. Therefore, we aimed to measure the
performance DOTS, identify the role of HEWs in improving the performance of the TB
control programme and its cost-effectiveness to implement in resource-constrained Ethiopia.
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2.0. Study aims
2.1. Aim
The aim of this research was to improve the performance of TB Control in Ethiopia

2.2. Objectives
1. To find out ten-year performance of TB control programme in southern Ethiopia
2. To estimate the rate of HIV infection in TB patients and its association with the
prevalence of HIV in the community
3. To find out if involving HEWs in TB control improves the CDR and TSR of smearpositive patients
4. To compare the cost and cost-effectiveness of treating smear-positive patients by
HEWs in the community compared to treatment by GHWs in health facilities
5. To determine the recurrence rate in smear-positive patients cured under DOTS
6. To determine mortality in TB patients after successful treatment under DOTS
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3.0. Methods
3.1. Study area and population
3.1.1. Study area
Ethiopia is the third largest and populous country in Africa (Figure 2). It covers an area of
1.1 million km2 and has a population of 76 million people. 85% of the population lives in
rural areas. It has nine regional states and two city administration. It is undergoing
enhanced health facility construction and training of health workers to improve the delivery
of health service to the community.

Ethiopia is a poor country with one of the worst health indicators in the world [96].
Communicable diseases and nutritional deficiencies are the main causes of morbidity and
mortality. However, the country is making remarkable changes by expanding health
service delivery and extending affordable primary health care to the community [80, 97].
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Table 1 selected demographic and health indicators for Ethiopia
Indicators

Rates
2008

2009

Life expectancy at birth [98]

56

55.4

Incidence of TB all forms per 105

379

378

Incidence of smear-positive TB per 105

168

163

Prevalence of TB per 105

643

579

Case detection rate of new smear-positive cases

27%

28%

DOTS treatment success rate per 105

84%

-

84

92

3.0(9.5/1.6)

2.9(9.4/1.5)

6.3%

19%

1.6% (12%)

-

TB mortality per 105
Adult HIV prevalence (urban/rural) [99]
TB HIV co-infection (new TB cases)
MDR TB new(retreatment)

SNNPRS is the third largest and populous region in Ethiopia. It is located in the south-west
part of the country. It shares international borders with Sudan and Kenya. It covers 118, 000
square km (10% of national area). It has a population of about 15 million (20% of the
national population). It has 13 zones, one city administration and eight special districts. 93%
of the population lives in rural areas. The health service coverage and user rate was 73.5 %
and 32%, respectively. TB treatment is provided in all hospitals and health centres (DOTS
coverage was 100% in hospitals and health centres). However, only 16% (354/2230) of
health facilities provide treatment to TB patients inclusive of health posts. Nevertheless,
DOT has not been implemented in health posts and HEWs do not provide DOT to TB
patients.
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Sidama zone is located in SNNPRS. It has 19 districts and two towns. It has about 3.2
million people in an area of 6,981 square km. It is one of the most densely populated
zones of the region with a population density of 463 people per square km. Fifty-five per
cent of the population lives at a two-hour walking distance from the health facilities. Dale
and Wonsho are rural districts in Sidama zone located about 50 kms from Hawassa, the
SNNPRS capital. There are 51 kebeles in the two districts.

Figure 2 - Map of the study area

Ethiopia!

Sidama!zone

Dale!and!Wonsho!districts
SNNPR!State
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3.1.2. Study population
The SNNPRS Health Bureau started implementing DOTS strategy in 1995. TB control
programme was decentralized to hospitals, health centres and health stations. TB case
finding and treatment outcome reports were complied on quarterly basis. TB patients
reported from 1995 - 2004 were enrolled to measure the performance of TB control
programme of southern Ethiopia (Paper I).

In 2005, after implementation of DOTS strategy for ten years, the prevalence of HIV and
its association with the rate of TB-HIV co-infection was estimated by enrolling pregnant
women and TB patients in the southern Ethiopia. This was performed as part of regular
HIV surveillance conducted by the SNNPRS Health Bureau. Paper II was based on the
data obtained from TB patients and pregnant women attending health facilities for
antenatal care (ANC) for the first time during the study period.

In 2006, TB patients who were successfully treated (declared cured or treatment
completed) under DOTS strategy in two rural districts of Sidama zone (Dale and Wonsho)
were retrospectively followed to the first cohort that received DOT (Paper V & VI).

Smear-positive patients from intervention and control kebeles were enrolled in a
community randomized trial conducted in the two rural districts of Sidama zone. TB
patients identified from intervention and control kebeles received DOT. These patients
were followed until they completed treatment for TB (Paper III). Prospectively cost data
was collected for these patients, caregivers and health workers to find out the cost and
cost-effectiveness of providing DOT by HEWs (Paper IV). Smear-negative and EPTB
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cases were excluded from the study. However, they received the treatment available in
intervention or control kebeles (see additional results - 5, table - 3).

3.2. Study design
The main study design was community randomized trail (Paper III). In this study, 51
kebeles from two rural districts were randomly allocated to intervention and control
groups. Kebele was the unit of randomization. We used table of random numbers for
allocation. TB patients diagnosed from the intervention kebeles were started on DOT under
the direct observation of HEWs while patients from the control kebeles received health
facility-based DOT under the direct observation of GHWs. Cost data was prospectively
collected for these patients along the main study to estimate the cost and cost-effectiveness
of providing DOT under the two treatment options (Paper IV).

In Paper II, TB patients and pregnant women were enrolled in a cross-sectional study to
find out the rate of TB-HIV co-infection and the prevalence of HIV in southern Ethiopia.
TB patients and pregnant women presenting to the health facilities were consecutively
enrolled after obtaining informed consent. HIV testing was done (from the remaining
serum after routine blood test for pregnant women and from sample collected for
surveillance of HIV in TB patients) at the Centre for Health Research Laboratory (CHRL)
at SNNPRS Health Bureau.

Paper I reports a cross-sectional study conducted to assess the ten-year performance of the
TB control programme based on the reports compiled at the SNNPRS Health Bureau. We
also conducted a retrospective cohort study to find out the recurrence and mortality rate in
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TB patients after successfully receiving treatment under DOTS strategy. TB patients who
were declared treatment completed or cured were traced to their home (Paper V & VI).
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Table - 2 Summary of the studies conducted: the design, population and the study period
Paper Titles

Study design

Study population

Study period

I.

Cross sectional

136 572 TB patients

1995 - 2004

Cross sectional

1308 TB patients

2005 - 2006

Ten-year experiences of TB
control in southern Ethiopia

II.

The rate of TB HIV coinfection

III.

IV.

V.

VI.

22

4199 Pregnant women

HEWs improved the case

Community

318 TB patients

2006 - 2008

detection and treatment

randomized trial

Cost-effectiveness of TB

Community

229 TB patients, 30

2006 - 2008

treatment

randomized trial

HEWs, 10 GHWs

TB recurrence in smear-

Retrospective

368 TB patients

1998 - 2006

positive patients

cohort study

Mortality in successfully

Retrospective

725 TB patients

1998 - 2006

treated TB patients

cohort study
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To achieve the targets of DOTS strategy, understanding the transmission of the disease,
the progress from infection to disease and effective control measures that early identify
the cases, cure the disease and maintain disease free survival of the cases and the
community is important. Therefore, increasing the awareness of the community in
prevention of the transmission, recognizing the symptoms and seeking diagnosis should
be complemented by the ability of health workers to identify the cases, provide prompt
treatment and encourage the patients to adhere to the treatment. Studies and intervention
that address these issues will be of great significance to TB control.

The aim of our study as described earlier was to improve the performance of TB control
in Ethiopia. We tried to address the challenges of TB control in southern Ethiopia in
relation to the patient, community and health system. To put our study in context we have
depicted how our studies fitted into the public health model of TB control adopted from
simulation model of case-finding and treatment in tuberculosis control programme [100,
101]. We focused on improving symptom recognition, health seeking, diagnosis,
treatment compliance, its cost-effectiveness and post-treatment consequences as shown
below (Figure 3).
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Figure 3 - The schematic presentation of the studies in the public health model of TB
control
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3.3. Data collection and management
3.3.1. Data collection tools and methods
NTLCP uses standard recording and reporting formats to monitor TB control efforts. Case
finding and treatment outcome data were complied and reported on quarterly basis from
lower to higher administrative levels (from District Health Offices ! Zonal Health
departments ! Regional Health Bureaus ! Federal Ministry of Health) and copies of the
reports were kept at all levels for official documentation ( Figure - 1 ). Ten-year TB
programme review (Paper I) was based on the copies of reports remaining at SNNPRS
Health Bureau.

In Paper II, TB patients and pregnant women were enrolled from health facilities to find
out the rate of HIV infection. Trained laboratory technicians and GHWs collected the data
using a pretested questionnaire prepared for HIV surveillance among pregnant women
and TB patients.

In paper III, smear-positive patients from intervention and control kebeles were registered
in the health facilities and were treated under the two treatment options: under the direct
observation of GHWs or HEWs. During supervision, district TB experts transcribed the
list of patients from unit TB registers in the health facilities to district TB registers. They
also cross-checked the sputum results of smear-positive cases in the TB unit register
against the smear results recorded in the laboratory register. TB case finding and
treatment outcome data were quarterly reported from district TB register using standard
reporting formats.

25

Daniel Gemechu Datiko

Improving Tuberculosis Control in Ethiopia

In Paper IV, smear-positive patients from intervention and control kebeles were
prospectively enrolled and cost data was obtained using a structured questionnaire.
Trained GHWs and HEWs interviewed the patients and caregivers about the travel time,
transport cost and costs related to visit to health facilities or health posts for treatment.
Similarly, the cost data for HEWs and GHWs was collected by trained data collectors
from the two districts. The salary of established positions, budget expenditures, medical
equipments, vehicles and buildings were obtained from health facilities, district health and
finance offices. Joint costs were shared based on the proportion of time used for TB
control. Capital items were annualized using 30 years for buildings, 10 years for
equipments and 5 years for motorbikes as an expected useful life. The base year for
valuing cost was 2007, and the applicable exchange rate was 8.6 Ethiopian birr for 1
USD.

In Paper V & VI, TB patients who were treated since the start of DOTS in the study area
were retrospectively followed in the two districts. The lists of TB patients who were
declared treatment completed or cured were obtained from unit TB registers in the health
facilities and district TB registers. HEWs collected the data about the current status of the
patients if they were alive or dead. This was done by taking registered history of TB
patients from unit registers for prior successful treatment in health facilities and recent
history of TB was obtained by making house-to-house visits. The data about recurrence or
rediagnosis of TB after successful treatment was confirmed by cross-checking with the
list of TB patients on unit or district TB registers.
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3.3.2. Study management
The study team consists of HEWs, GHWs, district HEP experts and TB programme
experts at Districts, Zone and Region including the principal investigator and the
supervisor.

The HEWs were responsible for case finding and provision of DOT in an intervention
kebeles. They also conducted house-to-house visit to collect data about post-treatment
follow-up of TB patients and cost data for patients receiving treatment in their kebeles.

The GHWs were responsible for supervising the TB control activities conducted by
HEWs, registration of TB patients in the unit TB register, provision of drugs and supplies
to the health post and providing DOT for patients receiving treatment in health centres.

The district HEP experts were responsible for coordinating the activities of HEWs in TB
control; and District TB programme experts were responsible for providing drugs and
supplies, coordinating the activities, ensuring the completeness and consistency of the
recording and reporting in the health facilities and report the quarterly performance of
district TB control programmes. TB and Leprosy Control Programme experts from zone
and region also conducted supportive supervision to the districts, health facilities and
kebeles.

The principal investigator was responsible for organizing and supervising the overall
conduct of the studies and reports the activities to the supervisor who also facilitated the
administrative and technical issues to accomplish the work and conducted the field visits.
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3.3.3. Data safety and quality assurance
Effective delivery of an intervention requires both that the providers adhere to the
intervention procedure and that the participants cooperate appropriately [102]. To ensure
this, HEWs, GHWs and TB programme experts were trained about community-based TB
care and its implementation. The trainees received copies of training documents and field
guides prepared in Amharic (official language of Ethiopia) to use it as a reference. This
was accompanied by supportive supervision: GHWs supervised HEWs, reviewed the
conduct of case finding and treatment, and checked the completeness and accuracy of the
cost and post-treatment follow-up data. They also crosschecked patient data by making
home visits and interviewed the patients in their kebeles.

District TB programme experts conducted supportive supervision to health facilities and
kebeles. The district programme experts checked the completeness and accuracy of the
data, the recording and reporting of patients, the patient follow-up and the availability of
resources. The experts also cross-checked the data from unit TB register with the
laboratory register in the same health facility, the data from health facilities against the
data from the kebeles and the patients. They also collected slides from diagnostic units for
blind rechecking as part of external quality assurance and it was done at CHRL as per the
recommendation of the NTLCP. The district health office reviewed the community-based
TB care and other health activities on quarterly basis. Regular supervision was also
conducted by the investigator and TB programme experts from the SNNPRS Health
Bureau. The six months performance of the community-based TB care was conducted in
Yirgalem.
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Definition of terms
TB Diagnosis, classification, case definitions and treatment outcomes were dealt with in
individual papers. Some important terms are defined below.
Failure: refers to a patient who remains or becomes smear positive at 5th month or later.
Cured: refers to smear-positive patient who is smear-negative at the last month of
treatment and at least on the previous occasion (at 2nd or 5th month).
Treatment completed refers to a smear-positive patient who completed full course of
treatment but does not have smear result at 7th month of treatment or does not fulfil the
criteria to be classified as failure; or smear-negative and EPTB patients who completed
the full course of treatment.
Case detection rate: is the number of smear-positive patients detected of the estimated
new smear-positive patients expressed in percentage.
Treatment success rate: is the number of TB patients cured or treatment completed of the
total TB cases reported expressed as percentage
Relapse: refers to rediagnosis of smear-positive TB in patients after successful treatment.
Recurrence: refers to rediagnosis of TB in patients who were declared cured or treatment
completed in the past with or without smear positive result. It also included relapse cases.

3.4. Study outcome measures
The main study outcomes were CDR, TSR, proportion of HIV infected, mortality,
recurrence of TB and cost per patient successfully treated.

TB patients were classified into smear-positive, smear-negative and EPTB cases based on
the smear result and the site involved. The treatment outcomes were cured, treatment
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completed, default, failure, transfer out and died (appendix I & II). In Paper I, CDR and
TSR were used to measure the performance of TB control programme as recommended
by WHO [77].

In Paper V & VI, recurrence and mortality were used to measure the post-treatment
condition of the TB patients. In Paper II, HIV test results were done using ELISA test. A
societal perspective of cost estimation was used to find out the average cost per patient
successfully treated (Paper IV).

3.5. Sample size and statistical analysis
For the community randomized trial, we used the CDR of 41% (an average of previous
three years from 2003 - 2005 for the study area) [additional results -1, table - 1]. We
estimated the number of clusters needed on the basis that community-based case finding
to increase the CDR by 30% using power of 80%, 95% confidence interval and
accounting for 30% loss to follow-up. Based on the principle of allocating unequal
clusters, 21 kebeles were assigned to control while 30 were allocated to intervention
groups. TB patients who received treatment in the study area were included in the costeffectiveness study (Paper III & IV). As indicated in the individual papers, we enrolled
and analyzed the available data as a whole and the number of patients evaluated was large
enough for multiple comparisons (Paper I, II, V & VI).

Microsoft Excel and SPSS for Windows 14 were used for data entry and analyses.
Independent t-test and one way analysis of variance were used to compare the mean CDR
and TSR for cluster level values and to determine the intraclass correlation coefficient
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(Paper III), respectively. Average cost of treating smear-positive patients was divided by
the number of patients treated successfully. One way sensitivity analysis was done to
determine the cost-effectiveness of the intervention (Paper IV)

Logistic regression analysis was used to estimate the effect of predictor variables on the
rate of HIV infection among TB patients and pregnant women. Linear regression analysis
was used to estimate the amount of variation explained by predictor variables (Paper II).

Kaplan-Meier and Cox Regression method were used to evaluate event free (death or
recurrence) survival and the relative effects of selected variables, respectively. Log rank
test and hazard ratios were used for statistical significance. We calculated SMR using
indirect standardization method (Paper V).

3.6. Ethical considerations
The Ethical Review Committee of the SNNPRS Health Bureau approved the studies. In
consultation with the NTLCP, discussion was held with TB programme experts at zone,
districts and health facilities about community-based TB care. Subsequently similar
discussion was held with kebele leaders and we obtained community consent. Enrolment
of the study participants was done after obtaining informed consent from individual study
participants. The participants were also informed about the right to withdraw from the
study without compromising their future care. PTB suspects that were smear-negative for
acid fast bacilli were given free antibiotic treatment as part of diagnostic work up
recommended by the NTLCP. In Paper II, study participants who wanted to know their
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HIV status were advised to visit the voluntary counselling and testing unit in the same
health facility or in the nearby.
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4.0. Synopsis of the Papers
4.1. Paper I: Ten-year Experiences of Tuberculosis Control Programme in Southern
Region of Ethiopia

Implementation of the DOTS strategy started in 1995. It was decentralized to zones,
districts and health facilities. Monitoring and evaluation is one of the components of the
DOTS strategy to understand its performance. We aimed to find out the effectiveness
decentralization on TB case finding and treatment outcome in southern Ethiopia.

The result of the study was based on the official reports of TB control programme over
ten years. The diagnosis and treatment, case notification and treatment outcome reports
were based on the recommendations of NTLCP.

In 2004, 94% of the health facilities (hospitals, health centers and health stations)
implemented the DOTS strategy. 136 572 cases were registered in ten years; of these,
47% were smear-positive, 25% were smear-negative and 28% had EPTB. The smearpositive case notification rate increased from 45 to 143 per 105 population. Similarly, the
CDR increased from 22% to 45%, and the TSR from 53% to 85%. The defaulter rate
decreased from 26% to 6%.

Decentralization of DOTS strategy improved the case detection and treatment success of
TB patients. TB control programme achieved 85% treatment success; however, with the
current low CDR (45%), the 70% WHO target seems unachievable in the absence of
alternative case-finding mechanisms.
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4.2. Paper II: The rate TB-HIV Co-infection Depends on the Prevalence of HIV
Infection in a Community

Limited knowledge about the rate of HIV infection in TB patients and the general
population compromises the planning, resource allocation and prevention and control
activities. We aimed to determine the rate of HIV infection in TB patients and its
correlation with the rate HIV infection in pregnant women attending ANC.

TB patients and pregnant women attending health facilities were enrolled in 2004 - 2005.
TB diagnosis, treatment and HIV testing were done as per the National guideline. Logistic
regression and linear regression analysis were used to determine the risk factors and the
correlation between HIV infection in TB patients and pregnant women, respectively.

Of the 1308 TB patients enrolled, 226 (18%, 95%CI: 15.8 - 20.0) were HIV positive. The
rate of HIV infection was higher in TB patients from urban (25%) than rural areas (16%)
[AOR = 1.78, 95%CI: 1.27- 2.48]. Of the 4199 pregnant women, 155 (3.8%, 95%CI: 3.2 4.4) were HIV positive. The rate of HIV infection was higher in pregnant women from
urban (7.5%) than rural areas (2.5%) [OR = 3.19, 95% CI: 2.31- 4.41]. In the study
participants attending the same health facilities, the rate of HIV infection in pregnant
women correlated with the rate of HIV infection in TB patients (R2 = 0.732).

The rate of HIV infection in TB patients and pregnant women was higher in urban areas.
The rate of HIV infection in TB patients was associated with the prevalence of HIV
infection in pregnant women attending ANC.
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4.3. Paper III: Health Extension Workers Improve Tuberculosis Case Detection and
Treatment Success in Southern Ethiopia: A Community-Randomized Trial

Early case finding and prompt treatment of smear-positive cases is at the centre of DOTS
strategy. Unfortunately, the CDRs remain low in many countries. We aimed to find out if
involving HEWs in TB control improves smear-positive CDR and TSR in Southern
Ethiopia.

Community randomized trial was conducted in 51 kebeles in two rural districts of
southern Ethiopia. HEWs from the intervention kebeles were trained on how to identify
suspects, collect sputum specimen and provide DOT.

230 smear-positive patients were identified from the intervention and 88 smear-positive
patients from control kebeles. The mean CDR was higher in the intervention than in the
control kebeles (122·2% vs. 69·4%, p < 0·001). More females were identified in the
intervention kebeles (149·0% vs. 91·6%, p < 0·001). The mean TSR was higher in the
intervention than control kebeles (89·3% vs. 83·1%, p = 0·012) and for females (89·8%
vs. 81·3%, p = 0·05).

Involving HEWs in sputum collection and treatment improved smear-positive CDR and
TSR possibly because of an improved access to the service that reduced socioeconomic
burden on TB patients. This could be applied in settings with low health service coverage
and shortage of health workers.
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4.4. Paper IV: Cost and Cost-effectiveness of Treating Tuberculosis by HEWs in
Ethiopia: An ancillary Cost-effectiveness Analysis of a Community Randomized
Trial

Increasing number of TB cases due to HIV infection and worsening socioeconomic
conditions have affected the already overstretched health system. Therefore, alternative
strategies that increase the effectiveness of identifying and treating TB patients at lower
cost are required. We present the cost and cost effectiveness of involving HEWs in TB
treatment.

Comparison of two treatment options, DOT by HEWs and GHWs was done along a
community randomized trial. Costs were analyzed from societal perspective in 2007 in
US $ using standard methods. Cost-effectiveness was calculated as the cost per smearpositive patient successfully treated.

The total cost per successfully treated smear-positive patient was higher in health facilities
($161.9) compared to the treatment in the community ($60.7). Community DOT (CDOT)
reduced the total, patient and caregiver cost by 62.6%, 63.9% and 88.2%, respectively.
The cost of involving HEWs ($8.8) was 14.3% of total cost per patient for CDOT.

Involving HEWs in TB treatment is a cost-effective treatment option to health service,
patients and caregivers. There is an economic and public health reason to involve HEWs
in TB treatment in Ethiopia. However, due attention should be paid to ensuring initial start
up investment to implement CDOT, resources, training and regular supervision.
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4.5. Paper V: Tuberculosis Recurrence in Smear-positive Patients Cured Under
DOTS in Southern Ethiopia: Retrospective Cohort Study

Decentralization of DOTS has increased the number of cured smear-positive patients after
completing treatment. However, the rate of recurrence has increased mainly due to HIV
infection. Thus, recurrence rate could be taken as an important measure of long-term
success of TB treatment. We aimed to find out the rate of recurrence in smear-positive
patients cured under DOTS strategy in southern Ethiopia.

We retrospectively enrolled smear-positive patients who were reported cured from 1998
to 2006. Recurrence of smear-positive TB was used as an outcome measure. Person-years
of observation (PYO) were calculated per 100 PYO from the date of cure to date of
interview or date of recurrence as registered in unit TB registers. Kaplan-Meier and Coxregression methods were used to determine the survival and the hazard ratio (HR).

368 cured smear-positive patients cured under DOTS were followed for 1463 personyears. Of these 15 smear-positive patients had recurrence. The rate of recurrence was 1
per 100 PYO (0.01 per annum). Recurrence was not associated with age, sex, occupation,
marital status and level of education.

High recurrence occurred among smear-positive patients cured under DOTS strategy.
Further studies are required to identify factors contributing to high recurrence rates to
improve disease free survival of TB patients after treatment.
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4.5. Paper VI: Mortality in Successfully Treated Tuberculosis Patients in Southern
Ethiopia: Retrospective Follow-up Study

Tuberculosis control programme aims at identifying the highly infectious TB cases and
successfully treat them. However, there is no routine monitoring of TB patients after
treatment completion.We aimed to measure excess mortality in successfully treated TB
patients.

We retrospectively enrolled TB patients who were treated and reported cured or treatment
completed from 1998 to 2006. Mortality was used as an outcome measure. Person-years
of observation (PYO) were calculated per 100 PYO from the date of completing treatment
to date of interview if the patient was alive or to date of death. Kaplan-Meier and Coxregression methods were used to determine the survival and the hazard ratio (HR).
Indirect method of standardization was used to calculate the standard mortality ratio
(SMR).

725 TB patients were followed for 2602 person-years. 91.1% (659 of 723 patients) were
alive while 8.9% (64 of 723 patients) had died. The mortality was 2.5% per annum. Sex,
age and occupation were associated with high mortality. More deaths occurred in nonfarmers (SMR=9.95, 95%CI: 7.17 - 12.73).

The morality was high in TB patients compared with the general population. More deaths
occurred in non-farmers, men and elderly. Further studies are required to identify the
causes of death in these patients.
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Additional results
To enrich the understanding of the context and the significance of the studies, some
important data that were not part of the individual studies were added here. These are the
baseline data, the duration of presentation for seeking diagnosis in the community, cases
identified, cost of seeking diagnosis in public health facilities and treatment outcome of
smear-negative and EPTB cases.

1. Baseline data: smear-positive case detection and treatment success rates

Table 1. CDR and TSR of smear-positive cases in the study area, 2003 - 2005
Kebeles

Case detection rate

Treatment success rate

2003 2004 2005 Average

2003 2004 2005 Average

Control kebeles

35%

53%

40%

43%

86%

91%

82%

86%

Intervention kebeles

23%

50%

42%

38%

80%

87%

84%

84%

Total

28%

51%

41%

40%

82%

88%

84%

85%

*

3 years average TSR for smear-negative and EPTB cases was 77% and 79%, respectively.

2. Duration of cough on presentation: in the intervention kebeles, of the total 723 PTB
suspects who produced sputum for examination, more females (65%) were enrolled than
males (35%). Most of the suspects (75%) visited health post within 2 - 4 weeks of the
onset of cough. The duration of cough was in the range of two weeks to six months in the
first month of the intervention. It decreased as the sputum collection continued from the
first month to the last month of the intervention.
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3. smear-positive cases identified: case notification rates of smear-positive cases

Table 2. Smear-positive case notification rates in the study area, 2006 - 2007
Variable

Intervention

Control Mean difference

P - value

(95%CI)
CNR per 10

5

124

69

55.2 (8.4 - 102.1)

0.022

Men

115

79

35.8 (-11.9 - 83.5)

0.138

Women

134

65

68.5 (7 - 130)

0.030

Spring

96

73

23.8 (- 48.2 - 95.8)

0.510

Winter

121

40

80.9 (33.8 - 127.9)

0.001

Autumn

79

55

23.8 (-27.1 - 74.7)

0.352

Summer

107

48

59.3 (-1.5 -120.2)

0.056

By season

4. The cost of seeking diagnosis in control kebeles: household cost of seeking TB
diagnosis in public health facilities for smear-positive patients from control kebeles
accounts for the loss of about 10 working days or US$ 12.9 [10% of the GDP in
2007($130)], at its least estimate. This did not include the waiting time in the health
facilities (at outpatient department, laboratory, x-ray unit and TB room).

5. Treatment outcome smear-negative and EPTB cases: Of 265 smear-negative and
EPTB cases, 171 cases were from the intervention while 94 cases were from control
kebeles. Of these, 75% (128/171) from intervention and 42% (39/94) from control kebeles
were treated successfully. The TSR was higher in the intervention than control kebeles for
smear-negative cases (p-value = 0.01). However, the TSR for EPTB cases was higher in
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the control than intervention kebeles (p-value = 0.004). This was due to six deaths in
EPTB cases of which four deaths occurred after admission to hospital.

Table 3. Treatment outcome of smear-negative and EPTB cases in the study area,
2006 - 2008

TB

PTB -

EPTB

*

Groups

*

Number of cases

TSR

Male

Female Total

Female Male

Total

Control

21

53

74

53%

62%

58%

Intervention

54

50

104

89%

82%

87%

Control

13

7

20

86%

92%

90%

Intervention

40

27

67

74%

63%

70%

ICC

TSR - treatment success rate **ICC - intraclass correlation coefficient
NB: the TSR was adjusted for clustering under the two treatment options.

41

Daniel Gemechu Datiko

**

0.0000714

0.0000797

Improving Tuberculosis Control in Ethiopia

6. Baseline comparison of TB cases enrolled for post-treatment follow-up

Table 4. Comparison of TB cases enrolled and lost to follow-up in the study area,
1998 - 2006
Variables
†

Age (mean/SD )

TB patients

TB cases lost to

followed-up n (%)

follow-up n (%)

26.9(13.9)

26.6(10.5)

sex
Male

379(52%)

37(53.6%)

Female

350(48%)

32(46.4%)

TB classification
PPOS

429(59.2%)

32(46.4%)

PNEG

165(22.8%)

23(33.3%)

EPTB

131(18.0%)

14(20.3%)

TB category
New
Others

‡

718(99.2%)

68(98.6%)

6(0.8%)

1(1.4%)

Treatment outcome

*

Cured

403(55.9%)

29(42.0%)

Treatment completed

318(44.1%)

40(58.0%)

X2

p-value

0.2*

0.84

0.07

0.79

4.9

0.85

0.28

0.59

4.88

0.03‡‡

df = 92.3 mean difference = 0.28, † SD = standard deviation, ‡others = relapse and transfer-in

‡‡

More cases were lost to follow-up among treatment completed (missed sputum examination at 7th month)
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5.0. Discussion
5.1. Discussion of the methods
5.1.1. Study design
The main study design was community-randomized trial in which intact social units or
group of individuals are assigned to intervention or control groups. This study design is
applied when individual allocation is not possible or desirable. It is a preferred design
when an intervention involves groups is applied at the level of health organizational units
or geographic area, is unethical to administer it to individuals, cheaper and convenient to
administer and when reduction of contamination is required [103-106]. This design may
be more important in developing countries, particularly in rural areas where the sense of
community is strong, and community consent and cooperation are essential [107]. We
conducted our study in two rural districts (Dale and Wonsho) at programme (health
organizational unit) level using health workers in the districts (Paper III).

Cluster randomization trials lack the independence of observations and violate the main
assumption of statistics. This influences the design and analysis; the standard approaches
to sample size estimation and analysis no longer apply. Moreover, during recruitment,
clusters may withdraw (in our case HEWs in a cluster may not recruit participants) which
may lead to empty clusters. However, the shortcomings may be overcome by randomized
allocation, increasing number of clusters (small sized clusters are more efficient), followup during the intervention and adjusting for clustering during analysis. Randomization
ensures similar distribution of known or unknown sources of bias except for a chance or a
real effect of an intervention [104, 108-110].
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In Paper III, we completely randomized the clusters using table of random numbers,
adjusted for clustering and used intention-to-treat analysis that is a pragmatic approach.
We did not have cluster level withdrawal but had three empty clusters one from
intervention and two from control groups which reflects what happens in practice under
programme conditions. However, this is less likely to affect the results of our study due to
fact that we added thirty percent of calculated clusters as a contingency to compensate for
loss to follow-up. The conduct of the study requires two level ethical consideration due to
participant involvement at individual and cluster level [107]. We obtained informed
consent at the two levels, from the community leaders and the patients.

Cohort studies can be thought as natural experiments in which outcomes are measured in
realistic setting [111]. Cohort studies follow two or more groups from exposure to
outcome. It can be done ahead in time from present (prospective), in the opposite
direction (retrospective), or in both directions. Retrospective cohort studies require good
records of past exposure for a group of people who can be traced to find out their current
status [112]. In Paper V & VI, TB patients who were successfully treated under DOTS
strategy were retrospectively followed-up. The list of patients was obtained from unit TB
registers in health facilities and this was crosschecked with the list of patients in the
district TB register and the quarterly reports. Then the patients were traced to their place
of residence.

Cohort studies are useful to find out incidence and natural history of a disease. They allow
estimation of incidence rates, relative risks and other outcome measures using survival
methods. It also reduces the risk of survivor’s bias in conditions that are rapidly fatal [43,
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112, 113]. The design is appropriate for studying rare exposures and helps to measure
multiple outcomes that might follow an exposure. Selection bias and loss to follow-up can
be a problem. In Paper V & VI, patients were followed to the place of their residence by
house-to-house visit and the degree of loss to follow-up was minimal (less than seven
percent). Cohort studies by nature are time consuming and expensive. However, the
benefit: cost ratio of efficient cohort study is high and retrospective cohort studies
generally reduce cost [43, 112]. In Paper V & VI, we believe that the cost of conducting
the studies was low for we involved HEWs, used unit TB registers at health facilities and
employed standard population for comparison of mortality.

Cross-sectional study defines the scope of a problem (descriptive), identifies possible
casual risk factors (analytic) and captures its prevalence. It is useful to generate
hypothesis, to examine unchanging exposures (sex, blood group) that occurred many
years back. However, cross-sectional studies have in built ‘chicken or egg’ dilemma and
selection bias [114]. We enrolled all TB patients and pregnant women available during the
study period. Therefore, selection bias is less likely to affect the results.

5.1.2. Validity of the studies
The results of any research are only as good as the data upon which they are based.
However, data may be affected by the study participants, instruments used, people’s
memories and biological variation. As a result, no epidemiological study will ever be
perfect except to minimize errors as far as possible, and then assess the practical effects of
any unavoidable error [115]. The validity of epidemiological study, therefore, depends on
the study design, the study conduct and data analysis [112]. In relation to the population
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to which the conclusion is drawn, the term validity refers to two population groups, the
study population (internal validity) and general population (external validity).

Internal validity
Internal validity refers to the accuracy of measuring what the study is designed to measure
in the study participants or refers to the extent to which the results of the study reflect the
true situation in the study sample. It is natural to take delight in interesting findings.
However, the findings of a study could be explained by other facts than the study itself. It
could be due to chance, bias and confounding that should be ruled out through closer
evaluation of the study design, the selection of the study participants and the data analysis.
The possible alternative explanations for study results are briefly discussed below.

Chance (random sampling error)
It refers to random error or the probability that variability in sampling explains the
observed result. The role of chance is measured by conducting the test of statistical
significance or by estimating the confidence interval. It could be reduced by taking
adequate sample size [115, 116]. In Paper I, II, V & VI, we consecutively enrolled TB
cases diagnosed in public health facilities employing adequate sample size.

Properly conducted intervention studies reduce the probability of chance. It is assumed
that randomization could take care of the chance occurrences of outcomes under study
[102, 104]. In Paper III & IV, due to the random allocation of adequate number of clusters
it is less likely that the results were affected by chance.
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Selection bias (systematic sampling error)
This is a systematic distortion that results from procedures used to select subjects and
from factors that influence study participation. This occurs when study participants are
selected inappropriately, using different criteria, or upon prior knowledge about their
exposure or outcome. Selection bias could also arise due to self-selection of volunteers,
ascertainment of exposure or outcome on basis of prior knowledge, one-sided low
response rate or loss to follow-up and enrolling healthy workers. It should be considered
and reduced in the design and conduct of a study by using a clearly defined eligibility
criteria [112, 115, 117].

In Paper I, TB patients reported over ten years were included in the study. It is possible
that poor outcomes might not be reported. However, the treatment outcome data was
crosschecked against the previously reported case finding which was used to calculate the
treatment outcomes. In addition, only about 4% of all TB cases were not evaluated for
which incomplete recording could be one of the reasons [118]; in one of the zones in the
region, as high 17.5% of TB cases were not evaluated and treatment was not registered for
them[119]. TB patients were prospectively (Paper III & IV) and retrospectively (Paper V
& VI) followed to their place of residence. In Paper V & VI, the list of patients was
obtained from the TB unit registers available in the health facilities where the patients
received treatment; in this case the registration was less likely to be affected by the
outcomes of the cases. In Paper II, we consecutively enrolled all TB patients and
pregnant women available during the study period. Therefore, it is less likely that the
results are affected by selection bias. However, ecological fallacy could be a problem for
we used aggregate data of few study sites to estimate the correlation (Paper II).
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In intervention studies, participants lost to follow-up and protocol deviation can occur at
the level of the cluster (cluster withdrawal or lost to follow-up or inactive cluster) or the
individual (participant withdrawal or lost to follow-up, or transfer from one cluster to
another). However, this could be improved by regular follow-up and by intention-to-treat
analysis [110]. In Paper III and IV, there was no cluster level withdrawal and individual
level loss to follow was minimal to affect the comparability of the groups. Moreover,
analysis using cluster as unit of analysis and cluster level values maintains comparability
of the groups.

In Paper V, we found that no baseline difference between the cases enrolled in the study
compared to those who were lost to follow-up and moved to other places except in the
difference in treatment outcome (additional results - 6, table - 4). However, there was no
difference in mortality and recurrence among those who were reported cured or treatment
completed (Paper V & VI).

Information (measurement) bias
It is a systematic error that results from systematic differences in the way exposure or
outcome data are obtained. This can be reduced by using eligibility criteria, defined
exposure or outcome, objective and structured questionnaire and maintain blinding of the
participants to exposure or outcome. In addition, implementation of standardized training
using written protocol, administering the data collection under uniform conditions,
conducting regular supervision and quality check could reduce information bias [117].
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In our studies, standard case and treatment outcome definitions, laboratory examination
method, registers and reporting formats were used. GHWs and laboratory technicians
were trained. CHRL prepared reagents for sputum examination and distributed to the
districts. Slides were collected for quality control to assure the quality of the tests as per
the recommendation of NTLCP (CHRL reported 98% concordance with the slides from
the peripheral laboratory in the study area). In addition, TB control programme experts
and the investigator supervised the health facilities to follow the conduct of the studies.
The data about rediagnosis was confirmed by cross-checking the report against unit TB
registers in health facilities (Paper V). The diagnosis of smear-negative and EPTB had a
component of subjective decision by the clinicians. However, the use of uniform training
materials and case definitions based on the NTLCP guideline and working under similar
setting (GHWs and the health facilities providing diagnostic service) could reduce the
effect of subjective decision.

In the cost-effectiveness study (Paper IV), we included smear-positive cases diagnosed
during the study period. The travel time and related costs were cross-checked against the
travel distance and existing market price by the HEWs and GHWs who know the
estimates of travel time and related costs. The fact that we did not give incentives or
refund the expenses makes the estimate reasonable for the travelled distance and related
expenses. Thus, we believe that the measurements were less prone to bias to significantly
affect the study results.
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Confounding
It refers to a mixing of effects that can occur when the results of a study are confused by
effect of a third factor that is associated with both the exposure and the outcome but not
an intermediate between them. Confounding occurs when a confounding variable is
distributed unevenly across study groups and can lead to either overestimation or
underestimation of the effect size, completely hide and in extreme cases reverse the
direction. This is a major problem in observational studies and in some non-randomized
trials if they are small. In such cases, increasing the size of the study does not make any
difference to the size of confounding. However, it can be reduced at design stage by
randomization, matching and restriction; and at stage of analysis by stratification and
multivariable modelling [112, 115, 117, 120, 121].

In our studies, randomization (Paper III & IV), multiple logistic regression (Paper II) and
Cox proportional hazard regression (Paper V & VI) were done to control for confounders.
Randomization deals not only with confounders that are known and can be measured but
also with other unrecognizable or unmmeasurable confounders in the study group that
makes the results less likely to be affected by confounding except for the play of chance.
In addition, in the analysis, we stratified the data by age, sex, residence, TB classification
and category (Paper II) and by sex, level of education, marital status, occupation and TB
classification (Paper V) to control for confounders in the analysis. However, in Paper II,
using aggregate data made it difficult to control for confounding factors. Generally, if
confounding is not evaluated, invalid and potentially dangerous results could be
extrapolated to the study and general population [121] while controlling for cofounding
ensures the internal validity of the study, a prerequisite for external validity.
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External validity (Generalizability)
It refers to the applicability of the results to the people outside the study population. The
applicability of the study results outside the study setting depends on the feasibility of
conducting it under routine care and its acceptability [122]. In addition, using broader
eligibility criteria increases the applicability of the findings to a wider population [123].

The results of Paper III could be applied in settings with low health service coverage (low
DOTS coverage and limited number of TB laboratories), where HEWs have the first
contact with the people to provide health education, and collect and transport sputum
specimens and provide DOT. It is considered that, this makes the service patient-centred
and improve the case finding and treatment adherence [124]. The study area is a densely
populated agrarian community, typical of the rural population on the Ethiopian highlands.
It could also be applied in areas with a shortage of health workers, especially laboratory
technicians, with or without adequate health service coverage.

In the studies, we used the existing health service (health centres and health posts) and
health workers (GHWs and HEWs) within the policy provision of community-based
initiative. The study employed the routine TB care and decentralized service to the
community without requiring the patients to make extra visits for the purpose of the study.
This reduced the distance travelled by the patients and caregivers, travel time and related
expenses. This might have increased the time for productivity by caregivers and possibly
by the patients.
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We believe that it was acceptable by the community as the patients received treatment
under direct observation of HEWs (a member of their kebele) at health post in the kebele
(the closest health facility to their living place) and possibly culturally acceptable as the
patients did not travel out of their kebeles and were treated by HEWs who understand the
culture and speak their language. Moreover, the improved TSR for smear-negative and
EPTB add to the applicability of the intervention to all forms of TB (additional results - 5,
table - 3). However, TB patients should be carefully evaluated for their general condition
at diagnosis and during follow-up. Generally the implementation of our intervention in
different kebeles with different TB incidence, prevalence and varying performance of TB
control programme makes it more applicable.

The intervention required initial investment to start community-based TB care. But,
compared to the benefits of improving case finding, reducing disease transmission and
improving the treatment outcome; and cost implication to the patients, households and the
health service, the researchers strongly believe that it is valid to apply to broader
population. The results of the study could be applied in settings with limited health
service coverage and shortage of health workers including laboratory technicians, which
exists in many developing countries. The implementation should be done step-by-step to
learn from the experience and improve its performance by dealing with emerging
challenges.

5.2. Discussion of main findings
Decentralization of TB control programme to peripheral health facilities increased access
to the service and increased the number of cases identified and treated. In our study area,
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involving HEWs in TB control improved the case detection and treatment success rates. It
was also economically attractive for the patients, the household and the health service.
This is one of the ways to overcome the challenges of the TB control programme in
settings with low health service coverage and shortage of health workers in the face of
HIV epidemic.

5.2.1. The role of general health workers in health facility DOT
The introduction of DOTS strategy, in response to the increasing global burden of TB, is
an important landmark in the history TB control. DOTS strategy aims to detect 70% of
incident smear-positive cases and cure 85% of them through early case finding and
providing prompt treatment.

The implementation of DOTS strategy was started in hospitals followed by
decentralization to peripheral health facilities and later involved all care providers and the
community. Decentralized implementation of the DOTS strategy has successfully
improved the TSR of smear-positive cases. However, its effectiveness in CDR was
limited mainly due to low health service coverage, shortage of health workers, HIV
epidemic, MDR TB and inadequate involvement of the available care providers [19, 124127]. In Paper I, decentralization of DOTS to peripheral health facilities increased the
TSR from 53% to 85%. However, its effectiveness in improving the CDR was limited; it
increased from 22% to 45%, far below the target to effectively reduce the incidence of
smear-positive cases [14]. Similarly low CDR was reported in a study conducted in rural
districts of southern Ethiopia. However, the possible explanations given were treatment of
adequate number of TB cases by the decentralized implementation of DOTS that reduced
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the incidence and prevalence of TB or low disease burden in the study area [119].
However, our findings suggested that backlog of cases were not adequately reached by the
DOTS strategy to reduce the incidence and prevalence of TB due to the prevailing low
health service coverage and its utilization.

Moreover, TB diagnosis and treatment was limited to health centres and hospitals. In such
cases, TB suspects and patients travel long distance; have out of pocket expense and loss
of productivity to seek diagnosis and treatment. This could be improved by creating
awareness about TB in the community. However, this can also have impact on case
finding if optimally functioning diagnostic and treatment facilities are available within the
reach of the community. It is therefore required of TB control programme to identify
alternatives that reduce the cost of the health service and the community to access the
service. The contributions of the community health workers specifically HEWs in our
settings are discussed below.

5.2.2. Community involvement in TB control
Community participation and contribution to health system was recognized as an essential
element of public health interventions and primary health care [128]. After long silence,
the following reasons called for renewed interest to look for cost-effective alternatives to
deliver diagnostic and treatment services to TB patients. Decentralization of TB services
did not increase the access to the services as expected mainly because of inadequate
health service coverage, insufficient decentralization of both diagnostic and treatment
services and shortage of health workers and resources. This was worsened by the
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increased burden of TB that overstretched the existing health services in many countries
[69, 129].

In Ethiopia the main challenge for NTLCP continues to be low CDR. Attempts to increase
CDR through deploying HEWs and training GHWs to identify and refer suspects has not
yet demonstrated an increase in CDR. This suggests the existence of problems in the
health system that needs alternative approaches to improve the programme performance
[130].

Community-based case finding
TB diagnosis depends on examination of patients that visit health facilities. However, the
awareness about TB, socioeconomic status, culture, access to the health service, the
quality of the service and the interplay among these factors affect the health seeking
behaviour of the community. Cognizant of the interplay between these factors, TB
diagnosis was primarily considered to be the role of GHWs. However, evidences show
geographic expansion DOTS strategy to have less effect on improving case finding [125].
Similarly, in our setting (Paper I), DOTS expansion (treatment and diagnostic units)
improved the TSR while the CDR remained far below the target.

To improve the CDR in our setting, the role of community in TB case finding that
involves activities such as raising awareness of TB, advocacy for adequate resources and
proper care, identification and referral of TB suspects and supporting patients during
treatment was revisited [14]. In Paper III, we involved HEWs in identifying PTB suspects,
sputum collection and transportation to diagnostic units and administration of DOT. This
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has successfully increased the CDR in the intervention group (122%) compared to the
control group (69%). The main reasons were increased access to diagnostic facilities that
was created (by sputum collection in the kebeles and its transportation to diagnostic units
by HEWs). The intervention improved geographic and economic access to the rural
community. In addition, more women suspects were examined (additional results - 2) and
more smear-positive cases were detected among them. This could be one of the
explanations why less women TB cases are reported in DOTS strategy. We believe that
our intervention addressed socio-cultural and economic factors that affected the heath
seeking behaviour of women. In addition, for every smear-positive case detected in health
facilities existed two undetected smear-positive cases in the community. Though,
attractive the case fining is the adherence of the patients to treatment and the cost
effectiveness of involving HEWs in TB control should be clearly outlined.

Community-based DOT
DOT is only one range of measures aimed at promoting treatment adherence. Thus, the
fight against TB, a scourge to humanity, requires a concerted effort of the health system,
care providers and the community. This presupposes a patient-centred service that is
easily accessible, convenient and acceptable without compromising the treatment success.
To this end a range of community members, TB patients, families, community leaders and
CHWs were involved in providing DOT. Community DOT was found to be as effective
as the health facility based DOT [126, 131-133]. The study (Paper III) has shown
community DOT - treatment by HEWs to be more effective than the health facility DOT
in our setting. The TSR was 89% in the community and 83% under health facility DOT.
In addition, the rate of defaulter, failure and transfer out was low in the community-based
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approach. This could be mainly due to the improved geographic and socioeconomic
access created by providing DOT in the community.

Cognizant of the argument that treatment success should be improved prior to increasing
the case detection, except for improving the TSR the effectiveness of CHWs in improving
the CDR was limited [133, 134]. This could be due to the fact that the role of CHWs was
limited to improving treatment adherence and providing health education. Is this a failure
of DOTS strategy? [127] In our study, we have explored option of involving HEWs in
sputum collection and improved the CDR. However, the cost-effectiveness of involving
HEWs in sputum collection required further study.

Cost-effectiveness of community DOT
Health interventions of public health importance should be cost-effective. This is of most
use in situations where a decision maker, operating with a given budget, is considering a
limited range of choices within a given field.

Studies show that involving CHWs in providing DOT is a cost-effective alternative for
economic reasons for the patients, household and health service. Compared to health
facility DOT, community DOT is effective without compromising the TSR [135-138].
But, its cost-effectiveness varied with the type and the role of the CHWs involved in
community-based approaches, the health service coverage and other related factors [139144]. In Paper IV, the cost per successfully treated smear-positive patient in the
intervention area ($61) was lower compared to health facility DOT ($162). It reduced the
cost per successfully treated smear-positive case by 63%. For the same amount of cost of
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treating a patient in health facilities more than two patients could be treated in their
communities. This was due to the decentralization of the service and reduced the travelled
distance and time and associated costs for seeking treatment.

In addition, the high cost incurred for seeking diagnosis in public health facilities ($13,
about 10% of GDP loss or loss of 10 working days) could also be one of the reasons for
low CDR at its least estimate excluding the cost related to visits made to other health
facilities and traditional healers ( additional results 4). Other studies reported that the cost
of seeking diagnosis to be prohibitively high for the patients and their household [47-51].
In this study, stronger belief is held that community-based sputum collection has reduced
the cost of seeking diagnosis in public health facilities due to the reduced travel distance,
time and related costs.

As cost-effective as it may be, implementation of community DOT at larger scale was
limited due to high turnover and/or exhaustion of the CHWs, additional cost incurred to
run community-based programme and lack of sustainability [124, 133]. Hence,
community-based efforts to control TB should be patient centred, sustainable and
integrated into the general health service in such a way that it complements the existing
health service delivery.

In Paper III & IV, involving HEWs improved the CDR and TSR and was cost-effective
compared to the health facility DOT. The health workers involved in our study operated
under the provision of the health policy of the country, employed and received salary and
supervised by public health professional in health centre. In addition, two HEWs were
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assigned in each kebele and training schools deploy new graduates to address the attrition
[145]. This ensures the sustainability of involving HEWs in TB control in Ethiopia.

5.2.3. Long term efficacy of DOT
Effective disease control strategy should be efficient in identifying the cases early,
providing prompt treatment and ensuring long term disease free survival of the patients.
Therefore, understanding the long term efficacy of the DOTS strategy in reducing the rate
of recurrence (either due to relapse or reinfection) [146-150], mortality, development of
MDR TB and its effectiveness in the face of HIV epidemic and socioeconomic
deprivation is crucially important [151-156].

In Paper V & VI, we found high recurrence rate and mortality among successfully treated
TB patients. The plausible explanations were HIV infection, MDR TB and possibly
continued transmission due to high backlog of untreated cases in the community. In Paper
II, the prevalence of HIV infection in the community was 3.8% and the rate of TB-HIV
co-infection was 17.5%. This is high enough to affect the survival of TB patients after
successful treatment.

Moreover, we reported excess mortality (Paper VI) in TB patients after successful
treatment. The mortality was higher in non-farmers (SMR=9.95, 95%CI: 7.17 - 12.73).
This could also be explained by HIV infection and to some extent by prevalence of MDR
TB. Thus, TB control programmes should strengthen patient follow-up, provide HIV
counselling and testing for TB patients during follow-up period and after successful
treatment. This requires decentralized implementation of provider initiated HIV
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counselling and testing for TB patients that is performing in limited health institutions.
Less than five percent of TB patients were tested for HIV during the study period which
has now increased by three fold [21]. Further study is needed to estimate the prevalence of
MDR TB and causes of death in successfully treated TB patients.

Strategies that enhance TB-HIV collaboration activities are needed in such settings. All
TB patients should be encouraged to be tested for HIV and enrolled for antiretroviral
treatment and management of other opportunistic infections. HIV negative TB cases
should also be advised to reduce their risk and be encouraged to live HIV free life. The
health facilities should organize their facilities in such a way that it encourages simple
patient flow and convenience.

In addition, the role of the community and HEWs in prevention and control of the two
diseases should be clearly outlined and implemented. This should be accompanied by
decentralization and scaling up of DOTS strategy and provision of antiretroviral
treatment. This will increase the number of patients accessing and receiving the service to
benefit from the available treatment that will contribute to the long term efficacy of DOTS
strategy.

We demonstrated the significance of community-based intervention in TB control within
the existing health system in Ethiopia. The recommendations of our study were taken up
by the Federal Ministry of Health of Ethiopia. The SNNPRS Health Bureau required
larger scale implementation of the community-based TB care to provide evidence-based
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decision making for policy change to make sure that the benefits of the study were shared
by TB patients, the community and TB control programme of the country.

We therefore recommend further larger scale intervention to strengthen the health system
and improve the performance of the NTLCP of Ethiopia through community-based
approaches based on evidences from the field. In such cases, health system strengthening
should also be part of the intervention where the GHWs and HEWs will receive adequate
training and necessary resources made available. The service should then be progressively
scaled up and based on the lessons learned should be used to improve the model of the
implementation. This should also be accompanied by monitoring and evaluation of the
impact and quality of the community-based approach to improve the role of HEWs and
the community in TB control.

The NTLCP has recognized the role of HEWs in TB control and decided to start case
finding and treatment by HEWs. The WHO in collaboration with the NTLCP has started a
pilot project of implementing community-based case finding through referral of suspects
and decentralization of treatment to health posts under the direct observation of HEWs in
four big regions of the country. Currently the Federal Ministry of Health of Ethiopia has
accepted the implementation of community-based TB care by employing HEWS in
referring suspects and encouraging adherence to treatment. National guideline for
implementing community-based TB care was developed to start implementing the service
at larger-scale.
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6.0. Conclusions and recommendations
6.1. Conclusions
1. Decentralization of DOTS strategy to peripheral health facilities improved the
CDR and TSR under the observation of GHWs
2. The rate of TB-HIV co-infection is high and is associated with the prevalence of
HIV infection in the community
3. Beyond achieving the treatment success rate of 85%, the recurrence and mortality
rate was high in successfully treated TB patients. Therefore, identifying the causes
of recurrence and death is important to ensure disease free survival of TB patients.
4. Involving HEWs in community-based case finding and treatment of smearpositive TB cases improved the CDR and TSR. More women smear-positive cases
were identified and treated in the community-based approach.
5. Involving HEWs in TB treatment is cost-effective and increased the number of
treated TB cases for the same amount of cost under health facility DOT. This is
economically attractive option for the patients, households and the health service.

6.2. Recommendations
6.2.1. Clinical practice
1. GHWs should be trained about identifying TB cases that require closer follow-up
in health centres and hospital before referring them for treatment in the community
under HEWs and vice versa.
2.

HEWs should be trained about identifying seriously ill TB patients and patients
with side effects that need referral and follow-up in health centres and hospitals.
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3. GHWs and HEWs should inform TB patients to be tested for HIV during
treatment and even after completing treatment to benefit from the available care.
4. TB patients should be advised to seek medical care if they develop symptoms of
TB after completing treatment.

6.2.2. Public health implications
1. Decentralization and implementation of DOTS strategy should be accompanied by
regular monitoring and evaluation of its performance.
2. Routine TB data reported from districts to higher levels should be analysed and
utilized locally to improve the performance of TB control programme in the
districts.
3. Regular surveillance of HIV prevalence, TB-HIV co-infection and MDR TB
should be incorporated into TB and HIV Prevention and Control Programmes
4. Early identification and prompt treatment of smear-positive TB cases should be
emphasized to reduce the risk of transmission in the community
5. Supportive supervision should be strengthened to improve the performance of
community-based interventions as part of strengthening the delivery of health
service to the community. It should be clearly outlined and practiced at all levels.

6.2.3. Future research
1. Conduct a community-based smear-positive prevalence survey to estimate the
burden and the impact of the interventions on the incidence and prevalence of
smear-positive TB
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2. Determine the causes of recurrence in smear-positive cases after successful
treatment under DOTS
3. Estimate the cost-effectiveness of community-based sputum collection in
improving case finding of smear-positive cases.
4. Determine the causes of death among successfully treated TB patients to better
estimate mortality related to TB
5. Evaluate the significance of community-based case finding and treatment at larger
scale as an integral part of strengthening the health system of the country.

6.2.4. Policy
1. The role of HEWs in TB case finding and treatment should be clearly stated and
its implementation should be supported by measurable indicators to increase the
contribution of the HEP in the efforts to prevent and control TB in Ethiopia
2. In collaboration with the HEP, the NTLCP should incorporate the role of HEWs in
TB control. This should be supported by including it in the NTLCP guideline and
implementation documents specifically prepared for HEWs.
3. Community-based DOT is cost-effective intervention in an effort to reduce the
diseases burden and save lives, worth adopting in resource constrained settings
4. Community-based DOT is cost-effective intervention. However, it is not without
cost. Therefore, initial investments related to involving HEWs in TB control
should be clearly identified and planned before embarking on scaling it up
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Annexes
I. CASE FINDING FORMAT
TUBERCULOSIS AND LEPROSY CONTROL PROGRAMME ETHIOPIA
Quarterly report on tuberculosis case-finding
Level of report (tick on the appropriate box):

Region

Woreda

Quarter during which patients were registered:

Quarter

Region:

Zone:

Woreda:

Name of Co-ordinator:

Date:

Signature:

Zone

Year (EC)

ALL CASES REGISTERED DURING THE QUARTER:
Pulmonary tuberculosis

Extra-

Smear positive
M

New cases
F
Total

Relapses
M
F

Smear
Failures
M
F

Defaulters
M
F

Totals

pulmonary

negative
M
F

TB
M

F

F

M

All
male

All
female

Grand
total

All

All

F

male

female

SMEAR POSITIVE NEW CASES BY AGE AND SEX:
0 - 14
M

83

15 - 24
F

M

25 - 34
F

M

35 - 44
F

M

45 - 54
F

M

55 - 64
F

M

65+

NUMBERS OF NEW SMEAR POSITIVE

NUMBERS OF NEW SMEAR NEGATIVE AND

SMEAR CONVERSION AT 2 MONTHS OF
NEW SMEAR-POSITIVE CASES PUT ON SCC

CASES PUT ON SCC OR LCC:

EPTB CASES PUT ON SCC OR LCC

DURING THE PREVIOUS QUARTER

SCC

SCC

LCC

LCC

Daniel Gemechu Datiko

New
cases

2 month smear result
pos

neg

not done

Total
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II. TREATMENT OUTCOME FORMAT
TUBERCULOSIS AND LEPROSY CONTROL PROGRAMME ETHIOPIA
Quarterly report on the results of treatment of all TB patients registered 13 - 15 months earlier
Patients registered during quarter:

Year (EC):

Region:

Zone:

Woreda:

Date:

Name of Co-ordinator:

Function

Signature:

Date received by TLCT:

PTB SMEAR POS

PTB SMEAR NEG

EPTB

Total number of new patients registered during the quarter being reported:

Total number of cases registered for re-treatment during the reported quarter:
Number
registered

Regimen
New cases
PTB-POS.
New cases
PTB-NEG.
New cases
EPTB

Cured

Treatment
completed

Died

SCC
LCC
SCC
LCC
SCC
LCC

Re-treatment

* if number evaluated is less than no.registered, comment

84
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Failure

Defaulted

Transferred
out

Total number
evaluated*
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III. UNLINKED ANONYMOUS SEROSURVEY IN TB PATIENTS
Study site ______________
Date ___________
Patient code no _______________
Age __________
Sex __________
Address

Urban ___________ Rural _______________

Diseases category

a) New

b) Relapse

c) treatment after default

Disease classification a) PTB+ve b) PTB -ve

c) EPTB

Name of responsible health worker ________________ Signature ____________

Note: From ANC surveillance format we included study site, date, client code, age, sex
and address as variables for paper II.
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IV. CHECKLIST OF SYMPTOMS IN TB SUSPECTS IN THE COMMUNITY
Questionnaire no.________

Name of interviewer __________ Date___________________

1. Socio-demographic variables
1.1 Name of suspect ____________________ 1.2. Age________1.3. Sex _____________
1.4. Cluster __________ Kebele _________Residence urban _____ rural ______________
1.5. Marital status

Single___________ Married__________ Divorced________________
Widowed________ other (specify) ____________________________

1.6. Educational status No schooling ____ Grade ____ other (specify) ______________
1.7. Occupation of suspect Farmer ____ student ____ merchant ____________ ______
House wife ________government employee____________ _______
daily labourer__________ others (specify) _____________________
2. Tuberculosis symptoms and history
2.1.

Did you experience cough for two or more weeks?

Yes __________ No ________

If yes, for how many weeks _________
2.2.

2.3.

Is the cough productive of sputum?

Yes __________ No ________

If yes, does it contain blood?

Yes __________ No ________

Did you have fever and night sweats?

Yes __________ No ________

If yes, for how many weeks _________
2.4.

Did you have loss of appetite?

Yes __________ No ________

If yes, for how many weeks _________
2.5.

Did you loss weight?

Yes __________ No ________

2.6.

Did you have chest pain?

Yes __________ No ________

If yes, for how many weeks _________
2.7.

Did you have shortness of breath?

Yes _________ No ________

If yes, for how many weeks _________
2.8.

Did you have history of tuberculosis treatment?

Yes __________ No ________

2.9.

Did you have closer contact with known TB patient?

Yes __________ No ________
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V. LABORATORY REGISTER
LABORATORY REGISTER FOR AFB

Month(s):

Year:

Woreda
Lab.
Patient Health
Name and address
Name and address New FollowDate Serial
Age Sex
T B/Lep
number Unit
of patient
of contact person patient up
number
number
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Results
1

2

Sign
3

Remarks
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VI. UNIT TB REGISTER - INTENSIVE PHASE TREATMENT
Unit TB
Number
Woreda
TB No.

88

Name (in full) and
address of patient

Sex
M/F
Age

Name and
address of
contact person

Smear
result

Category
N.R.F.D.T.O

Lab. no.

P/Pos, P/Neg
or EP

Weight

Intensive
phase
Drug

Dose

Intensive phase treatment monitoring chart
Days:
Mth 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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VII. UNIT TB REGISTER - CONTINUATION PHASE TREATMENT
Continua tion pha se tre a tme nt monitoring cha rt

Sputum re sults,
Continua tion
la b.na me , se ria l nr.& wt
pha se
2nd
5th 7th/11th
D rug
month month month

89

D ose

4 - we e kly a tte nda nce :
Month:
H a m N e h Pa g Me s T ik H id T a h T ir Ye k Me g Mia Gin Se n
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D a te tre a tme nt stoppe d (e nte r da te in a ppropria te column):
Cure d

T re a tme nt
comple te d

D ie d

Fa ilure

D e fa ult

T ra nsfe r
out:

name of unit

Remarks
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VIII. COST OF TB TREATMENT - INTENSIVE PHASE
Cost items for intensive phase treatment for TB patients
Questionnaire number
Background
1. Name of TB case
2. Age
3. Sex
4. Kebele
5. Religion
6. Marital status
7. Educational status
8. Occupation
Cost of TB case

Name of interviewer

date

means of
transport

travel
time in
minutes

travel
cost

type of
meal

cost

type of
drinks

cost

accommodation (if stayed
overnight)
amount
place
reason
paid

date

means of
transportati
on

travel
time in
minutes

travel
cost

type of
meal

Cost

type of
drinks

Cost

accomodation (if stayed
overnight)
amount
place
reason
paid

Visit to GHWs or HEWs

Cost of companion
Visit to GHWs or HEWs
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IX. COST OF TB TREATMENT - CONTINUATION PHASE
Cost items for continuation phase treatment for TB patients
Questionnaire number
Background
1. Name of TB case
2. Age
3. Sex
4. Kebele
5. Religion
6. Marital status
7. Educational status
8. Occupation
Cost of TB case

Name of interviewer

date

means of
transport

travel
time in
minutes

travel
cost

type of
meal

cost

type of
drinks

cost

accommodation (if stayed
overnight)
amount
place
reason
paid

date

means of
transportati
on

travel
time in
minutes

travel
cost

type of
meal

Cost

type of
drinks

Cost

accomodation (if stayed
overnight)
amount
place
reason
paid

Visit to GHWs or HEWs

Cost of companion
Visit to GHWs or HEWs

Note: Use extra sheet for more than one care takers
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X. COMMUNITY-BASED POST-TREATMENT FOLLOW-UP FORMAT
Questionnaire no.________

Name of interviewer ______________________

Date______/_______/________
Socio-demographic variables during past treatment
1. Name of TB patient___________________ 2. Sex ___________
3. Age at first diagnosis ___________ 4. Kebele ______________
5. Health facility _______________________ 6. TB unit register number ___________
7. TB classification PTB +ve __________ PTB -ve _________ EPTB ________
8. Treatment category New ____ Relapse _____ Failure ____ Defaulter ____ others ___
9. TB treatment regimen ______________________________________________
10. Date treatment started _____/_________/________
11. Treatment outcome Cured __________ Treatment completed __________
12. date treatment completed _____/_________/________
Current sociodemographic character after completing treatment for TB
1. Current condition

Alive ______ Dead ______ Date of death _____/______/______

2. Marital status Single___ Married___ Divorced___ Widowed____ other___________
3. Educational status No schooling ____ Grade ____ other _____________________
4. Occupation of suspect Farmer ____ student ___ merchant ___others ____________
History related to tuberculosis after first treatment for TB
1. History of diagnosis for TB Yes ____ No ____ 2. Health facility _________
2. TB classification PTB +ve __________ PTB -ve _________ EPTB ________
3. TB category New ____ Relapse _____ Failure ____ Defaulter ____ others ________
4. Date treatment started ____/___/____ 5. Date treatment completed ____/___/_____
6. Treatment outcome Cured ___Completed ___ Died ___ Failure __ Default __ TO ___
7. History of cough Yes____ duration in months _______
Note: 1. Collect sputum specimen for patients with productive cough of two weeks or more
2. Advise and refer patients who have other medical conditions
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Ten-year experiences of the tuberculosis control programme
in the southern region of Ethiopia
M. A. Yassin,*† D. G. Datiko,*‡ E. B. Shargie*‡
* Southern Nations, Nationalities and People’s Regional State Health Bureau, Awassa, Ethiopia; † Liverpool School of
Tropical Medicine, Liverpool, United Kingdom; ‡ Centre for International Health, University of Bergen, Bergen, Norway
SUMMARY
SETTINGS:

The tuberculosis control programme, southern region of Ethiopia.
O B J E C T I V E : To assess the impact of the expansion of the
DOTS strategy on tuberculosis (TB) case finding and
treatment outcome.
D E S I G N : Reports of TB patients treated since the introduction of DOTS in the region were reviewed. Patients
were diagnosed and treated according to World Health
Organization (WHO) recommendations. Case notification
and treatment outcome reports were compiled quarterly
at district level and submitted to the regional programme.
R E S U L T S : Of 136 572 cases registered between 1995
and 2004, 47% were smear-positive, 25% were smearnegative and 28% had extra-pulmonary tuberculosis
(EPTB). In 2004, 94% of the health institutions were
covered by DOTS. Between 1995 and 2004, the smear-

positive case notification rate increased from 45 to 143
per 100 000 population, the case detection rate from
22% to 45%, and the treatment success rate from 53%
to 85%. The default and failure rates decreased from
26% to 6% and from 7% to 1%, respectively.
D I S C U S S I O N : There was a steady increase in the treatment success rate with the decentralisation of DOTS. Although 94% coverage was achieved after 10 years, the
stepwise scale-up was important in securing resources
and dealing with challenges. The programme achieved
85% treatment success; however, with the current low
case detection rate (45%), the 70% WHO target seems
unachievable in the absence of alternative case-finding
mechanisms.
K E Y W O R D S : tuberculosis; TB control; DOTS; case finding; Ethiopia

TUBERCULOSIS (TB) is a major infectious cause of
death among adults in sub-Saharan Africa. The situation is compounded by low socio-economic status,
displacement due to famine, drought and war and,
in the last two decades, due to the human immunodeficiency virus (HIV)/acquired immune-deficiency syndrome (AIDS). The World Health Organization (WHO)
declared TB to be a global emergency in 1993.1 The
DOTS strategy is believed to be the most valuable
strategy for TB control;2 at the end of 2003, 182
countries in the world had adopted and implemented
DOTS.3 Studies from resource-poor settings demonstrated that DOTS is effective for TB control,4–6 and
the World Bank report stated that TB chemotherapy
is ‘one of the most cost-effective of all health interventions’.7 WHO set a target to detect 70% of smearpositive cases and to treat 85% of them successfully
by 2005.8 Because of low access to diagnostic laboratories, shortage of resources and trained personnel,
coupled with low sensitivity of smear microscopy, the
global target in case detection has been challenged.9,10

In Africa, the case detection rate is below 50% and
the treatment success rate could not exceed 73%.3
With estimated new cases of TB at 356 per 100 000
population, Ethiopia is the seventh among the 22 high
TB burden countries in the world.3 The National Tuberculosis and Leprosy Control Programme (NTLCP) was
established in 1994, the DOTS strategy was adopted,
and more than 90% geographic coverage had been
achieved by 2004 (NTLCP report, 2004). Although
DOTS has been implemented in the Southern Nations, Nationalities and People’s Region (SNNPR) of
Ethiopia since 1995, its performance, including trends
in TB cases detected and their treatment outcomes,
has not been evaluated. A recent retrospective trend
analysis of TB patients in Hadiya Zones in SNNPR
demonstrated that the implementation of DOTS resulted in improved treatment success and a decrease
in defaulter rates.11 The present study aims to assess
the impact of the implementation and expansion of
DOTS on the trends of TB cases and their treatment
outcome in the SNNPR.

Correspondence to: Dr Mohammed A Yassin, Liverpool School of Tropical Medicine, Pembroke Place, L3 5QA, Liverpool,
UK. Tel: (!44) 15 170 53219. Fax: (!44) 15 170 53329. e-mail: mayassin@liv.ac.uk
Article submitted 24 April 2006. Final version accepted 23 June 2006.
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STUDY POPULATION AND METHODS
SNNPR is located in the south-western part of Ethiopia and is one of the largest regions, with about 14
million inhabitants. Ninety-three per cent of the population live in the rural part of the region and accessibility of the health services is limited, as only half of
the population resides within 2 hours walking distance from a public health facility. A pilot DOTS
programme, supported financially and technically by
ALERT, the German Leprosy/TB Relief Association
(GLRA) and the NTLCP, was introduced in a few
health facilities in the region in 1995–1996, gradually
expanded to other sites, and was integrated into the
general health services in 1999.
The NTLCP adopted the WHO-recommended recording and reporting guidelines and forms for monitoring and evaluation of programme activities. Briefly,
patients with signs and symptoms suggestive of TB12
are screened for confirmation of the diagnosis and initiation of treatment. Patients with symptoms compatible with pulmonary tuberculosis (PTB) submit three
sputum samples (spot-morning-spot). Smears are graded
according to the guidelines of the International Union
Against Tuberculosis and Lung Disease (The Union)13
and to the recommendations of the National Laboratory Manual.14 Patients with at least two positive
smears are considered smear-positive and those with
three negative smears are requested to undergo chest
X-ray (CXR) or are treated with antibiotics and then
re-evaluated. The diagnosis of extra-pulmonary TB
(EPTB) is usually made clinically and by the decision
of the clinician.
Patients who are diagnosed with TB are referred to
TB clinics where they receive health education and are
registered. Smear-positive patients registered in the
DOTS clinics receive 8-month short-course chemotherapy (SCC) including daily supervised streptomycin
(S), rifampicin (R, RMP), isoniazid (H) and pyrazinamide (Z) for 2 months followed by self-administered
ethambutol (E) and H for 6 months for adults (2SRHZ/
6EH) and RH for 4 months for children (2SRHZ/4RH).
Smear-positive patients are monitored by smear examination at the end of months 2, 5 and 7 of treatment.
Smear-negative and EPTB cases receive RHZ in the
first 2 months followed by EH for 6 months (2RHZ/
6EH) and are monitored by regularity of attendance
and clinical improvement.
The Woreda (district) communicable diseases coordinator (WCDC) compiles the information about all
TB patients entered into the unit registers of all health
facilities in the district and assigns a unique district number to each patient in the district TB register. The
WCDC completes the forms for case notification and
treatment outcome quarterly and submits the report to
the zonal coordinator, who is responsible for compiling the zonal summary, and submits them in turn to the
regional programme coordinator. The case notifica-
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tion form contains information on reporting district,
quarter of the year, and number of patients registered
by sex and disease status (new smear-positive, return
after default, failure, relapse, smear-negative, EPTB).
Information on follow-up smear examination is also
included. The treatment outcome form contains information on the quarter the patients were registered
(15 months earlier), the total number registered, the
number of patients who were cured, completed treatment, defaulted, failed, died or transferred out and
the total number evaluated. The regional coordinator
checks the completeness, quality and accuracy of the
reports, analyses and interprets the data and sends a
compiled report to the NTLCP. All coordinators keep
copies of the reports for their documentation.
For the purpose of this study, the data retained
at the regional level were entered into Epi Info 2000
(Centers for Disease Control and Prevention, Atlanta,
GA, USA) for analysis. The case detection rate (CDR)
was calculated by dividing the number of smearpositive cases by the WHO-estimated number of
smear-positive cases per 100 000 population in the same
year for the country. The CDR and the proportion
of smear-positive cases treated by SCC who successfully completed treatment were considered as the
main outcome variables. Ethical approval was not required as the survey was based on retrospective data.

RESULTS
Following the integration of the TB control programme
activities into the general health services, the programme was expanded to most of the districts and
health facilities in the region (Table). All 13 zones
have been covered by the programme since 2001, and
100% coverage of the districts was achieved in early
2004. In mid 2004, 445 (94%) of the 475 health facilities in the region—14 (100%) hospitals, 114 (100%)
health centres and 317 (91%) health stations—were
implementing DOTS. Over the 10-year period from
1995 to 2004, 136 572 patients with all forms of TB
were registered for treatment. Of these, 47% were
smear-positive, 25% smear-negative and 28% EPTB,
with no marked differences throughout the years. The
case notification rate of all forms of TB increased
from 45/100 000 in 1995 to 143/100 000 in 2004, and
the smear-positive CDR doubled from 22% in 1995
to 45% in 2004 (Figure). The increase in the number
of registered TB cases, from 4648 in 1995 to 20 196
in 2004, correlated with the decentralisation and expansion of the DOTS strategy to more health facilities, which increased from four in 1995 to 445 in 2004
(R2 " 0.65).
The follow-up smear results at month 2 were not
available for 51% of the patients in 1996; this proportion had decreased to 22% in 2004. Among patients
who underwent follow-up smear testing, the negative
conversion rate at month 2 increased from 85% in

723
736
#13 (2)†
307
252
559 (76)
88 (12)
24 (3)
39 (5)
26 (4)
1942 (73)

450
560
#110 (24)†
140
154
294 (53)
89 (16)
39 (7)
27 (5)
111 (20)
1687 (75)

1 272
826
446 (35)
376
260
636 (77)
100 (12)
31 (4)
44 (5)
15 (2)
2 590 (67)

46

6 (67)
26 (34)
52 (11)
10 004
41
23
35
1

11.1

1998

1 850
2 158
#308 (17)†
926
591
1 517 (70)
311 (14)
14 (1)
252 (11)
64 (3)
2 200 (54)

56
2 731
58 (2)
1 533 (56)
1 140 (43)

6 (67)
31 (40)
61 (13)
15 167
38
33
28
2

12.1

1999

3 189
2 981
208 (7)
1 430
855
2 285 (77)
368 (12)
38 (1)
167 (6)
123 (4)
2 506 (44)

73
4 922
172 (3.5)
3 074 (62)
1 676 (35)

8 (89)
43 (46)
95 (20)
17 067
44
27
27
2

12.5

2000

5 452
5 516
#64 (1)†
2 708
1 673
4 381 (79)
538 (10)
63 (1)
274 (5)
260 (5)
1 940 (26)

91
6 783
222 (3)
5 027 (74)
1 534 (23)

13 (100)
80 (77)
180 (38)
17 858
46
26
26
3

12.9

2001

7 459
7 488
#29 (0.4)†
4 386
1 771
6 157 (82)
507 (7)
78 (1)
384 (5)
362 (5)
704 (9)

100
7 695
213 (3)
6 074 (79)
1 408 (19)

13 (100)
92 (89)
236 (49)
17 246
49
22
27
3

13.3

2002

8 386
8 501
#115 (1)†
4 827
2 160
6 987 (82)
534 (6)
79 (1)
446 (5)
455 (5)
0

100
8 880
222 (3)
7 015 (79)
1 891 (18)

13 (100)
100 (96)
350 (73)
18 464
48
22
26
4

13.7

2003

* Registered after defaulting; failure or relapse.
† The minus sign indicates that the number evaluated was more than the number of registered cases.
‡ The treatment outcome of the cohort registered in the last quarter of 2003 was not yet available.
PTB " pulmonary tuberculosis; SCC " short-course chemotherapy; LCC " long-course chemotherapy; NA" not applicable as at least 15 months are required to compile the treatment outcome of these patients.

NA
NA
NA
NA
NA
NA
NA
NA
NA

33
2674
204 (7)
1227 (46)
1243 (49)

27
1751
141 (8)
767 (41)
843 (51)

20

5 (56)
24 (31)
32 (7)
9725
40
22
37
1

4 (44)
22 (29)
22 (6)
6197
43
24
32
2

3 (33)
4 (5)
4 (1)
4648
48
17
33
1

10.8

1997

10.5

1996

10.4

1995

Performance of the DOTS strategy in the southern region of Ethiopia, 1995 to 2004

Population of the region (million)
Programme expansion, n (%)
Zones implementing DOTS
Woredas with DOTS
Health facilities with DOTS
All forms of TB, n
New smear-positive PTB, %
New smear-negative PTB, %
New EPTB, %
Other,* %
Treatment and follow-up
Percentage of PTB! on SCC
Sputum tested at month 2, n (%)
Positive
Negative
Not done
Treatment outcome, n (%)
PTB! treated with SCC a year before
New PTB! evaluated
New PTB! not evaluated
Cured
Treatment completed
Success rate
Default
Failure
Death
Transferred out
Treated by LCC, not evaluated

Year

Table

8 880
6 245
2 635 (30)‡
3 933
1 349
5 282 (85)
378 (6)
38 (1)
270 (4)
277 (4)
0

100
8 238
295 (4)
6 052 (74)
1 891 (22)

13 (100)
104 (100)
445 (94)
20 196
49
23
26
2

14.1

2004
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Figure Trends in TB case notification and CDR in the southern
region of Ethiopia, 1995 to 2004. TB " tuberculosis; CDR "
case detection rate; CNRA " case notification rate, all forms of
TB/100 000 population; CNRS! " case notification rate, smearpositive TB cases/100 000 population; CDRA " case detection
rate (%), all forms of TB; CDRS! " case detection rate (%),
smear-positive TB cases.

1996 to 95% in 2004. These values correlated with
the proportion of cases who received SCC, which increased from 20% to 100% during the corresponding
years (R2 " 0.78) and to the treatment success rate
(R2 " 0.62).
The treatment outcome reports were available only
for smear-positive patients treated with SCC. The evaluation of patients treated with long-course (12-month)
chemotherapy (LCC) was not included in this review.*
Of 51 446 new smear-positive patients registered in
the 9 years from 1995 to 2003, 37 661 (73%) were
treated with SCC and 13 785 (27%) with LCC. Of
those treated with SCC, 35 011 (93%) were evaluated
for treatment outcome and 2650 (7%) were not evaluated, as the final treatment outcome for patients registered in the last quarter of 2003 was not yet known.
The average treatment success rate (cured plus treatment completed) was 80% (28 098/35 011) if only
those evaluated were considered and 77% (28 098/
37 661) if all new smear-positive cases treated with
SCC were included. The treatment success rate increased from 53% in 1996 to 85% in 2004; the defaulter rate decreased from 26% to 6% and the failure
rate from 7% to 1% during the same years (Table).
These changes correlate with the expansion and decentralisation of the DOTS strategy in the region.

DISCUSSION
The aims of a TB control programme are to detect as
many infectious cases as possible and treat them to
* The regimen for LCC was 2STB450/10TB450 (2 months of SM
and TB450 [thiacetazone and INH], followed by 10 months of
TB450) until 1999; and 2STB450/10EH from 2000 to 2001. LCC
was phased out in 2002.

1169

interrupt transmission, reduce mortality and prevent
the emergence of drug resistance. The DOTS strategy is
believed to be a key approach to achieve these goals.
The findings of this study indicate that, in line with the
decentralisation and expansion of DOTS, there was a
steady increase in case notification and treatment success rates. The Regional Tuberculosis and Leprosy Control Programme (TLCP) initially introduced DOTS in
only a few zones, following this by systematic scaleup, bringing in more zones, districts and health facilities
into the programme every year. Full zonal and district
coverage was achieved 7 years after the introduction
of DOTS in the region, although a few newly constructed clinics were yet to be covered during the study
period. This stepwise scale-up was critically important
in securing the necessary resources and dealing with
challenges that emerged in the course of expansion.
Between 1995 and 2004, the case notification rate
tripled and the CDR doubled. However, the CDR did
not exceed 45% for smear-positive TB and 39% for
all forms of TB. The case notification rate showed a
significant increase in the first 5 years during the introduction and expansion of DOTS, and then it stabilised. The most likely explanation for the increase
in the number of reported cases is the improved diagnostic setting and decentralisation of the diagnostic
services, which resulted in the registration of a large
backlog of cases in the first 5 years. A real increase in
the incidence of active TB, fuelled by the HIV epidemic, might also partly explain this trend, although
HIV infection among TB in the region was about
20%.15 However, the case notification rate seems to
have levelled off in 2000–2004, despite a remarkable
increase in the number of treatment centres. During
these years, an increase in case notification due to improved case finding might have been offset by an actual decrease in the incidence of active TB due to improved case holding and reduced transmission. The
trend compares favourably with the earlier report
from one of the zones where DOTS was piloted in the
region,11 and in other countries.4
Negative smear conversion at the end of the second month of anti-tuberculosis treatment predicts, to
some extent, favourable treatment outcome.16 The proportion of patients for whom follow-up smears were
tested nearly doubled between 1996 and 2004, and
the smear conversion rate increased by 10%, indicating the positive role of the supervised, RMP-containing
SCC in rapid clearance of acid-fast bacilli, as the
month 2 smear conversion rate correlates well with
the SCC coverage and the treatment success rate.
The average failure rate was about 1% for new
smear-positive cases treated by SCC and 4% for previously treated patients (data not shown). The low
failure rate could be due to the overall low prevalence
of multidrug-resistant tuberculosis (MDR-TB) in Ethiopia, which was 1.4% for new and 7.1% for previously treated smear-positive cases.17

1170

The International Journal of Tuberculosis and Lung Disease

The treatment success rate showed a significant increase, reaching the 85% target in 2004. This was accompanied by a corresponding decrease in defaulter
and failure rates, corroborating findings in other countries.10 However, the treatment outcomes of 13 569
smear-positive patients treated with LCC were not included in this report due to incomplete information.
Although these patients were registered and notified,
their treatment outcomes were not routinely reported,
as they did not receive SCC, which is one of the components of the DOTS strategy. The treatment outcomes of the patients treated with LCC are no doubt
less favourable than for those treated with SCC. Furthermore, we were unable to ascertain the treatment
outcomes of 2650 patients treated with SCC because
the treatment outcomes of the cohort registered in the
last quarter of 2003, which accounted for the majority
of the missing cases, were not yet available.
As our review was based on the quarterly reports
retained at the region, we cannot exclude the possibility of poor recording and reporting systems resulting
in the discrepancies between the registered and evaluated cases. There was, however, a reduction in the
proportion of cases with missing treatment outcome
information over the years, indicating an improvement
in recording and reporting.
Evaluating the performance of TB control programmes may need to take into account to what extent the five elements of the DOTS strategy are in
place. The DOTS-based programme in the southern
region of Ethiopia has tried to effectively address this
issue. There was clear political commitment, demonstrated by the establishment of the control programme
and budget allocation (although a larger proportion
of financial support comes from external assistance);
the introduction and expansion of the programme
was accompanied by the establishment of a laboratory network for sputum smear microscopy and quality control procedures;18 efforts have been made to
ensure an uninterrupted supply of anti-tuberculosis
drugs; SCC was provided under supervision during
the intensive phase of treatment; and well-organised
patient registration, follow-up and reporting mechanisms were in place and the quality of record keeping has improved. The availability of unit registers at
treatment centres and district registers has facilitated
the assessment of performance at various levels of the
programme, although due attention should be given
to reporting the outcome of all patients registered for
treatment.
These findings indicate that with the current global
TB control strategy, it is possible to achieve 85%
treatment success even in resource-poor settings with
low health service coverage.10 However, raising the
CDR to 70% may continue to be an unachievable
target in the absence of alternative mechanisms for
improved and intensified case finding.9 As discussed
earlier, an increase in the number of diagnostic and

treatment centres after 2000 did not yield a proportional increase in the number of cases detected. Although this may partly be explained by a declining
trend in the incidence of active TB, one cannot expect
a dramatic decline in such a short period of time, and
other factors merit consideration. Increasing the number of diagnostic and treatment centres improves physical access to health care, but cannot address other
barriers to access, such as socio-economic obstacles.19,20
Such barriers have to be addressed to help TB suspects
access diagnostic and treatment services as early as
possible.
In conclusion, 10 years after the introduction of
DOTS in our region, it was possible to triple TB case
notification and nearly double treatment success rates,
while significantly reducing the defaulter and failure
rates. There is a need to increase the CDR to achieve
the 70% WHO target, and this warrants investigation
of alternative intensified case-finding mechanisms.
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RÉSUMÉ
C O N T E X T E : Programme de lutte antituberculeuse, Région
du Sud, Ethiopie.
O B J E C T I F : Evaluer l’impact de l’expansion de la stratégie
DOTS sur le dépistage des cas de tuberculose (TB) et sur
les résultats du traitement.
S C H É M A : On a revu les rapports sur les patients TB
traités depuis l’introduction du DOTS dans la région. Le
diagnostic et le traitement des patients ont été menés
conformément aux recommandations de l’Organisation
Mondiale de la Santé (OMS). Les rapports de déclaration des cas et de résultats du traitement ont été revus
tous les trimestres au niveau du district et soumis au Programme Régional.
R É S U L T A T S : Sur 136 572 cas enregistrés entre 1995 et
2004, 47% avaient une bacilloscopie positive, 25% une
bacilloscopie négative et 28% étaient des TB extrapulmonaires. En 2004, 94% des institutions de soins ont

été couvertes par le DOTS. Entre 1995 et 2004, le taux
de déclaration des cas à bacilloscopie positive est passé de
45 à 143 par 100 000 habitants, le taux de détection
de 22% à 45%, le taux du succès du traitement de 53%
à 85%, alors que les taux d’abandon et d’échec diminuaient respectivement de 26% à 6% et de 7% à 1%.
D I S C U S S I O N : On a noté une augmentation régulière du
taux de succès du traitement grâce à la décentralisation
du DOTS. Bien qu’après 10 ans on ait atteint une couverture de 94%, l’escalade par étapes a été importante
pour l’obtention de ressources et pour faire face aux défis.
Le programme a atteint le taux de 85% de succès du
traitement bien qu’actuellement, avec un faible taux de détection des cas de 45%, l’accès à la cible de 70% de l’OMS
semble irréalisable en l’absence de mécanismes alternatifs
de dépistage des cas.

RESUMEN

El programa de lucha contra
la tuberculosis (TB) en la región meridional de Etiopía.
O B J E T I V O : Evaluar la repercusión de la expansión de la
estrategia DOTS sobre la búsqueda de casos y el desenlace terapéutico.
M É T O D O : Se analizaron los informes de tratamiento de
pacientes con TB desde la introducción de DOTS en la
región. El diagnóstico y el tratamiento de los pacientes
cumplieron con las recomendaciones de la Organización
Mundial de la Salud (OMS). A escala del distrito, se
compilaron trimestralmente las notificaciones de casos y
los informes sobre el desenlace terapéutico y se remitieron al programa regional.
R E S U L T A D O S : De los 136 572 casos registrados entre
1995 y 2004, el 47% tuvo baciloscopia positiva, 25%
baciloscopia negativa y 28% TB extrapulmonar. In 2004,
el 94% de los establecimientos sanitarios formaba parte
MARCO DE REFERENCIA :

del programa DOTS. Entre 1995 y 2004, la tasa de notificación de casos con baciloscopia positiva aumentó de
45 a 143 por 100 000 habitantes, la detección de casos
del 22% al 45%, la tasa de tratamiento exitoso del 53%
al 85% y disminuyó la tasa de abandono del 26% al 6%
y la de fracasos del 7% al 1%.
D I S C U S I Ó N : Con la descentralización de DOTS se observó un aumento progresivo de la tasa de tratamiento
exitoso. Si bien la cobertura del 94% se alcanzó después
de 10 años, esta expansión gradual fue importante para
garantizar los recursos y responder a las dificultades. El
programa obtuvo un tratamiento exitoso del 85% de los
casos, pero dada la baja tasa actual detección (45%),
pareciera inalcanzable la meta de la OMS, a menos que
se implementen mecanismos diferentes de búsqueda de
casos.

II

BMC Public Health

BioMed Central

Open Access

Research article

The rate of TB-HIV co-infection depends on the prevalence of HIV
infection in a community
Daniel G Datiko*†1,3, Mohammed A Yassin†1,2, Luelseged T Chekol†1,
Lopisso E Kabeto†1 and Bernt Lindtjørn†3
Address: 1Southern Nations, Nationalities and Peoples' Regional Health Bureau, P.O. Box 149, Awassa, Ethiopia, 2Liverpool School of Tropical
Medicine, Pembroke place, L3 5QA, Liverpool, UK and 3Centre for International Health, University of Bergen, Armauer Hansen Building, N-5012,
Bergen, Norway
Email: Daniel G Datiko* - danieljohn42@yahoo.com; Mohammed A Yassin - mayassin@liv.ac.uk; Luelseged T Chekol - leulki2k2@yahoo.com;
Lopisso E Kabeto - lopisoe@yahoo.com; Bernt Lindtjørn - Bernt.Lindtjorn@cih.uib.no
* Corresponding author †Equal contributors

Published: 30 July 2008
BMC Public Health 2008, 8:266

doi:10.1186/1471-2458-8-266

Received: 15 January 2008
Accepted: 30 July 2008

This article is available from: http://www.biomedcentral.com/1471-2458/8/266
© 2008 Datiko et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract
Background: A complex interaction exists between tuberculosis (TB) and human
immunodeficiency virus (HIV) infection at an individual and community level. Limited knowledge
about the rate of HIV infection in TB patients and the general population compromises the planning,
resource allocation and prevention and control activities. The aim of this study was to determine
the rate of HIV infection in TB patients and its correlation with the rate HIV infection in pregnant
women attending antenatal care (ANC) in Southern Ethiopia.
Methods: All TB patients and pregnant women attending health institutions for TB diagnosis and
treatment and ANC were consecutively enrolled in 2004 – 2005. TB diagnosis, treatment and HIV
testing were done according to the national guidelines. Blood samples were collected for
anonymous HIV testing. We used univariate and multivariate logistic regression analysis to
determine the risk factors for HIV infection and linear regression analysis to determine the
correlation between HIV infection in TB patients and pregnant women.
Results: Of the 1308 TB patients enrolled, 226 (18%) (95%CI: 15.8 – 20.0) were HIV positive. The
rate of HIV infection was higher in TB patients from urban 25% (73/298) than rural areas 16% (149/
945) [AOR = 1.78, 95%CI: 1.27–2.48]. Of the 4199 pregnant women attending ANC, 155 (3.8%)
[95%CI: 3.2–4.4] were HIV positive. The rate of HIV infection was higher in pregnant women from
urban (7.5%) (80/1066) than rural areas (2.5%) (75/3025) [OR = 3.19, 95% CI: 2.31–4.41]. In the
study participants attending the same health institutions, the rate of HIV infection in pregnant
women correlated with the rate of HIV infection in TB patients (R2 = 0.732).
Conclusion: The rate of HIV infection in TB patients and pregnant women was higher in study
participants from urban areas. The rate of HIV infection in TB patients was associated with the
prevalence of HIV infection in pregnant women attending ANC.
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Background

The interaction between tuberculosis (TB) and human
immunodeficiency virus (HIV) infection is complex. In
the individual patient, HIV infection weakens the
immune system and increases the susceptibility to TB.
HIV increases the likelihood of reactivation, reinfection
and progression of latent TB infection to active disease. It
also alters the clinical presentation of TB, complicates the
follow up and compromises the response to anti-TB treatment [1].
In a population, the lifetime risk of developing active TB
once infected, in absence of HIV infection, is about 10%
[2]. However, it increases tenfold in HIV infected individuals. This has resulted in a large increase in the number of
TB cases [3,4]. The proportion of smear-negative pulmonary TB (PTB) and extrapulmonary TB (EPTB) is higher
among HIV co-infected TB patients [5].
At TB control programme level, an increase in the TB burden leads to increased need of trained staff, diagnostic
facilities and patient care. The number of smear positive
PTB cases registered has been used as the basis for procurement and distribution of drugs and supplies [6]. However,
changes in the proportion of smear negative PTB and
EPTB due to HIV co-infection may require adjustments. In
Ethiopia, ten per cent of HIV infected people require
antiretroviral therapy and the need is more among TB
patients co-infected with HIV [7]. Therefore, knowledge
about the rate of HIV infection in TB patients might help
in planning and resource allocation. Regular surveillance
of HIV infection in TB patients and the general population
would also help in understanding the spread of the dual
infections and monitoring the performances of TB and
HIV control activities [8,9].
However, knowledge about the prevalence of HIV infection in the general population and its correlation with the
rate of HIV infection in TB patients is limited in Ethiopia.
The aim of this study was to determine the rate of HIV
infection in TB patients and its correlation with the rate
HIV infection in pregnant women attending antenatal
care (ANC) in Southern Ethiopia.

Methods

Study area and population
This study was conducted in the Southern Nations,
Nationalities and Peoples' Region (SNNPR) of Ethiopia.
The region has 13 administrative zones and an estimated
population of 14 million, of which 93% live in rural areas.
Only half of the population live within two-hour walking
distance from a public health institution. The Regional
Health Bureau has adopted the World Health Organization recommended directly observed short course treatment strategy for TB control since 1995. The first round
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HIV survey among TB patients and pregnant women was
conducted in 2002 [10]. In this study, the number of surveillance sites was increased to include more urban and
rural communities to represent all zones of the region.
Study design and site selection
This is a cross-sectional study carried out from September
2004 to April 2005.
TB-HIV co-infection survey
Health institutions were selected based on their capacity
to diagnose and treat TB patients. The diagnostic services
included direct sputum microscopy, routine blood tests
and x-rays. Ten health institutions (Figure 1) were randomly selected. All TB patients were consecutively
enrolled at their first visit to the treatment units.
ANC – based HIV sentinel survey
Health institutions that deliver ANC, had an adequate client volume, collect blood samples for routine tests such as
haemoglobin determination and syphilis testing and
facilities to maintain cold chain were identified of which
twelve health institutions (Figure 1) were randomly
selected. All pregnant women attending ANC were consecutively enrolled at their visit to health institutions [11].

In both surveys, TB patients and pregnant women referred
from other health institutions or coming for the second
visit during the survey period were excluded to avoid repetition. In six of the study sites, both surveys were conducted in the same health institutions providing health
service to TB patients and pregnant women from the same
districts. However, in the remaining sites, the surveys were
conducted in health institutions providing health service
to the population in the nearby districts.
Diagnosis of TB
The diagnosis of TB was based on the recommendations
of the National TB and Leprosy Control Programme [6].
Briefly, patients presenting with symptoms suggestive of
PTB who had productive cough for three weeks or more
with at least two positive sputum smears or one positive
smear and x-ray findings consistent with active PTB were
classified as smear-positive PTB cases. Patients presenting
with cough of three weeks or more with initial three negative smears and no clinical response to a course of broadspectrum antibiotics, three negative smear results after a
course of broad-spectrum antibiotics, x-ray findings consistent with active PTB and decided by a clinician to be
treated with anti-TB chemotherapy were classified as
smear-negative PTB cases. Patients presenting with dry
cough of three weeks or more were diagnosed based on
strong clinical evidence and x-ray findings consistent with
active TB. Patients presenting with symptoms suggestive
of TB other than the lungs, which did not respond to a
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Figure
Map
of the
1 Southern Nations, Nationalities and Peoples' Region of Ethiopia showing the survey sites, 2004 – 2005
Map of the Southern Nations, Nationalities and Peoples' Region of Ethiopia showing the survey sites, 2004 –
2005. _____ Zonal boundary.

Awassa.

Lake.

Regional boundary.

TB-HIV survey sites.

course of broad-spectrum antibiotics and decided by a clinician to be treated with anti-TB chemotherapy were classified as EPTB cases. In children, TB was diagnosed if there
were symptoms and signs suggestive of TB, contact history
with a known TB patient and x-ray findings consistent
with active TB.
Data and specimen collection
Trained laboratory technicians and health workers from
TB and ANC functions collected the data using pretested
questionnaires. The main variables were age, sex, residence and survey site for all participants, and disease classification and category for TB patients. 5 ml of blood
samples were collected from TB patients and pregnant
women. Routine blood tests except for HIV were done
locally and reported to the attending health workers. The
remaining serum samples were stripped off individual
identifying markers and were assigned unique codes. They
were kept at 4°C, transported to the regional Centre for

International boundary.

ANC-based sentinel survey sites.

Regional capital,

Overlapping sites.

Health Research Laboratory (CHRL) and stored at – 20°C
until analysis. The serum samples were anonymously
tested for HIV using ELISA test (Vironostica ® Uniform II
Ag/Ab BIOMÉRIEUX). All the samples were sent to the
Ethiopian Health and Nutrition Research Institute
(EHNRI) to repeat ELISA test using Enzygnost Anti-HIV1/
2 Plus (Dade Behring, Germany) and quality control.
ELISA reactive specimens at CHRL and EHNRI were considered positive and discordant specimens were retested
using similar tests [11,12].
Data analysis
We used SPSS 14.0 (SPSS Inc, Chicago, IL, USA) for data
entry and analysis. We determined the rate of HIV infection in TB patients and pregnant women. Univariate and
multivariate logistic regression analysis were used to
determine the risk factors for HIV infection in TB patients
and pregnant women. Socio-demographic variables that
were significant by univariate analysis were included in
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the model to calculate adjusted odds ratio and 95% confidence interval by HIV status in TB patients. We also did
linear regression analysis to determine the variation of
HIV infection in TB patients explained by the prevalence
of HIV infection among pregnant women from all study
sites and then for the study participants from the same
health institutions. P-value < 0.05 was considered as statistically significant.
Ethical clearance
Ethical Review Committee of the Regional Health Bureau
approved the study. Oral informed consent was obtained
for all study participants. The study participants who
wanted to know their HIV status were advised to go to voluntary counselling and testing service located within the
health institutions or nearby.

Results

1308 TB patients and 4199 pregnant women were
included in the study. Of the TB patients, 729 (56%) were
men and 569 (44%) were women. 309 (24%) patients
came from urban and 978 (76%) patients from rural
areas. Their mean age was 28.4 years. 544 (42%) patients
had smear-positive PTB, 449 (34%) smear-negative PTB
and 308 (24%) EPTB. The rate of HIV infection in TB
patients was 18% (226/1261) [95%CI: 15.8–20.0] ranging from 8.3% (in Silte zone) to 35.3% (in South Omo
zone). The rate of HIV infection in TB patients was similar
for men and women (OR = 1.00, 95%CI: 0.75 – 1.34).

There was no difference in the rate of HIV infection by TB
disease classification: the rate of HIV infection among
smear-positive PTB cases 17.5% (92/526) was similar to
smear-negative PTB 18.1% (78/432) [OR = 1.048, 95%CI:
0.723–1.519] and EPTB cases 18.2% (54/297) [OR =
1.009, 95%CI: 0.687–1.480]. The rate of HIV infection
was higher in TB patients from urban (24.5%, 73/298)
than rural areas (15.8%, 149/945) [AOR = 1.78, 95%CI:
1.27–2.48] as shown in Table 1 &3.
Of the 4199 pregnant women attending ANC, 3097
(74%) came from rural and 1096 (26%) from urban
areas. Their mean age was 25.7 years. The prevalence of
HIV infection among the pregnant women was 3.8%
(155/4091) [95%CI: 3.2–4.4] ranging from 1.5% (in
Gamo Goffa zone) to 10.5% (in Wolaita zone). The rate
of HIV infection was higher among women from urban
7.5% (80/1066) than rural 2.5% (75/3025) areas [OR =
3.19, 95% CI: 2.31–4.41] (Table 2 &3).
In all survey sites, where both surveys were conducted in
the same as well as in different health institutions, we
found no correlation between the rate of HIV infection
among pregnant women and TB patients (R2 = 0.034).
Briefly, South Omo zone with the highest TB-HIV coinfection rate did not have higher rate of HIV infection
among pregnant women whereas Silte zone that had the
lowest rate of TB-HIV co-infection did not have the lowest
rate of HIV infection among pregnant women (Table 3).

Table 1: Socio-demographic characteristics and HIV status of TB patients, southern Ethiopia, 2004 – 2005

Variables

TB Patients without
HIV
(N = 1035), n (%)

TB patients with HIV
(N = 226), n (%)

Age
Gender

29.24 (9.85)
581(82.1)
445 (82.1)
796 (84.2)
225 (75.5)
109 (90.8)
344 (88.0)
267 (73.4)
153 (76.9)
113 (86.9)
57 (95.0)
434 (82.5)
354 (81.9)
243 (81.8)
956 (82.6)
32 (74.4)

28.29 (13.77)
127 (17.9)
97 (17.9)
149 (15.8)
73 (24.5)
11 (9.2)
47 (12.0)
97 (26.6)
46 (23.1)
17 (13.1)
3 (5.0)
92 (17.5)
78 (18.1)
54 (18.2)
202 (17.4)
11 (25.6)

Mean (SD)
Male
Female
Residence
Rural
Urban
Age group
0 – 14
15 – 24
25 – 34
35 – 44
45 – 54
! 55
TB classification PTB +ve
PTB -ve
EPTB
TB category
New
RFDO

OR (95%CI)

1
0.99 (0.75 – 1.34)
1
1.73 (1.26 – 2.38)
1
1.35 (0.68 – 2.70)
3.60 (1.86 – 6.98)
2.98 (1.48 – 6.01)
1.76 (0.78 – 3.93)
0.52 (0.14 – 1.95)
1
1.04 (0.75 – 1.45)
1.05 (0.72 – 1.52)
1
1.61(0.79 – 3.24)

P-value AOR (95%CI)

P-value

0.985
1.77 (1.28 – 2.46)

0.001

2.01 (0.54 – 7.49)
2.54 (0.76 – 8.46)
7.10 (2.17 – 23.26)
5.78 (1.72 – 19.38)
3.34 (0.94 – 11.93)

0.301
0.129
0.001
0.005
0.063

0.82
0.803
0.184

TB = Tuberculosis, HIV = Human immunodeficiency virus, OR = odds ratio, CI = confidence interval, AOR = adjusted OR for age and residence
SD = standard deviation, PTB +ve = smear positive pulmonary TB, PTB -ve = smear negative pulmonary TB, EPTB = extrapulmonary TB, R =
relapse,
F = failure, D = return after default, O = others. Missing variables: age – 15 (1.2%), sex – 12(0.9%), address – 21(1.6%), disease classification –
7(0.5%), disease category – 58(4.4%), HIV result – 47(3.6%), sex & HIV result – 58(4.4%), age group and HIV – 61(4.7%), address and HIV –
21(1.6%), disease classification and HIV – 53(4.1%) and age category and HIV- 61(4.7%).
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Table 2: Socio-demographic characteristics and HIV status of pregnant women attending ANC, Southern Ethiopia, 2004 – 2005

Variables

Age
Age group

Residence

Mean (SD)
15 – 24
25 – 34
! 35 – 44
Rural
Urban

ANC attendants without HIV
(N = 3936), n (%)

ANC attendants with HIV
(N = 155), n (%)

25.45 (5.25)
1547 (96)
2077 (96.4)
312 (95.7)
2950 (97.5)
986 (92.5)

25.72 (5.19)
64 (4.0)
77 (3.6)
14 (4.3)
75 (2.5)
80 (7.5)

OR (95%CI)

1
0.89 (0.64 – 1.26)
1.09 (0.60 – 1. 96)
1
3.19 (2.31 – 4.41)

P – value

0.525
0.788
0.0001

ANC = antenatal care, HIV = human immunodeficiency virus, OR = odds ratio, CI = confidence interval, SD = standard deviation
Missing variables: age – 6(0.1%), address – 6(0.1%), HIV result – 108(2.6%), age group & HIV – 108(2.6%), address & HIV – 108(2.6%)

In contrast, in the six study sites where the two surveys
were conducted in the same health institutions, there was
a strong correlation between the rate of HIV infection
among pregnant women and TB patients (R2 = 0.732).
Upon further analysis by residence, the magnitude of correlation was stronger for study participants from urban
(R2 = 0.998) than rural areas (R2 = 0.546) as shown in
Table 4 and Figure 2. From a linear regression analysis, we
found the equation, prevalence of HIV among pregnant
women = -6.22 + 0.89* the rate of HIV infection in TB
patients. Each per cent increase of HIV seroprevalence in
TB patients corresponded to an increase in seroprevalence
of 0.89% among pregnant women.

The information about the rate of HIV infection among
different groups of a community is important to understand the extent of the problem and to implement appropriate prevention and control measures.

Discussion

In our study, there was no difference in the rate of HIV
infection among TB patients by gender, TB classification
and category. Unlike several other studies which reported
higher rates of HIV infection among smear-negative and
EPTB cases compared to smear-positive cases [3,5,10], we
did not find difference in the rate of HIV infection among

In the recent decades, the number of TB cases has
increased by several folds especially in sub-Saharan African countries. HIV infection is considered the main risk
factor for the increase in the number TB patients and the
proportion of smear-negative and EPTB cases [3,14,15].

In a large representative survey of TB patients in southern
Ethiopia, less than a fifth of them were HIV infected similar to other reports from the region [9,16]. Higher TB-HIV
co-infection rates, as high as 47% was reported from Ethiopia [17,18]. These studies however were hospital-based
and were conducted in few major towns where the prevalence of HIV infection in the general population was
much higher.

Table 3: The rate of HIV infection among TB patients and pregnant women attending antenatal care in southern region of Ethiopia
2004 – 2005

Survey sites by zones*
Urban survey sites
Sidama zone
Wolaita zone
Gedeo zone
Bench Maji zone
South Omo zone
Kaffa zone
Rural survey sites
Hadiya zone
Gurage zone
Gamo Goffa zone
Silte zone
Sheka zone
Kambata Tembaro zone
All survey sites

ANC attendants with HIV % (N)

TB patients with HIV % (N)

9.48 (29/306)
10.53 (26/247)
9.46 (21/222)
2.25 (8/360)
1.72 (7/408)
2.45 (8/326)

17.84 (38/213)
13.79 (12/87)
18.11 (23/127)
32.5 (66/203)
35.29 (12/34)
26.23 (16/61)

2.7 (7/259)
4.5 (18/400)
1.48 (6/405)
1.95 (8/411)
2.31(8/346)
2.24 (9/401)

9.17 (21/229)
13.14 (23/175)
10.61 (7/66)
8.33 (4/48)

R2†

Adjusted R2

P-value‡

0.034

0.034

< 0.001

*The survey sites were areas where we conducted the two surveys in the same and different health institutions.
†R2-coefficient of determination weighed for the number of study participants
‡P-value for adjusted R2 HIV = Human immunodeficiency virus, ANC = Antenatal care
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Table 4: The rate of HIV infection among TB patients and pregnant women attending antenatal care in the same health institutions of
southern region of Ethiopia 2004 – 2005

Survey sites by zones*
Urban survey sites
Sidama zone
Wolaita zone
Gedeo zone
All urban sites
Rural survey sites
Hadiya zone
Gurage zone
Gamo Goffa zone
All rural sites
All survey sites

ANC attendants with HIV % (N)

TB patients with HIV % (N)

9.48 (29/306)
10.53 (26/247)
9.46 (21/222)

17.84 (38/213)
13.79 (12/87)
18.11 (23/127)

2.7 (7/259)
4.5 (18/400)
1.48 (6/405)

R2†

Adjusted R2

P – value

0.998

0.998

< 0.001

0.547
0.732

0.546
0.732

< 0.001
< 0.001

9.17 (21/229)
13.14 (23/175)
10.61 (7/66)

*The survey sites were areas where we conducted the two surveys in the same health institutions in a district.
†R2-coefficient of determination weighed for the number of study participants

different TB classifications. This could be due to the relatively low prevalence of HIV infection in the region [13].
Another possible explanation could be under diagnosis or
referral of some smear-negative and EPTB suspects with a
potentially higher risk of HIV infection due to limited
diagnostic facilities.
Although the ANC-based HIV sentinel surveillance has
weaknesses as the results may be affected by low attendance of ANC, exclusion of private clinics, the rate of contraceptive use and provides no information about men, it

has been used as a proxy for HIV prevalence in the general
population [9]. In our study, the prevalence of HIV infection among pregnant women attending ANC was 3.8%.
This was similar to the previous reports from the region
[10] but lower than the reports of sentinel surveillance
from other parts of the country [7] and sub-Saharan African countries [19,20]. As expected, the prevalence of HIV
among pregnant women was higher in urban areas than
rural areas; this could be due to the difference in the risk
and rate of HIV infection in urban and rural communities
[21,22].
In our study, the rate of HIV infection in TB patients
strongly correlated with the rate of HIV infection among
pregnant women. This was because HIV is the main risk
factor fuelling TB epidemic. Similarly, countries with high
HIV prevalence in the general population had higher incidence of TB and relatively higher rates of TB-HIV co-infection.

Figure
The
nant
2004
association
women
– 2005
2
attending
of HIV antenatal
infection among
care in TB
southern
patientsEthiopia,
and pregThe association of HIV infection among TB patients and pregnant women attending antenatal care in southern Ethiopia,
2004 – 2005.
Urban.
Rural.
Fit line for total.

In southern and eastern Africa, reports have shown an
increase in TB notification rate of 13 cases per 105 population per year for each 1% increase in HIV prevalence in
countries with high prevalence of HIV infection [4]. In a
generalized HIV epidemic, the rate of HIV infection
among TB patients is an indicator of the maturity of the
HIV epidemic and predicts the occurrence of new TB cases
at country level [9]. A six per cent increase in the number
of TB cases and high rates of HIV infection among TB
patients over the last two decades were reported from subSaharan Africa. This was shown by a strong correlation
between adult HIV prevalence and TB case notification in
a community; and a higher prevalence of HIV infection in
pregnant women was accompanied by high rate of HIV
infection in TB patients [19]. Similarly, a strong correlation (R2 = 0.77) was reported from Europe [23].
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In our study, the correlation between the seroprevalence
in pregnant women and TB patients coincided with the
spread and stage of HIV epidemic in a community. This
was reflected by the higher rate of HIV infection among TB
patients and pregnant women in urban areas. This could
be because of matured HIV epidemic in urban areas that
led to an increased number of TB cases and number of
HIV infected TB patients [24,25]. In rural areas, we found
lower correlation possibly due to the low HIV prevalence
in the rural communities [13] and a lag period between
the spread of HIV infection and maturity of the epidemic.
In Zimbabwe, an increase in TB incidence occurred four to
five years after the spread of HIV infection in the community [4] and a lag period of seven years was reported from
Kenya [26]. Generally, HIV prevalence surveys in Africa,
Asia and Pacific showed HIV prevalence in TB patients to
be many times higher than that was seen in the general
population [27-29]. Similar to the report from Cameroon,
surveillance of HIV infection in TB patients could be used
as an estimate of the rate of HIV infection in the general
population [30].

Conclusion

The rate of HIV infection in TB patients was associated
with the prevalence of HIV infection among pregnant
women in the general population. The seroprevalence
information for TB patients and pregnant women could
be valuable for planning, monitoring and evaluation of
joint prevention and control activities. The trend and level
of interaction of HIV infection in TB patients and pregnant women need further study.
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Abstract
Background: One of the main strategies to control tuberculosis (TB) is to find and treat people with active disease.
Unfortunately, the case detection rates remain low in many countries. Thus, we need interventions to find and treat
sufficient number of patients to control TB. We investigated whether involving health extension workers (HEWs: trained
community health workers) in TB control improved smear-positive case detection and treatment success rates in southern
Ethiopia.
Methodology/Principal Finding: We carried out a community-randomized trial in southern Ethiopia from September 2006
to April 2008. Fifty-one kebeles (with a total population of 296, 811) were randomly allocated to intervention and control
groups. We trained HEWs in the intervention kebeles on how to identify suspects, collect sputum, and provide directly
observed treatment. The HEWs in the intervention kebeles advised people with productive cough of 2 weeks or more
duration to attend the health posts. Two hundred and thirty smear-positive patients were identified from the intervention
and 88 patients from the control kebeles. The mean case detection rate was higher in the intervention than in the control
kebeles (122.2% vs 69.4%, p,0.001). In addition, more females patients were identified in the intervention kebeles (149.0 vs
91.6, p,0.001). The mean treatment success rate was higher in the intervention than in the control kebeles (89.3% vs 83.1%,
p = 0.012) and more for females patients (89.8% vs 81.3%, p = 0.05).
Conclusions/Significance: The involvement of HEWs in sputum collection and treatment improved smear-positive case
detection and treatment success rate, possibly because of an improved service access. This could be applied in settings with
low health service coverage and a shortage of health workers.
Trial Registration: ClinicalTrials.gov NCT00803322
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We therefore need alternative methods to improve TB case
finding.
In Ethiopia, the National TB and Leprosy Control Programme
(NTLCP) started to implement DOTS in 1992. NTLCP is
responsible for policy formulation, resource mobilisation, monitoring and evaluation. Under the NTLCP, three levels of function
exist in the regions, zones and districts for coordinating TB control
activities. TB control is also integrated into the general service at
health facilities. The district TB programme coordinator is
responsible for supervision of the general health workers involved
in patient care in hospitals and health centres. However,
community DOTS was not started.
Ethiopia has the seventh highest TB burden in the world. In
2006, the estimated number of new smear-positive cases was 168
per 105 for Ethiopia. Unfortunately, the case detection rate was
27%, far below the target [6]. In 2004, the government of Ethiopia
launched a community-based initiative to provide essential health
services to the community under a health extension programme

Introduction
Each year, more than nine million new cases of tuberculosis
(TB) occur and about two million people die of TB. As a result of
the interaction between TB and human immunodeficiency virus
(HIV) infection, TB incidence is rising in sub-Saharan Africa. It
has also led to an increase in drug resistance and poor treatment
outcomes [1].
Information from South India shows that directly observed
treatment, short-course (DOTS) reduces TB incidence [2].
However, in many other countries, the case detection rates are
too low to reduce the incidence of TB. The main obstacles are low
health service coverage, shortage of health workers and poor
programme performance [3].
Epidemiological models show that active case finding might
reduce TB incidence and avoid TB deaths. Although active
case finding is effective in contact tracing on a small scale,
high cost and poor treatment adherence limit its use [4,5].
PLoS ONE | www.plosone.org

1

May 2009 | Volume 4 | Issue 5 | e5443

Community TB Care in Ethiopia

(HEP) to ensure equitable access to health services. The aim of
the HEP is to prevent major communicable diseases and promote health in the community. A new cadre of community level
health workers, health extension workers (HEWs), was trained for
1 year at an undergraduate level. With the aim of preventing
major communicable diseases, HEWs are trained on how to
identify and refer TB suspects, trace defaulters, and provide
treatment and health education [6,7]. However, their role in TB
control has not been evaluated. The aim of the present study was
to establish whether involving HEWs in TB control improved
smear-positive case detection and treatment success rates in
southern Ethiopia.

result was reported as treatment completed. If a patient remained
or became smear-positive at the end of 5 months or later, he/she
was reported as treatment failure. A patient who missed treatment
for eight consecutive weeks after receiving treatment for at least 4
weeks was reported as a defaulter. A patient who was transferred
to another district after receiving treatment for at least 4 weeks and
whose treatment outcome was not reported to the referring district
was reported as transferred out. A patient who died while on
treatment was reported as dead irrespective of the cause of death
[8].
Ethics. We obtained ethical clearance from the Ethical
Review Committee of the Regional Health Bureau in southern
Ethiopia. We obtained permission from TB programme managers
and kebele leaders after discussing with them community-based
TB care. TB patients were enrolled after giving informed
consent after explaining the aim of the study and the right
to refuse or to withdraw from the study. HIV testing was not
offered to TB patients because of the unavailability of HIV testing
and treatment in the study area at the time the study was
conducted.

Methods
The protocol for this trial and supporting CONSORT checklist
are available as supporting information; see Checklist S1 and
Protocol S1.

Study area and population
This study was conducted in Dale and Wonsho, rural districts of
Sidama zone in southern Ethiopia from September 2006 to April
2008. There were 51 kebeles (lowest administrative units) in the
two districts. Fifty-five per cent of the population live within twohour walking distance of health facilities. There were 21 health
posts (operational unit for HEWs), two health stations, two nucleus
health centres (health stations upgrading to health centres) and one
health centre. Three health facilities (one health centre and two
health stations) conducted sputum microscopy, and DOT was
provided in the health centre, nucleus health centres and health
stations. None of the health posts provide DOT.

The intervention
Training on how to identify TB suspects and administer
DOT. We trained health workers, laboratory technicians and

HEWs for 2 days. The training focused on symptoms and
transmission of TB, how to identify TB suspects, how to collect,
label, store and transport sputum specimens, administer DOT,
and follow patients during treatment. The messages and the
content of our training were similar to the curriculum of training
HEWs. HEWs, in the in the intervention kebeles, received on job
training about how to collect sputum samples and support patients
to adhere to treatment. HEWs collected sputum specimens once a
month. An ice box was used to keep the sputum specimens in the
health post and during their transportation on foot to diagnostic
units. The intervention included sputum collection and providing
DOT.
During health education sessions at health posts, HEWs
informed people living in the kebele about TB and advised
them to come to a health post if they had productive cough of
2 weeks or more duration. TB suspects who came to the health
posts were told about community-based TB care. HEWs
collected spot-morning-spot sputum specimens, and labelled and
transported them to the diagnostic units every month for
examination for acid-fast bacilli by direct microscopy. Smearpositive patients in the intervention kebeles received standard
DOTS under the direct observation of HEWs. TB patients visited
health posts daily during the intensive phase and once a month in
the continuation phase.

Health service and HEP
The Government of Ethiopia has a four-tier health service, and
the lowest level is a primary health care unit (a health centre and
five satellite health posts). On average, a health post serves a kebele
with 5000 people. The health policy focuses on provision of
preventive and promotive health care to the population under the
HEP, which involves prevention and control of diseases, including
TB. The local health authorities in consultation with kebele
leaders select two female residents, who have completed tenth
grade, from each kebele. The women receive training for 1 year
and are placed as HEWs in their respective kebele. They receive a
salary from the government and they are accountable to the health
centre [7].

Participants
TB case finding and treatment outcome
Case finding. TB suspects, who had cough for two weeks or
more, were referred for further investigations. A smear-positive
pulmonary TB case was defined by two positive sputum smears or
one positive smear and x-ray findings consistent with active TB.
Treatment regimen and duration. The treatment regimen
for new smear-positive cases consisted of two months intensive
phase treatment with ethambutol, rifampicin, isoniazid and
pyrazinamide followed by continuation phase treatment for 6
months with ethambutol and isoniazid. For children, in the
continuation phase, ethambutol/isoniazid was replaced by
rifampcin/isoniazid for 4 months. Follow-up sputum smear
examination was done at the end of 2, 5 and 7 months treatment.
Treatment outcome. A patient with at least two negative
smears including that at 7 months was reported as cured. A patient
who finished the treatment but did not have the 7-month smear
PLoS ONE | www.plosone.org

Control kebeles
Identifying TB suspects and DOT administration. HEWs
in the in the control kebeles did not received on job training about
how to collect sputum samples and how to support patients to
adhere to treatment. However, they provided health services,
including health education about TB, to the people living in their
kebeles. TB suspects presented themselves to diagnostic units.
However, the health workers from health facilities were trained as
they provided the service to intervention and control kebeles.
Smear-positive patients in the control kebeles received standard
DOTS were treated under the direct observation of general health
workers at health centres. TB patients visited health centres and
health stations daily during the intensive phase and once a month
in the continuation phase.
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Objective. the objective of the study was to investigate
whether involving HEWs in TB control improves the case
detection and treatment success rate in southern Ethiopia

intervention and control groups using a table of random numbers
(Figure 1).

Blinding
Outcome variables

Neither the general health workers nor TB programme
managers were blinded to the allocation. Although we did not
blind the laboratory technicians, they were not informed whether
the sputum specimens were from the intervention or control
kebeles.

Case detection rate.

the number of new smear-positive cases
detected divided by the estimated number of incident smearpositive cases, expressed as a percentage.
Treatment success rate. cure or treatment completion rate
was calculated as the number of patients cured or treatment
completed divided by the total number of patients reported
expressed as a percentage. Treatment success rate (TSR) was the
sum of cure and treatment completion rate.

Data collection
TB case finding and treatment outcome data were collected
from TB registers at health facilities and districts. The information
collected included date, age, sex, address, TB classification, smear
results and treatment outcome using the official reporting system
of the NTLCP.

Sample size calculation
The sample size was calculated based on a difference in effect
size of 30%, power of 80%, 95% significance level, and coefficient
of variation of 0.25. Based on the average annual smear-positive
case detection rate (CDR) of 41% (unpublished review of three
years of DOTS in the study area; the national CDR was 29%), we
calculated the number of clusters required per group with 30%
contingency. Based on the principle of allocating an unequal
number of clusters for randomization [9], we allocated 30 kebeles
to the intervention and 21 kebeles to the control group.

Statistical analysis
We used Microsoft excel and SPSS for Windows 14 (SPSS Inc,
Chicago, USA) for data entry and analysis. We analysed the data
on the basis that all TB patients in the intervention kebeles
intended to use community-based case finding and treatment. We
described the patients by age, sex, season and treatment outcome.
We calculated summary values of case detection and treatment
success rates for each kebeles. We used independent sample t test,
weighted by cluster size, to compare the mean CDR and TSR
using kebele as a unit of analysis. This is robust for cluster level
analysis of binary outcomes [9]. The intra-cluster correlation
coefficient was calculated using one-way analysis of variance
[10,11].

Randomization: generation and implementation
Before starting the intervention, we explained the aim of the
study to the programme coordinators of the districts and health
facilities. After we obtained their consent, we used the list of
kebeles in the two districts and randomly allocated them to

Figure 1. Map of the study area in Sidama zone in south Ethiopia. Shaded area - Intervention kebeles. White area with black box - Control
kebeles. Red box - Health centers and health stations.
doi:10.1371/journal.pone.0005443.g001
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(89.3% vs 83.1%, p = 0.012). Similarly, the mean TSR for females
was higher in the intervention than control kebeles (89.8 vs 81.3%,
p = 0.05) as shown in Table 3.

Results
Participants flow, recruitment and number analysed
In a year, the number of pulmonary TB suspects examined was
723 from intervention and 328 from control kebeles. Among these,
230 and 88 smear-positive patients were identified from the
intervention and control kebeles, respectively. All the smearpositive patients were analyzed (figure 2).

Discussion
Interpretation and overall evidences
We showed that involving HEWs in TB control improved the
smear-positive CDR and TSR in the intervention kebeles. Both
the CDR and TSR were higher for female patients in the
intervention kebeles.
DOTS uses passive case finding to detect TB cases, through
health education and tracing contacts of index cases [6]. However,
decades after implementing the strategy, smear-positive CDR has
remained far below the target. In particular, the trend in CDR was
consistently low for women, to the extent that passive case finding
seems to favour men [12,13,14,15]. The reasons are low health
service coverage, shortage of trained health workers and poor
health seeking behaviour [3,16,17]. Alternatively the advantage of
active case finding in improving case detection is limited due to the
associated high cost in resource-constrained settings [5,18].
Moreover, neither rapid community surveys [19,20] nor community DOT [21,22] seems to improve CDR.
In our study, community-based case finding significantly
improved the CDR for all age groups more for women than for
men. The increase in CDR was lower for children compared to
those aged 15 years and above. This could be explained by an
inability to produce sputum specimens, low disease burden, or the
low number of children enrolled in the study [23]. Patients from
the intervention kebeles were older than those from control kebeles
for both sexes. This may have been caused by poor access,

Baseline data
Of the 51 kebeles included in the study, 30 were intervention
kebeles with a population of 178,138 and mean kebele population
of 5938 people, while 21 were control kebeles with a population of
118,673 and mean kebele population of 5651 people. 53.4% (123/
230) of patients from intervention and 42% (37/88) from control
kebeles were female (Table 1).

Outcomes and estimation
Patients from control kebeles were younger than those from
intervention kebeles (26 vs 29 years, p = 0.011). The mean CDR
was higher in intervention kebeles (122.2% vs 69.4%, p,0.001)
and for female patients (149.0% vs 91.6%, p,0.001) (Table 2).
Among the 230 patients from the intervention kebeles, 172
(74.8%) were cured, 33 (14.3%) completed treatment, eight (3.5%)
died, two (0.9%) had treatment failure, 15 (6.5%) defaulted and no
patient was transferred out. Of the 88 patients in the control
kebeles, 60 (68.2%) were cured, 14 (15.9%) completed treatment,
two (2.3%) died, nine (10.2%) defaulted, three (3.4%) were
transferred out, and none had treatment failure (Figure 2). The
mean TSR was higher in the intervention than control kebeles

Figure 2. Trial profile for smear-positive TB case finding and treatment outcome.
doi:10.1371/journal.pone.0005443.g002
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poverty, and low health seeking behaviour that might have
hindered them from coming to the health facilities.
Routine surveillance reports have repeatedly shown higher
CDRs for men than women [24]. However, in our study, the CDR
was higher for females in the intervention group. This could be
explained by the improved geographic and socioeconomic access
to the service as sputum collection was done in the intervention
kebeles. As expected, the number of TB cases detected was greater
than that estimated. This may have resulted from underestimation
of TB incidence as reported from Myanmar [8], the backlog of TB
cases that were not reached by the health service [19,24], or
underestimation of the population in the study area. Further study
is required to determine the magnitude of TB in the community.
Studies have shown that using different treatment supervisors
for DOT has improved the TSR for passively detected TB cases
[25,26,27]. However, poor treatment adherence remains a
challenge for patients identified by active and enhanced case
finding [28]. In our study, decentralisation of the treatment to the
kebele improved the TSR for TB patients detected by enhanced
case finding. Similar to CDR, the TSR was higher for women
aged above 14 years because of improved access created by DOT
provision in the kebele.
Our findings suggest seasonal variation in CDR and TSR. In
the intervention kebeles, the rates peaked in spring (September–
November) and winter (December–February) possibly as a result
of the economic gain from the harvest in spring. However, in the
intervention and control kebeles, the rates were low in autumn
(March–May) when farmers prepare for the farming season, and
this was followed by another peak in early summer (June–August).
Previous studies have suggested that overcrowding and staying
indoors during the rainy season favour transmission of TB, which
results in greater seasonal variation in children [29,30,31]. In our
setting, further study is required to establish more about the
seasonal variation and its associated factors.
Although cluster randomized controlled trials are considered
valid studies, their methodological limitations should be addressed.
The baseline demographic and clinical characteristics were similar
in the two groups. We kept potential for bias to a minimum by
comparing and analysing information from complementary

Table 1. The baseline characteristics of the study area and
smear-positive tuberculosis cases of southern Ethiopia 2006/
07.

Variable

Intervention

Control

Communities
Number of clusters

30

21

Study population

178, 138

118, 673

Male

91,206

63,464

Female

86,932

55,209

Mean kebele population

5938

5651

Male

3040

3022

Female

2898

2629

Smear-positive TB patients
Mean age (SD)

29 (13)

26 (11)

Male

29 (13)

26 (13)

Female

29 (13)

24 (8)

Male

107 (46.6)

51 (58)

Female

123 (53.4)

37 (42)

Number (%) of TB cases by sex

Number (%) of TB cases by age(in years)
#14

23 (10.0)

9 (10.3)

15–24

63 (27.4)

34 (39.1)

25–34

72 (31.3)

28 (32.2)

35–44

58 (25.2)

13 (14.9)

45–54

14 (6.1)

3 (3.4)

Spring

55 (23.9)

29 (33.0)

Winter

69 (30.0)

18 (20.4)

Autumn

45 (19.6)

22 (25.0)

Summer

61 (26.5)

19 (21.6)

Number (%) of TB cases by season

doi:10.1371/journal.pone.0005443.t001

Table 2. Case detection rates of smear-positive tuberculosis cases in southern Ethiopia, 2006/07.

Variable
{

Intervention

Control

Mean difference (95%CI)

P - value

ICC*

CDR (%)

122.2

69.4

52.8 (39.8–65.4)

,0.001

0.00052

Male

112.6

86.0

26.6 (7.1–46.0)

0.008

0.00039

Female

149.0

91.6

57.4 (31.9–82.9)

,0.001

0.00073

For #14 years (%)

82.9

31.9

50.9 (26.8–75.2)

,0.001

0.00049

Male

69.8

44.1

25.6 (5.4–45.9)

0.018

0.00024

Female

115.6

45.5

70.1 (29.–110.6)

0.002

0.00065

For .14years (%)

193.7

118.2

75.5 (55.6–95.5)

,0.001

0.00060

Male

184.7

149.4

35.3 (4.2–66.5)

0.027

0.00038

Female

235.9

170.9

64.9 (15.6–114.4)

0.011

0.00098

0.00136

By season (%)
Spring

227.1

104.2

122.9 (70.9–174.9)

,0.001

Winter

138.5

80.8

57.7 (36.2–79.2)

,0.001

0.00013

Autumn

136.2

114.2

21.8 (219.4–62.9)

0.294

0.00061

Summer

169.5

87.4

82.0 (50.9–113.1)

,0.001

0.00069

*

ICC - intraclass correlation coefficient.
{
CDR - case detection rate.
doi:10.1371/journal.pone.0005443.t002
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Table 3. Treatment success rates of smear-positive tuberculosis cases in southern Ethiopia, 2006/07.

Variable

Intervention

Mean difference (95%CI)

P - value

ICC*

83.1

6.2 (1.4–10.9)

0.012

0.00052

84.3

2.7 (24.8–0.2)

0.471

0.00017

9.9 (1.6–18.2)

0.202

0.00035

Control

{

89.3

Male

87.0

Female

90.9

81.1

TSR for all (%)

For #14 years (%)

91.3

88.9

2.4 (217.4–22.2)

0.805

0.00028

Male

87.5

75.0

12.5 (264.6–89.6)

0.657

0.00003

Female

93.3

100

26.7 (231.4–18.0)

0.578

0.00017

88.9

80.8

8.2 (2.6–13.8)

0.005

0.00029

For .14years (%)
Male

88.0

80.4

7.6 (21.5–16.6)

0.101

0.00009

Female

89.8

81.3

8.6 (20.1–17.3)

0.05

0.00019

0.00024

By season (%)
Spring

89.1

89.6

20.6 (210.0–8.9)

0.906

Winter

84.1

93.8

29.9 (220.9–1.6)

0.090

0.00004

Autumn

73.3

68.2

5.2 (215.4–25.8)

0.619

0.00013

Summer

83.6

89.5

25.9 (222.4–10.7)

0.470

0.00018

*

ICC - intraclass correlation coefficient.
{
treatment success rate.
doi:10.1371/journal.pone.0005443.t003

sources. Although we did not blind the sputum samples sent to the
diagnostic units, the laboratory technicians received the standard
information for sputum analysis, and were not informed if the
sputum specimens were from an intervention or control kebele. In
addition, external quality control was performed for the slides
examined in health facilities at the Centre for Health and
Research Laboratory in the southern Ethiopia. In our sample size
calculations, the intraclass correlation was small. The CDR and
TSR in the control group was 45% and 83%, respectively, which
was similar to the CDR of 40% in the intervention and 42% in the
control kebeles, and TSR of 78% in the intervention and 74% in
the control kebeles (unpublished review of 3 years of DOTS in the
study area), which suggests the completeness of our data collection.
However, as control and intervention kebeles were neighbouring
each other and health facilities delivered the service to both
groups, we cannot rule out the effect of the intervention in the
control kebeles. This might have reduced the effect size in the
intervention kebeles.
Our intervention used enhanced case finding, a variant of active
case finding, in which HEWs encouraged TB suspects to visit
health posts for sputum collection, and provided DOT. The
strength of the study was that it included a sufficient number of
clusters to address an important challenge of DOTS strategy,
namely low CDR, and improved treatment adherence of patients
identified by enhanced case finding by providing DOT. It also
explored a practical way of involving HEWs in TB control under
the community-based initiative of HEP in Ethiopia.

especially laboratory technicians, with or without adequate health
service coverage. The findings of the study were disseminated to
managers of TB programmes in the southern region and at
national level. We believe our findings are relevant for policy
formulation on community TB care in Ethiopia. With limited
health care coverage and shortage of health workers, similar to
that in many developing countries, we believe that our findings are
applicable to similar settings.
In conclusion, involving HEWs in TB control improved the
CDR and TSR for smear-positive patients and females in
particular. It could be used as an option to improve the trend in
low CDR and provide patient-centred services in high-burden
countries. However, the cost-effectiveness of enhanced case finding
and treatment outcome needs further study.

Supporting Information
Checklist S1 CONSORT Checklist

Found at: doi:10.1371/journal.pone.0005443.s001 (0.06 MB
DOC)
Protocol S1 Trial Protocol
Found at: doi:10.1371/journal.pone.0005443.s002 (0.27 MB
DOC)
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Abstract
Background: Evidence for policy- and decision-making related to the cost of delivering tuberculosis (TB) control is lacking in
Ethiopia. We aimed to determine the cost and cost-effectiveness of involving health extension workers (HEWs) in TB
treatment under a community-based initiative in Ethiopia. This paper presents an ancillary cost-effectiveness analysis of
data from a RCT, from which the main outcomes have already been published.
Methodology/Principal Findings: Options of treating TB patients in the community by HEWs in the health posts and
general health workers at health facility were compared in a community-randomized trial. Costs were analysed from a
societal perspective in 2007 in US dollars using standard methods. We prospectively enrolled smear-positive patients, and
calculated the cost-effectiveness in terms of the cost per patient successfully treated. The total cost for each successfully
treated smear-positive patient was higher in health facilities (US$161.9) compared with the community-based approach
(US$60.7). The total, patient and care giver costs of community-based treatment were lower than health facility DOT by
62.6%, 63.9% and 88.2%, respectively. Involving HEWs added a total cost of US$8.80 to the health service per patient treated
in the health posts in the community.
Conclusions/Significance: Community-based treatment by HEWs costs only 37% of what treatment by general health
workers costs for similar outcomes. Involving HEWs in TB treatment is a cost-effective treatment alternative to the health
service and to the patients and their caregivers. Therefore, there is both an economic and public health reason to consider
involving HEWs in TB treatment in Ethiopia. However, community-based treatment would require initial investment for
implementation, training and supervision.
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Introduction

Under the NTLCP, there are three levels of function for
coordinating TB control in hospitals and health centres: regions,
zones and districts. TB diagnosis and treatment is provided by
general health workers (GHWs) in health facilities [5]. The
treatment success rate (TSR) of smear-positive cases in the study
area was 76% (unpublished three year review of TB programme
performance in the study area), while 84% at the National level.
The case detection rate (CDR) of smear-positive cases was 41% in
the study area and 27% at the National level, far below the target
of 70%. However, the cost implication for the health service and
the community has not been estimated.
In 2004, the Government of Ethiopia launched a communitybased initiative focused on disease prevention and health
promotion to ensure equitable access to health service. To this
end, health extension workers (HEWs) were trained and deployed

Ethiopia has one of the highest tuberculosis (TB) burdens in
the world [1]. Directly observed treatment short course (DOTS),
the World Health Organization (WHO) recommended TB
control strategy, was started in 1995 in Ethiopia by the National
TB and Leprosy Control Programme (NTLCP), being decentralized to hospitals and health centres [2]. However, less than
half of the population has access to the health service [3]. Thus,
many TB patients remain undiagnosed, untreated and continue
transmitting the infection. The interaction between TB and
human immunodeficiency virus (HIV) infection has fuelled the
TB burden and affected the already overstretched health service,
which needs alternative ways of making the service accessible
[4].
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to each kebele (the lowest administrative unit in Ethiopia) to
provide health service. The HEWs function from an operational
unit - a health post in each kebele, receiving training on TB as
part of communicable disease prevention and control [6].
However, community DOTS was not yet implemented and
HEWs were not providing directly observed treatment (DOT) to
TB patients [5].
Studies show that involving community health workers in TB
control is cost-effective in improving the treatment success
compared with health facility-based DOTS [7,8,9,10,11,12,
13,14,15]. Community DOTS requires supervision, some initial
investment and a well-coordinated TB control programme. Its
effectiveness therefore depends on how well the health system
functions in coordination with the community [16].
We conducted a community randomized trial (CRT) in
Southern Ethiopia to determine whether involving HEWs in TB
control would improve smear-positive CDR and TSR compared
with health facility-based TB treatment. We found both improved
CDR (122% vs. 69%, p,0?001) and TSR (89% vs 83%, p = 0?012)
in the community-based DOT (CDOT) compared with the health
facility-based DOT (HFDOT) [17]. Therefore, determining
whether involving a community-based approach is also more
cost-effective would seem a relevant issue for policy- and decision
making. To our knowledge, there have been no studies of cost and
cost-effectiveness of alternative ways of treating TB in Ethiopia. In
this study, we aimed to determine the cost and cost-effectiveness of
involving HEWs in TB treatment in Southern Ethiopia. This
paper presents an ancillary cost-effectiveness analysis of data from
a RCT, from which the main outcomes have already been
published.

their caregivers or freed by the programme. Weighted mean cost
was calculated to costs related to patients and caregivers. In this
study, hereafter, cost values refer to mean cost values per
successfully treated smear-positive TB patient.
Programme costs. Programme costs are the health service
costs including the expenses required to establish the health
service, and run the TB programme in the districts and health
facilities including the health posts in the kebeles. The average cost
for each component of treatment (drugs, sputum examination,
treatment and other medical expenses) was calculated from the
quantity and unit prices of resources. Time costs were estimated
from the health facility providing DOT to the patient’s place of
residence. Joint costs (cost items shared by two or more services)
were allocated to TB patients based on the proportion of the total
health facility visits which they accounted for and the associated
health workers time. Annuitization was done on the basis of the
expected useful life of 30 years for buildings, 10 years for cars and
equipment and 5 years for motorcycles [19]. The base year for
valuing costs was 2007, and the exchange rate was 8.6 Ethiopian
Birr to US $1.
The cost of HEWs, part of the health service, included the time
spent for treatment supervision in the kebele, travel time and
expenditures associated with visits to the health facilities to collect
drugs. The time costs were converted to a monetary value based
on the monthly income of HEWs in US dollars. The cost of
training and supervision was also included.
Patient costs. Patient costs include the costs related to the
TB patient and their caregiver. The costs were estimated for the
smear-positive patients and their caregivers using a structured
questionnaire. TB patients and the caregivers were asked about
the travel time and expenses associated with visits to HEWs in the
health post to take drugs. This included transport, food and other
costs. The cost data was collected for all caregivers who
accompanied the patients to health centres and health posts.
Travel time was estimated from the patient’s home to the health
post in the kebele. The time costs were converted to a monetary
value based on unskilled wage rates [18] which was US$1.39 per
day (US$0.17 per hour) in the study area.
The cost data was case specific for all study participants and was
standard in each arm of the intervention. At least ten visits in the
intensive phase and six visits in the continuation phase were used
as a standard for smear-positive patients and care givers for both
the CDOT and HFDOT.
For each treatment option, average costs were multiplied by the
number of times each cost was incurred to calculate the cost per
patient successfully treated. For each kebele, we calculated
summary values of costs and then used an independent sample t
test, weighted by cluster size, to compare the mean costs using
kebele as a unit of analysis.
The data sources were budget and expense files of the districts
finance and health offices, health facilities, health workers’
payroll, drug and supply prices, funds used from research
projects (training, supervision and review of activities), TB
control programme, bank reports and interview of the study
participants.

Methods
The protocol for this trial and supporting CONSORT checklists
are available as supporting information; see Checklist S1,
Flowchart S1 and Protocol S1. Full description of trial methodology is given in the paper reporting main trial findings [17].
Briefly, two treatment options of treating smear-positive patients
were compared: health facility and community DOT (CDOT - the
intervention).

Health Facility-Based DOT (HFDOT)
TB patients receive treatment under the direct observation of
GHWs in hospitals and health centres. They visit health facilities
daily for two months during the intensive phase. During the
continuation phase, patients visit health facilities once a month to
collect drugs but take the drugs unsupervised.

Community DOT (CDOT): The Intervention
TB patients visit the health post daily for two months during the
intensive phase to receive treatment under the direct observation
of HEWs in their kebele. During the continuation phase, patients
collect drugs from the HEWs on a monthly basis.
Trained HEWs and GHWs prospectively collected the cost data
by using a structured questionnaire. GHWs also used a checklist to
observe the conduct of DOT in the health facilities and the
kebeles.

Effectiveness
The measure of effectiveness was based on sputum smear
results at the end of the 2nd, 5th, and 7th months of treatment.
Patients with at least two negative smears including the smear at
the 7th month were reported as cured. Patients who finished the
treatment but did not have the 7th month smear result were
reported as treatment completed. We used TSR as a measure of
effectiveness, which is a standard indicator used by WHO to

Costing
Costs were assessed from a societal perspective in 2007 in US
dollars, using recommended standard methods [18]. We classified
costs in to programme and patient costs. Direct cost refers to
patient’s out-of-pocket expenses for seeking treatment, while
indirect cost refers to the cost of the time spent by the patient or
PLoS ONE | www.plosone.org
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measure programme success and which has been adopted by the
NTLCP in Ethiopia. TSR was calculated as the sum of the
number of TB patients who were cured and the number of TB
patients for which treatment was completed divided by the total
number of smear-positive cases reported, expressed as a
percentage [1,5]. The effectiveness data was obtained from
CRT. Briefly, we calculated the summary values of TSRs for
each kebele. Then we used an independent sample t test,
weighted by cluster size, to compare the mean TSR using the
kebele as a unit of analysis. This is robust for cluster level analysis
of binary outcomes [20].
In a no intervention scenario (‘‘do-nothing alternative’’), a selfcure rate of 20% was used but 0% for HIV infected TB patients.
The reported rate of TB-HIV co-infection in southern Ethiopia
was 17.5% [21]. The self-cure rate was calculated using the
following formula: [(estimated percentage of HIV+ patients x 0) +
(estimated percentage of TB patients who are not HIV infected x
20)]/100 [22].

Table 1. Baseline characteristics of smear-positive
tuberculosis patients in Southern Ethiopia.

Community DOT

Health facility DOT

Mean age (SD)

26.8 (13.7)

25.2 (11.8)

Gender
Men

62 (38.5%)

43 (63.2%)

Women

99 (61.5%)

25 (36.8%)

Illiterate

55 (37.2%)

27 (45.0%)

Literate

93 (62.8%)

33 (55.0%)

Missing

13

8

Student

38 (32.2%)

16 (26.7%)

Farmer

34 (28.8%)

24 (40.0%)

Housewife

38 (32.2%)

18 (30.0%)

Education

Occupation

Cost-Effectiveness
Cost-effectiveness was calculated as the average cost per patient
treated successfully. This was done by dividing the total cost by the
number of TB patients successfully treated for each of the two
treatment options, the CDOT and HFDOT.

Others

8 (6.8%)

2 (3.3%)

Missing

42

8

Marital status

Sensitivity Analysis
Sensitivity analysis determines the level of uncertainty in the
components of the evaluation by repeating the comparison
between cost items and consequences while varying the assumptions underlying the estimates. A one-way sensitivity analysis varies
one cost item at a time while others are held at base value to
measure its impact on the results of the evaluation [18,23]. We
performed one-way sensitivity analysis to assess the robustness of
the results to changes in the cost values. We varied one cost
variable at a time, repeating the analysis for the cost items. We
based the uncertainty analyses on the minimum and maximum
values of mean travel time, transport and total cost in our study.
We used the 95% confidence interval of the effectiveness for the
treatment outcome.

Single

51 (34.5%)

19 (28.8%)

Married

93 (62.8%)

47 (71.2%)

Widowed/divorced

4 (2.7%)

0 (0.0%)

Treatment outcome*
Cured

132 (82.0%)

56 (82.4%)

Treatment completed

29 (18.0%)

12 (17.6%)

*A smear-positive tuberculosis patient with at least two negative smears
including that at 7th month was reported as cured, while a patient who finished
the treatment but did not have the 7th month smear result was reported as
treatment completed.
doi:10.1371/journal.pone.0009158.t001

Costs
Programme costs: the health service and health extension
workers costs. The health service invested US$73.5 for

HFDOT and US$7.9 for CDOT. The cost of anti-TB drugs for
a patient was US$22.1. The cost of training was US$10.0 in
HFDOT and US$5.1in CDOT. Similarly, the cost of supervision
was US$10.9 in HFDOT and US$5.9 in CDOT.
The travel time (estimated travel cost) for HEWs was 19.7 hours
(US$5.1). The transport and food costs were US$0.9 and US$2.8,
respectively. Therefore, the HEWs total cost per patient was
US$8.8, accounting for 14.3% of the total cost per patient for
CDOT.
Patient costs: the patient and caregiver costs. The
patient costs are described as follows. The mean and standard
deviation (SD) of travel time (estimated travel cost) was 27.6
hours (US$4.3, SD = 1.9) in CDOT and 68.9 hours (US$11.9,
SD = 5.2) in HFDOT (p,0.05). The transport cost was US$0.6
(SD = 1.2) in CDOT and US$3.7 (SD = 10.5) in HFDOT
(p = 0.013). Similarly, the associated food cost was (US$3.5,
SD = 2.9) in CDOT and US$8.8 (SD = 5.2) in HFDOT. The
direct patient cost was lower in CDOT (US$4.1, SD = 3.0) than
HFDOT (US$12.1, SD = 10.7) (p,0.05). The total patient cost
was lower in CDOT (US$8.4, SD = 3.9) than HFDOT (US$24.4,
SD = 12.2) (p,0.05). The total cost in CDOT was lower than HF
DOT by 63.9% (Figure 1).
The caregiver costs are described as follows. The travel time
(estimated travel cost) was 9.9 hours (US$1.6, SD = 1.5) in CDOT

Ethical Clearance
The Ethical Review Committee of Southern Nations, Nationalities and Peoples’ Regional Health Bureau approved the study.
We first discussed the aim of the study with the TB programme
managers and kebele leaders about community- based TB care
and obtained permission to proceed. Then we explained the aim
of the study to the study participants and enrolled them after
obtaining informed consent. The study participants were also
informed about the right to refuse or withdraw from the study.
The Ethical Review Committee approved verbal consent, in
adherence to NTLCP recommendations.

Results
Two hundred and twenty-nine smear-positive patients were
enrolled. We interviewed 161smear-positive patients and 113 care
givers in the CDOT and 68 smear-positive patients and 97
caregivers in HFDOT. More women were enrolled in CDOT
62% (99 of 161 patients) than HFDOT 37% (25/68). Regarding
literacy, 63% of the patients (93/148) from community and 55%
(33/60) from facility were literate. Regarding marital status, 63%
patients (93/148) from community and 71% (47/66) from facility
were married (Table 1).
PLoS ONE | www.plosone.org
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Cost-Effectiveness
The cost per successfully treated patient was US$161.9 and
US$60.7 in HFDOT and CDOT, respectively. CDOT reduced
the total cost per successfully treated patient by 62.6% (Table 2
and figure 3). Based on the cost and effect estimates of no
intervention (US$0, 17%), HFDOT (US$161.9, 83.1%) and
CDOT (US$60.7, 89.3%), the incremental cost-effectiveness ratio
of running HFDOT and CDOT from a do-nothing alternative
was 2.4 and 0.8, respectively. The incremental cost-effectiveness
ratio of HFDOT to CDOT was -16.3.

Sensitivity Analysis
The sensitivity analysis showed CDOT to be a more effective
and less costly approach compared to HFDOT on varying
estimates of the main cost items (Table 3).

Figure 1. Tuberculosis patient costs under DOT options. Blue
bar - Health facility DOT. Red bar - Community DOT.
doi:10.1371/journal.pone.0009158.g001

Discussion
and 16.5 hours (US$4.7, SD = 5.7) in HFDOT (p,0.05). The
transport cost was lower in CDOT (US$0.1, SD = 0.9) than
HFDOT (US$14.2, SD = 43.6) (p = 0.006). Similarly the associated food cost was lower in CDOT (US$0.8, SD = 1.2) than
HFDOT (US$2.1, SD = 2.8) (p,0.05). The total caregiver cost
was lower in CDOT (US$2.5, SD = 2.7) than HFDOT (US$21.1,
SD = 50.6) (p = 0.002). The total care giver cost in CDOT was
lower than HF DOT by 88.2% (Figure 2).
The total cost (patient and programme cost) per successfully
treated smear-positive patient was higher in HFDOT (US$161.9)
compared to CDOT (US$60.7). The total cost in CDOT was
lower than HF DOT by 62.6% (Table 2 and figure 3).

Interpretations and Overall Evidence
In Ethiopia, DOTS coverage was reported to be 100%
(implemented in all hospitals and health centres). However, case
finding and TSRs are below the WHO targets [1]. In such a
setting, it is relevant to ask how this could be improved.
Improvement may be achieved by more efficient intervention for
identifying TB cases, including providing treatment at a lower cost
[24]. In our study, the cost of treating a patient in health facilities
was 2.7 times higher than the cost of treating a patient in the
community-based approach inclusive of the initial investment for
implementation, training and supervision of CDOT. CDOT
improved the TSR by 6.2% and reduced the cost of treating a
patient by 62.6%. This shows that more patients could be
successfully treated with the same amount of resources by using
CDOT instead of HFDOT.
The main reason for the reduction in cost of the communitybased approach was the reduction in the travel distance and
related costs as the patients visited the HEWs in the health post,
which was located nearer to where the patients lived. The
reduction in caregiver and patient costs results in a slight increase
over the health service cost. However, from a societal perspective,
the gain in terms of cost and health benefits is huge. Thus,
involving HEWs in TB treatment is an attractive economic option
to the health service and to the patients and their caregivers.
Decentralization of the DOTS programme improves the TSR
[25,26]. A community-based approach is found to be more
effective and cost-effective as it overcomes the limitation of
reliance on health facilities in providing access to TB care
[27,28,29]. It also consistently reduces the cost of treatment even
in a decentralized health service [16]. In our study, the cost per
successfully treated patient was low (US$61) compared with studies
from Malawi (US$201) and Botswana (US$1657). Similarly, the
reduction in average cost per patient treated in our study was 63%
compared to those reported for South Africa (36%) and Kenya
(65%) [11,12,13,14]. The main reason could be that Ethiopia is a
low-cost country with low salaries. Also, we did our study in a rural
setting as opposed to an urban setting.
The gain in effectiveness of the CDOT was mainly due to the
reduced travel distance that reduced the cost, and time lost on
travel to receive treatment. In settings with low health service
coverage the significance of CDOT is high. CDOT could
complement the existing health service to improve the access
and success rate TB programmes in countries like Ethiopia where
CDOT has not yet been implemented on a national scale.
The strength of the study is that the data was prospectively
collected in CRT. We adhered to the routine care for treatment and

Effectiveness
In the CRT, smear-positive patients received DOT, 230 under
HEWs in the community and 88 under GHWs in health facilities.
In the community-based approach, of the 230 patients, 172
(74?8%) were cured and 33 (14?3%) completed treatment. Of the
88 patients treated in the health facilities, 60 (68?2%) were cured
and 14 (15?9%) completed treatment. The mean TSR was higher
in CDOT (89.3%) than HFDOT (83?1%). The mean and its
difference being 6.2% (1.4% - 10.9%, p = 0?012). The details are
given elsewhere [17]. Based on the reported 17.5% TB-HIV coinfection rate in smear-positive patients in Southern Ethiopia [21]
and using the formula to calculate self-cure, cure without
treatment (given above in the methods section under ‘effectiveness’), we found TSR of 80.8% for HFDOT and 86.9% for
CDOT.

Figure 2. Caregiver costs under DOT options. Blue bar - Health
facility DOT. Red bar - Community DOT.
doi:10.1371/journal.pone.0009158.g002
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Table 2. Average cost per patient for treatment options of smear-positive tuberculosis patients in Southern Ethiopia 2006/07.

Cost items

Community DOT
quantity

Health facility DOT
mean unit price in US$

quantity

mean unit price in US$

Programme costs
Running TB programme

1

7.9

1

73.5

Training and review meeting

1

5.1

1

10.0

Drugs and supplies

1

22.1

1

22.1

Supervision

8

5.9

3

10.9

Direct cost of visit

8

3.7

Indirect cost

8

Health extension workers cost

Total programme cost

5.1
49.8

116.5

Patient costs
TB patient
Direct cost of visits*
Indirect cost

66

4.1

66

4.3

12.5
11.9

Caregiver
Direct cost

0.9

16.3

Indirect cost

1.6

4.7

Total patient costs

10.9

45.4

Total costs

60.7

161.9

*

Patients visited the health facilities in health facility DOT and health posts in community DOT. Health extension workers visited the health facilities monthly to collect
drugs. Direct cost implies out-of- pocket expenses and indirect cost implies travel time cost.
doi:10.1371/journal.pone.0009158.t002

training new HEWs and providing refresher training to the already
trained HEWs should be considered. This also applies to the general
health workers involved in TB control in health centres and hospitals
that have higher drop outs. Therefore, the estimated cost required for
CDOT will still remain lower than HFDOT for similar outcomes.
The government of Ethiopia has already increased the uptake
and training of HEWs in the country to ensure and deploy two
HEWS per kebele. Thus, doubling HEWs per kebele has already
started at the end of the first year of the intervention in 2007
before drop outs occur at least in our study area. Therefore, it only
requires training HEWs which was two days in case of our study to
enrol them in community based TB control activities to achieve
the outcomes reported in our intervention.
A major limitation of the study was that we based our estimation
on the time converted into monetary value for which there is no

outcome measures as recommended by the NTLCP, which did not
require extra visits by the patients because of the community-based
approach. We used HEWs living in the kebeles, who were employed
to provide a health service that favoured the sustainability of the
community approach in the Ethiopian health system as opposed to
other community approaches whereby the community health
workers have been used for only short periods. We conducted our
intervention under approved programme conditions and prospectively collected cost data that reduced the chance of recall bias. We
included all cost categories in the sensitivity analysis that reduced the
chance of selection bias. Moreover, the long period of the observation
(September 2006 to April 2008, i.e., 20 months) may have
contributed to the consistency of the data [18]. In our study we did
not have drop outs of HEWs due to the fact that HEWs were selected
from the kebeles they live in. However, in the future, the possibility of

Figure 3. Costs per successfully treated smear-positive tuberculosis patient. Blue bar - Health facility DOT. Red bar - Community DOT.
doi:10.1371/journal.pone.0009158.g003
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Table 3. Variation in cost-effectiveness ratio upon changes in input variables.

Input variables

CER* CDOT

Input values

Input values

CER HFDOT

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

TB patient time cost

0.51

11.16

51.12

55.95

3.16

27.21

125.29

150.33

Care giver time cost

0

7.17

54.08

59.19

0

18.95

133.87

160.63

HEW{ time cost

3.63

8.94

55.04

60.24

TB patient cost

0.65

17.37

55.06

60.26

12.32

94.88

127.52

153.01

Caregiver cost

0

13.19

55.43

60.67

0

177.27

131.56

157.86

HEW cost

3.63

30.05

55.62

60.88

Discount rate

0

3%

59.83

61.68

0

3%

154.21

158.98

TSR-N{

82.22%

91.74%

77.94

86.97
77.79%

89.85%

207.50

259.71

85.11

93.15

55.74

61.00
76.45

91.73

136.27

163.51

TSR-N
TSR1
TSR
*

Cost-effectiveness ratio.
{
Health extension worker.
{
Treatment success rate excluding self-cure.
1
Treatment success rate.
doi:10.1371/journal.pone.0009158.t003

agreement among experts [18]. It was also difficult to get reliable
income data for rural areas. Therefore, we based our estimate on
the wage of unskilled labour. This might have underestimated the
time cost. In treatment outcomes like deaths and defaulters the cost
was not captured for the total follow up period due to the nature of
the outcome. In such cases, the distance from the health institutions
and the related high cost could be the plausible explanations for
such outcomes mainly in HFDOT. Therefore, the cost of treating
smear-positive patient could be on the lower side, an underestimate,
in both arms but mainly in HFDOT where distance and related cost
was high. Using one-way sensitivity analysis, where we varied one
cost item at a time, might not have captured the interaction between
cost items. The economic and public health benefit of treating TB
patients in terms of disease transmission, averting death or
increasing productivity was not the scope of the study.

Supporting Information

Generalizability

Protocol S1

Our study area was a densely populated agrarian community in
Ethiopia. This area is typical of the rural population of Ethiopia,
representing 85% of the total population where, high treatment
success rates are not achieved because of the limited health service
coverage and shortage of health workers. With health posts in each
kebele and the huge number of HEWs, more cost-effective
approaches are needed. As opposed to the study period where
there was only one HEW per kebele, now two HEWs are deployed
to rural kebeles in Ethiopia. Thus, we believe that our findings are
applicable in similar settings. For example our approach could be
adopted in other regions or countries where two HEWs work in
each rural kebele. In addition, the Federal Ministry of Health of
Ethiopia has assigned full-time public health nurses as supervisors
of HEWs that favour implementation of CDOT. We presented the
results of the study at a NTLCP review meeting.
In conclusion, community DOT costs only 37% of what
HFDOT costs for similar outcomes. For the same amount of

Found at: doi:10.1371/journal.pone.0009158.s003 (0.44 MB
DOC)

money in health facilities, at least two smear-positive patients
could be treated under a community-based approach. There are
both economic and public health reasons to consider involving
HEWs in TB treatment by the NTLCP of Ethiopia. However, due
attention should be paid to ensuring initial start up investment to
implement CDOT, training and supervision.

Checklist S1

Found at: doi:10.1371/journal.pone.0009158.s001 (0.06 MB
DOC)
Flowchart S1

Found at: doi:10.1371/journal.pone.0009158.s002 (0.03 MB
DOC)
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Abstract
Background: Decentralization of DOTS has increased the number of cured smear-positive
tuberculosis (TB) patients. However, the rate of recurrence has increased mainly due to HIV
infection. Recurrence rate could be taken as an important measure of long-term success of TB
treatment. We aimed to find out the rate of recurrence in smear-positive patients cured under
DOTS in southern Ethiopia.
Methods: We did a retrospective cohort study on cured smear-positive TB patients who were
treated from 1998 to 2006. Recurrence of smear-positive TB was used as an outcome measure.
Person-years of observation (PYO) were calculated per 100 PYO from the date of cure to date of
interview. Kaplan-Meier and Cox-regression methods were used to determine the survival and the
hazard ratio (HR).
Results: 368 cured smear-positive TB patients which were followed for 1463 person-years. Of
these, 187 patients (50.8%) were men, 277 patients (75.5%) were married, 157 (44.2%) were
illiterate, and 152 patients (41.3%) were farmers. 15 of 368 smear-positive patients had recurrence.
The rate of recurrence was 1 per 100 PYO (0.01 per annum). Recurrence was not associated with
age, sex, occupation, marital status and level of education.
Conclusion: High recurrence rate occurred among smear-positive patients cured under DOTS.
Further studies are required to identify factors contributing to high recurrence rates to improve
disease free survival of TB patients after treatment.

Background

The World Health Organization (WHO) recommends
directly observed treatment short-course (DOTS) to control tuberculosis (TB). It advocates early case detection
and prompt treatment to ensure long-term success by
reducing transmission, recurrence (relapse or reinfection)
and death [1].

Decentralized DOTS implementation has increased the
number of successfully treated TB patients [2-5]. However,
in some countries, the incidence of TB has increased, as
has the risk of defaulting, failure, death and recurrence,
mainly because of the HIV epidemic [6,7]. Therefore,
recurrence and death in successfully treated TB patients
could be taken as an important measure of the efficacy of
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TB treatment. However, there are no routines in monitoring TB patients after completing treatment.
Post-treatment studies reported high recurrence rate in TB
patients (36%) after 22 months of follow-up [8]. The
recurrence rates were high among patients infected with
HIV infected and multidrug resistant (MDR) TB (cases
with strains resistant at least to isoniazid and rifampicin)
[8-10]. This may increase TB incidence and reduce the
treatment success [11,12].
In Ethiopia, the success of TB control is affected by the
shortage of health workers to conduct case finding and
treatment supervision [4]. In such settings, poor treatment
adherence and extended treatment regimen could compromise the long-term efficacy of TB treatment by increasing the rate of recurrence, transmission of infection and
emergence of drug resistance [13].
To our knowledge, no follow-up study has been conducted in Ethiopia to determine recurrence rates in cured
smear-positive TB patients. The aim of the study was to
find out the rate of recurrence through community based
follow-up of smear-positive TB patients cured under
DOTS.

http://www.biomedcentral.com/1471-2458/9/348

Methods

Study area and population
We did this study in Dale and Wonsho districts of Sidama
zone in the southern Ethiopia (Figure 1). It is a densely
populated agrarian community (with a population of
296, 811). DOTS was started in 1996 [14] and six health
facilities were providing TB service in the study area.
Trained general health workers administer directly
observed treatment. Standard recording and reporting formats were used in the health facilities and the districts.
District TB programme experts regularly checked the completeness and accuracy of the recording in the unit TB register. The estimated prevalence of TB in the study area was
643 per 105 population; and the incidence of smear-positive cases was168 per 105 population for 2006 [4]. The
case detection, cure and treatment success rates were 41%,
58% and 76% respectively. The sputum conversion rate at
second month of follow-up was 83% (unpublished report
from the study area).
Study design
This was a retrospective cohort study based on TB patients
that were registered in unit TB registers in the health facilities providing DOTS. We enrolled new and retreatment
cases that were reported cured from 1998 to 2006 through
house-to-house visit.

Figure
Map
of the
1 study area in Sidama zone in the southern Ethiopia
Map of the study area in Sidama zone in the southern Ethiopia.

Page 2 of 5
(page number not for citation purposes)

BMC Public Health 2009, 9:348

Case definition, treatment duration and outcome
TB patients who had productive cough for two weeks or
more with at least two positive sputum smears or one positive smear and x-ray findings consistent with active PTB
were classified as smear-positive pulmonary TB cases.

TB patients received two months intensive phase and six
months continuation phase treatment. Follow-up sputum
examination was done at the end of 2nd, 5th and 7th
months of treatment. A smear-positive TB patient who
had negative sputum smear result in the last month of
treatment and on at least one previous occasion (2nd or 5th
month) was reported as cured. The term recurrence was
used to indicate rediagnosis of smear-positive TB in
patients who were reported cured [8].
Data collection
From unit TB register in health institutions in the two districts, we obtained the list of smear-positive TB patients
who were declared cured from 1998 to 2006. We collected
information about unit register number, name, age, sex,
address, TB category, smear result and the treatment outcome. The data was crosschecked with the district TB register that contained the list of the patients treated in the
health institutions in the districts. Trained health extension workers conducted house-to-house visits, and collected data from the TB patients or their households. They
collected the information if the TB patient were alive, had
symptoms of TB and registered the date of the interview
using structured questionnaire. The data collection was
done from September 2007 to February 2008. HIV results
were not available for TB patients enrolled in our study.
Data analysis
We used SPSS 14 for Windows for data entry and analysis.
We described the patients by age, sex, TB category, marital
status, level of education and occupation. The outcome
measure was recurrence of TB. Person-years of observation
(PYO) were calculated from the date of cure to date of
interview.

We used the Kaplan-Meier method to find out the eventfree survival and the log-rank test for the statistical significance. Cox-regression method was used to determine the
hazard ratio (HR) and 95% Confidence interval (95%CI).
Recurrence rate was calculated as the number of recurrences per 100 PYO. P-value less than 0.05 was considered
significant.
Ethical clearance
The Ethical Review Committee of the Regional Health
Bureau approved this study. After explaining the aim of
the study, we obtained informed consent from the study
participants or head of the household. Patients with
recent history of cough and other symptoms suggestive of

http://www.biomedcentral.com/1471-2458/9/348

TB were advised to visit health posts for sputum collection
by health extension workers or to visit diagnostic health
institutions for examination.

Results

Of the 397 smear-positive TB patients registered, 368
(92.7%) were followed. Incomplete information was
obtained for 29 (7.3%) of which 8(2.0%) had moved to
other districts. However, no difference was observed by
age, sex, and TB category compared o the patients we
enrolled.
Of the 368 smear-positive TB patients which were followed, 187 patients (50.8%) were men, 277 patients
(75.5%) were married, 157 (44.2%) were illiterate, and
152 patients (41.3%) were farmers (Table 1). 368 cured
smear-positive TB patients were followed for 1463 person-years. 15 of 368 smear-positive patients had recurrence. The mean (median) duration of follow-up was 3.87
(4.0) years. The rate of recurrence was 1 per 100 PYO
(0.01 per annum). Recurrence was not associated with
age, sex, occupation, marital status and level of education
(Table 2).

Discussion

The estimated recurrence rate in our study area was 1 per
100 PYO. This could be explained by HIV infection, MDR
TB, reinfection due to high TB burden and inadequate
treatment supervision and patient follow-up.
HIV infection increases the risk of infection, reinfection,
recurrence and death. It also increased the workload by
fuelling TB epidemic and affected the performance of TB
programme [6]. In southern Ethiopia, the prevalence of
HIV infection in the general population and TB patients
was 3.8% and 17.5% respectively [15]. This could be one
of the factors to explain the high recurrence rate in our setting. However, the role of HIV in recurrence requires further investigation.
Higher recurrence rates reported elsewhere, 8.6% in Vietnam after 19 months, 11% in India after two and half
years and 36% in Kazakhstan after 22 months of followup [16-18] were attributed to MDR TB, poor treatment
supervision
and
inadequate
patient
follow-up
[8,9,11,12]. Though the prevalence of MDR TB in Ethiopia was believed to be low (1.6% in new and 12% in previously treated TB cases), 50% resistance to one or more
drugs in re-treatment cases was reported) [19]. Similarly
7.7% resistance to at least one TB drug was reported from
our study area [20]. This may also be one of the factors to
explain the high recurrence rate in our setting.
Moreover, factors that affect the performance of TB programme (poor treatment supervision and failure to do fol-
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Table 1: Socio-demographic characteristics of cured smearpositive patients in southern Ethiopia from 1998 - 2006

Variables

number

Percent (%)

187
181

50.8%
49.2%

90
268
9
1

24.5%
73.0%
2.5%

157
57
120
21
13

44.2%
16.1%
33.8%
5.9%

64
152
35
16
101

17.4%
41.3%
9.5%
4.3%
27.4%

364
4

98.9%
1.1%

Sex
Male
Female
Marital status
Single
Married
Divorced/widowed
Missing
Level of education
Illiterate
1-4
5-8
9+
Missing
Occupation
Student
Farmer
Housewife
Merchant
Others
Current status
New
Retreatment

low-up sputum examination) and the patients' general
condition could increase the recurrence rate. Inadequate
treatment supervision, more pronounced during continuation phase when patients receive unsupervised treatment, reduces treatment adherence and increases the risk
of treatment failure and MDR TB. This is worsened when
the importance of treatment adherence is not well
addressed during health education sessions [21]. Addi-

tionally, failure to conduct follow-up sputum examination reduces the chance of detecting failure cases (smearpositive at 5th or 7th month) without affecting the number
of patients that complete treatment under DOTS. Thus, in
routine practice where cure is based on smear microscopy,
treatment failure can be missed.
The limitation of the study were using sputum microscopy
for the diagnosis of recurrence in smear-positive patients
that may have underestimated the rates of recurrence and
lack of HIV test result to estimate the role of HIV in recurrence.
The significance of this study is more in settings with high
TB and HIV prevalence. In such settings high disease transmission may maintain the burden of TB in the community. Yet, high recurrence rates in cured smear-positive TB
patients should alert TB programme managers to identify
the risk factors. The performance of TB programme could
be improved by addressing factors that affect treatment
adherence and increase the risk of MDR TB. TB patients
could also benefit from the access to HIV prevention and
control measures in high-risk patients to reduce recurrence and improve their long-term survival.

Conclusion

The rate of recurrence in cured smear-positive TB patients
was high in our setting. Further studies are required to
identify risk factors for recurrence to improve the disease
free survival of cured smear-positive TB patients.
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Table 2: Factors predicting recurrence in cured smear-positive tuberculosis patients in southern Ethiopia from 1998 - 2006

Variables

Age (in years)
< 15
!15
Sex
Female
Male
Level of education
Illiterate
Literate
Marital status
Never married
Married
Occupation
Farmers
Non farmers

Recurrence
Yes No

PYO*

Recurrence rate per 100PYO

Crude HR (95%CI)†

P - value

0 28
14 324

122
1330

0.0
1.1

1.0
0.0 (0.0 - 170)

0.5

5 176
10 177

710
753

7.0
1.3

1.0
1.8 (0.6 - 5.5)

0.3

5 152
9 189

629
783

0.8
1.2

1.0
0.7 (0.2 - 1.9)

0.5

1 89
14 263

338
1118

0.3
1.3

1.0
03 (0.03 - 1.9)

0.2

12 239
3 114

997
466

1.2
0.6

1.0
1.9 (0.5 - 6.6)

0.3

* PYO - person-year observation
† HR - hazard ratio, 95%CI - 95% confidence interval
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SUMMARY
SETTING:

The tuberculosis (TB) programme in the Sidama zone of southern Ethiopia.
O B J E C T I V E : To measure excess mortality in successfully
treated TB patients.
D E S I G N : In a retrospective cohort study of TB patients
treated from 1998 to 2006, mortality was used as an
outcome measure, and was calculated per 100 personyears of observation (PYO) from the date of completion
of treatment to date of interview if the patient was alive,
or to date of death. Kaplan-Meier and Cox regression
methods were used to determine the survival and hazard
ratios. An indirect method of standardisation was used
to calculate the standard mortality ratio (SMR).

R E S U LT S : A total of 725 TB patients were followed for
2602 person-years: 91.1% (659/723) were alive and 8.9%
(64/723) had died. The mortality rate was 2.5% per annum. Sex, age and occupation were associated with high
mortality. More deaths occurred in non-farmers (SMR =
9.95, 95%CI 7.17–12.73).
D I S C U S S I O N : The mortality rate was higher in TB patients than in the general population. More deaths occurred in non-farmers, men and the elderly. Further studies are required to identify the causes of death in these
patients.
K E Y W O R D S : tuberculosis; mortality; standard mortality ratio; Ethiopia

THE DECENTRALISATION of the World Health
Organization (WHO) recommended DOTS strategy
has increased the number of successfully treated tuberculosis (TB) patients. TB treatment ensures longterm success by reducing transmission, recurrence (relapse or re-infection) and death.1–5 However, in some
countries, mortality in TB patients has increased,
mainly due to the human immunodeficiency virus
(HIV) epidemic.6,7 TB mortality, as defined by the
WHO, includes the number of TB cases dying during treatment, irrespective of cause, and is obtained
from routine reports. This excludes deaths that occur
among TB patients after treatment completion under DOTS, defaulters and transfers out, and underestimates mortality in TB patients.8 Mortality in successfully treated TB patients could be taken as an
important measure of the efficacy of treatment. However, there is no routine monitoring of TB patients after treatment completion to understand what happens
to them after successful treatment under the DOTS
strategy.
Post-treatment studies conducted among TB patients reported high mortality (24%) after 22 months
of follow-up.9 Mortality was highest among HIVinfected (65%) and multidrug-resistant TB (MDR-TB)
patients (69%; i.e., cases with strains resistant to at

least isoniazid [H] and rifampicin [R]).9–11 High recurrence rates may also increase TB incidence, reduce
treatment success and increase post-treatment mortality or reduce post-treatment survival of successfully treated TB patients.12,13
To our knowledge, no follow-up study has been
conducted in Ethiopia to determine mortality in TB
patients after completion of treatment. The aim of the
present study was to measure mortality in TB patients
after treatment completion under the DOTS strategy.

MATERIALS AND METHODS
Study area and population
The present study was conducted in the Dale and
Wonsho Districts of the Sidama zone of southern
Ethiopia. This is a densely populated agrarian community with a population of 296 811. The farmers cultivate cash crops (coffee and ‘khat’) that non-farmers
depend on for commercial activities. The DOTS strategy was introduced in the study area in 1996.14 Six
health facilities were providing DOTS by trained general health workers, using standard recording and reporting formats. District TB programme coordinators regularly checked the completeness and accuracy
of TB case recording in the unit TB register. The 2007

Correspondence to: Daniel G Datiko, P O Box 1722, Hawassa, Ethiopia. Tel: (+47) 5597 4980. Fax: (+47) 5597 4979.
e-mail: danieljohn42@yahoo.com
Article submitted 15 September 2009. Final version accepted 22 January 2010.

Mortality in treated TB patients in Ethiopia

estimate of mortality among TB patients on treatment
was 92 per 100 000 population per year.3
Study design
This retrospective cohort study was based on TB patients who were registered in the unit TB registers in
the health facilities providing DOTS. TB cases who
completed treatment under the DOTS programme
from 1998 to 2006 were enrolled in the study.
Treatment regimen, duration and outcome
Treatment for smear-positive patients consisted of
8 months of daily supervised streptomycin (S), R,
H and pyrazinamide (Z) for 2 months, followed by
6 months of self-administered ethambutol (E) and H
for adults (2SRHZ/6EH), and 4 months of RH for
children (2SRHZ/4RH). Smear-negative and extrapulmonary TB (EPTB) cases received 2 months of
RHZ followed by 6 months of EH (2RHZ/6EH). The
treatment regimen was the same throughout the study
period. Follow-up sputum examination was performed
at the end of months 2, 5 and 7 of treatment. A smearpositive pulmonary TB (PTB) patient who had a negative sputum smear result in the last month of treatment and on at least one previous occasion (month 2
or 5) was reported as cured. Smear-positive PTB cases
without month 7 smear results, and smear-negative
PTB and EPTB cases who finished the full course of
treatment were declared ‘treatment completed’. TB
cases declared as cured or treatment completed were
reported to be successfully treated under the DOTS
strategy. The treatment success rate is the sum of
the cured and treatment completion rate. A patient
who died for any reason after treatment was recorded
as ‘death’.9
Data collection
A list of TB patients declared cured or treatment
completed from 1998 to 2006 was obtained from the
unit TB registers in the health institutions in the two
districts. From September 2007 to February 2008, information was collected on unit register number, name,
age, sex, address, TB classification, smear result, treatment outcome and the date of interview.
Health extension workers (HEWs, i.e., trained community health workers) were trained to conduct houseto-house visits and collect data. Information was collected on whether or not the TB patient was alive and
had TB symptoms. The date of interview for those
who were alive and the date of death for those who
had died were noted.
Data analysis
Data entry and analysis were performed using SPSS
14 for Windows (Statistical Package for Social Sciences, Chicago, IL, USA). We described the patients
by age, sex, TB classification, marital status and occupation. Mortality was used as an outcome measure.
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Person-years of observation (PYO) were calculated
from the date of treatment completion to date of interview if the patient was alive, or to date of death.
The study outcomes of participants were censored
if they were reported to be alive at the time of
interview.
Event-free survival and the log-rank test for statistical significance were determined using the KaplanMeier method. The Cox regression method was used
to determine the hazard ratio (HR) and 95% confidence intervals (95%CI). P < 0.2 was used as a cutoff point to include the variable in the multivariate
Cox regression model. Mortality was calculated as
the number of deaths/100 PYO. Excess mortality was
calculated by subtracting age- and occupation-specific
mortality in the reference population from mortality
among successfully treated TB patients. P < 0.05 was
considered statistically significant.
To ascertain whether more than the expected number of deaths had occurred among our cohort, we
used the indirect method of standardisation to calculate the standard mortality ratio (SMR).15 As such
reference data for Sidama were not available, we used
the data from the Demographic and Health Survey of
the Butajira Rural Health Programme, an open cohort,16 as the reference to calculate SMR. We believe
that the two areas are comparable as they have similar socio-economic development and are located at
the same altitude. In addition, about 50% of the population has access to health services and the DOTS
strategy was implemented in the same year in the
health centres of the two areas. The SMR was calculated as the ratio of the number of observed deaths
over expected deaths, using age- and occupationspecific mortalities in the reference population.
Ethical clearance
The Ethical Review Committee of the Regional Health
Bureau approved the study. Study participants were
enrolled after providing informed consent. For patients who had died, informed consent was obtained
from the heads of household or next of kin. Patients
with a recent history of cough and other symptoms
suggestive of TB were advised to visit health facilities
for further examination.

RESULTS
A total of 799 TB patients were registered. Five (0.6%)
did not have TB classification, 21 (2.6%) had moved
to other districts and no information was available
for 48 (6.01%) patients. Valid data were obtained for
725 (90.7%) cases, of whom data on current status
(whether they were alive or dead) were not available
for two patients (Figure 1). We found no baseline differences by age, sex, treatment outcome or TB classification between study participants and those for
whom no information was obtained.
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Table 1 Socio-demographic characteristics of successfully
treated TB patients in southern Ethiopia, 1998–2006

Figure 1 Flow chart of TB patient enrolment in the study.
* Survival status unknown for one patient in each of these two
groups. TB = tuberculosis.

Overall, 429 smear-positive PTB, 165 smear-negative
PTB and 131 EPTB cases were studied. Of the 725
patients, 377 (52.1%) were men, 482 (70.6%) were
married, 299 (45.3%) were illiterate and 269 (37.1%)
were farmers; 91.1% (659/723) were alive (Table 1).
Of the 723 patients for whom this information
was available, 64 (8.9%, 95%CI 6.8–10.9) had died.
Of 428 patients with smear-positive PTB, 33 had died
(7.7%, 95%CI 5.2–10.2), 22/164 patients (13.4%,
95%CI 8.2–18.6) with smear-negative PTB and 9/
131 patients (6.9%, 95%CI 2.5–11.2) with EPTB
(Table 1).
The average PYO was 3.59 and the total was 2602.
Mortality per 100 PYO was 2.5% per annum (64/
2602.1; 2.2/100 PYO [33/1504.8] for smear-positives,
3.6/100 PYO [22/606.9] for smear-negatives and 1.9/
100 PYO [9/481.1] for EPTB cases; Tables 2 and 3).
In smear-positive cases, there was no difference in
mortality between new and retreatment cases (log-

Variables

SmearSmearpositive negative
TB
TB
EPTB
Total
(n = 429) (n = 165) (n = 131) (N = 725)
n (%)
n (%)
n (%)
n (%)

Sex
Male
Female
Unknown

221 (51.5)
208 (48.5)
0

Marital status
Single
Married
Divorced/widowed
Unknown
Level of education,
years
Illiterate
1–4
5–8
⩾9
Unknown
Occupation
Student
Farmer
Housewife
Merchant
Others
Current status
Alive
Died
Unknown

93 (56.4) 63 (48.5) 377 (52.1)
72 (43.6) 67 (51.5) 347 (47.9)
0
1
1

100 (24.2) 42 (28.4) 42 (34.4) 184 (26.9)
303 (73.4) 105 (70.9) 74 (60.7) 482 (70.6)
10 (2.4)
1 (0.7)
6 (4.9)
17 (2.5)
16
17
9
42

181 (45.7)
62 (15.7)
130 (32.8)
23 (5.8)
33

68 (46.9)
25 (17.2)
41 (28.3)
11 (7.6)
20

50 (42.0) 299 (45.3)
25 (21.0) 112 (17.0)
37 (31.1) 208 (31.5)
7 (5.9)
41 (6.2)
12
55

70 (16.3)
171 (39.9)
45 (10.5)
21 (4.9)
122 (28.4)

32 (19.4)
61 (36.9)
25 (15.2)
10 (6.1)
37 (22.4)

35 (26.7) 137 (18.9)
37 (28.2) 269 (37.1)
22 (16.8) 92 (12.7)
8 (6.1)
39 (5.4)
29 (22.1) 188 (25.9)

395 (92.3) 142 (86.6) 122 (93.1) 659 (91.1)
33 (7.7)
22 (13.4)
9 (6.9)
64 (8.9)
1
1
0
2

TB = tuberculosis; EPTB = extra-pulmonary TB.

rank P = 0.139). No difference in mortality was observed by type of TB (log-rank P = 0.098).
In univariate analysis, age (HR = 1.05, 95%CI
1.04–1.06) and non-farming occupations (HR =
5.65, 95%CI 3.30–9.67) were associated with increased mortality. Non-farming occupations included

Table 2 Factors predictive of mortality in successfully treated tuberculosis patients in southern Ethiopia, 1998–2006
Death
Variables
Age, years
Sex
Female
Male
Level of education
Illiterate
Literate
Marital status
Never married
Married
Occupation
Farmers
Non farmers
TB classification
Smear-positive PTB
Smear-negative PTB
EPTB

Yes
n

No
n

PYO

Mortality
/100 PYO

Crude HR
(95%CI)

P value

Adjusted HR
(95%CI)

P value

64

657

2586.1

2.5

1.1 (1.0–1.1)

<0.01

1.0 (1.0–1.1)

<0.01

24
40

321
337

1270.8
1320.5

1.9
3.0

1.0
1.6 (0.9–2.7)

0.1

2.2 (1.3–3.9)

0.01

15
11

284
350

1118.5
1289.9

1.3
0.9

1.0
0.6 (0.3–1.4)

0.3

5
23

179
476

632.3
1861.3

0.8
1.2

1.0
1.6 (0.6–4.1)

0.4

19
45

479
180

1838.4
757.2

1.0
5.9

1.0
5.7 (3.3–9.7)

<0.01

6.3 (3.6–11.1)

<0.01

33
22
9

394
142
122

1504.8
606.9
481.1

2.2
3.6
1.9

1.0
1.7 (0.9–2.9)
0.9 (0.4–1.8)

0.1
0.7

1.1 (0.6–1.9)
1.1 (0.5–2.2)

0.8
0.9

PYO = person-year of observation; HR = hazard ratio; CI = confidence interval; TB = tuberculosis; PTB = pulmonary TB; EPTB = extra-pulmonary TB.
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Table 3 Mortality in successfully treated tuberculosis patients in southern Ethiopia, 1998–2006
Observed deaths/ Deaths/year Expected deaths/
year in study
in referent
year in study
population
population*
population

Deaths
n

Total
n

PYO

Age category, years
0–9
10–19
20–29
30–39
40–49
50–59
60–69
70–79
80–89
Total

0
4
12
10
13
11
12
1
0
63†

17
117
263
158
88
46
24
5
1
719

3.1
3.5
3.7
3.7
3.4
3.9
2.9
4.9
2.9
3.6

0.0
1.2
3.3
2.7
3.8
2.9
4.2
0.2
0.0
17.5

14.3
1.8
2.7
4.9
6.6
12.6
23.8
35.5
45.4
5.4

0.2
0.2
0.7
9.8
0.6
0.6
0.6
0.3
0.1
3.9

0.00 (0.00–0.00)
5.63 (0.38–10.87)
4.56 (2.04–7.09)
3.48 (1.36–5.60)
6.50 (3.15–9.84)
4.95 (2.02–7.87)
7.35 (3.76–10.94)
1.16 (–1.40–3.72)
0.00 (0.00–0.00)
4.50 (3.42–5.57)

Occupation
Farmer
Non farmer

19
44

497
222

3.7
3.4

5.1
12.8

5.3
5.8

2.6
1.3

1.97 (1.10–2.84)
9.95 (7.17–12.73)

Variables

SMR (95%CI)

* Mortality in the general Butajira population in southern Ethiopia, 2000–2004.
† One participant was aged 90 years.
PYO = person-year of observation; SMR = standardised mortality ratio; CI = confidence interval.

merchants, former soldiers and government and private sector employees. In Cox regression analysis, age
(P < 0.01), sex (P < 0.01) and occupation (P < 0.01)
were associated with increased mortality (Figure 2,
Table 2).
Overall excess mortality was 13.6/100 PYO, 2.5/
100 PYO for farmers and 11.5/100 PYO for nonfarmers. Our results suggest that more deaths occurred
than expected after treatment of TB patients. The SMR
for all patients was 4.5 (95%CI 3.42–5.57). The
SMR was higher in non-farmers (9.95, 95%CI 7.17–
12.73) than in farmers (1.97, 95%CI 1.10–2.84).

DISCUSSION
One of the targets of the Millennium Development
Goals is to reduce TB mortality.17 However, reliable
data on TB mortality are not available.8,18 This could
be improved by measuring mortality in successfully
treated cases. We report higher mortality in successfully treated TB cases than in the general population.

Figure 2 Kaplan-Meier survival curve showing post-treatment
mortality in tuberculosis patients by occupation in southern
Ethiopia.

In our study, overall mortality was 2.5/100 PYO
(2.5% per annum), which is lower than in other reports from Africa (ranging from 3.1/100 PYO in the
Democratic Republic of Congo [DRC] to 23.7/100
PYO in Malawi). This could be explained by the
lower TB-HIV co-infection rate in our setting (17.5%)
compared to other reports from Africa (ranging from
21% in the DRC to 77% in Malawi).11 The mortality
in our setting was also lower than reports from India
(5.7/100 PYO in rural Velliyur and 6.8/100 PYO in
Chennai City) and Vietnam (6.6/100 PYO).19,20 The
lower prevalence of MDR-TB among new and previously treated cases could explain this difference (respectively 1.6% and 12% in Ethiopia, 2.7% and
17% in India and 2.7% and 19% in Vietnam).17 Although MDR-TB seems to be the least likely explanation in our setting, it should be interpreted with caution in the presence of a reported resistance rate of
7.6% to at least one anti-tuberculosis drug.21
Some population groups are at higher risk of death
due to occupational exposure or lifestyle. In our
study, the risk of excess mortality was six times higher
in non-farmers (including merchants, former soldiers
and government or private sector employees) than
farmers. This could be explained by the high mobility
among these groups, and the high prevalence and increased risk of HIV infection, as these groups were
most affected by HIV and were sources of HIV infection and transmission from urban to rural areas.22
HIV infection in successfully treated non-farmer TB
patients could thus be one of the plausible explanations for the high mortality in our setting. In addition, the risk of excess mortality was twice as high in
males as in females, with the risk increasing with increasing age. This could be because more male TB patients were reported,17,23 which could also result in
more deaths. The higher risk of HIV infection in males
than in females could explain the higher mortality in
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rural communities.22 Moreover, the traditional risktaking role of males, given their role in society, puts
them at higher risk for excess mortality.24 As expected, mortality was higher in the elderly, possibly
due to age-related diminution of immunity, and the
increased magnitude of chronic illnesses such as diabetes and other comorbidities with age.25–27 Casefatality rates among TB patients during treatment at
6 months and at 12 and 20 months after treatment
were reported to be increasing, and more deaths occurred in the elderly and in males.8 The relative lower
mortality in our setting could be because of the lower
prevalence of HIV infection, and the lower burden of
TB and other comorbidities.
Mortality rates in our setting were similar among
smear-positive, smear-negative and EPTB cases, possibly due to similar rates of HIV infection in TB patients.19 This is in contrast to many studies that have
reported higher mortality in smear-negative and EPTB
cases. In such settings, the mortality was higher in TB
patients, mainly due to HIV infection.11
Generally, mortality was higher in TB patients after successful treatment. We report excess mortality
in our study participants over the general population
and an SMR of 4.5, similar to the SMR of 4.2 reported in rural settings of India.26 In our setting, mortality was higher in non-farmers than in farmers for
similar reasons: HIV infection and related opportunistic infections, chronic illnesses such as diabetes and
other comorbidities such as malaria, malignancies
and others. Mortality was lower in our study participants than the reported SMR of 6.1 in urban settings
in India.
Gaps in the performance of the TB programme,
such as inadequate patient follow-up, and the patients’
general condition could lead to increases in mortality
during treatment and put them at higher risk of excess mortality after completion of treatment. Inadequate treatment supervision, mainly during the continuation phase, when treatment is taken unsupervised,
could also reduce treatment adherence and increase
the recurrence rate of TB (recurrence rates as high as
1/100 PYO have been reported in the study area28),
which could contribute to increased mortality. This
could be worse where the importance of treatment
adherence is not well addressed during health education sessions.29
We report mortality in successfully treated TB cases
through home-based follow-up under programme conditions in Ethiopia. No baseline difference was found
between the study participants and those who were
not included in the study, which increases the representativeness of our study and its generalisability to
the study area. However, using the general population may have underestimated the mortality in TB
patients, while failure to ascertain the causes of death
could also have included other causes of death, thus
overestimating mortality. TB cases who die unregis-

tered or undiagnosed by the DOTS programme are
beyond the scope of this study.
In conclusion, post-treatment mortality was higher
in TB patients than in the general population. There is
a need for selective post-treatment follow-up of highrisk groups that could be identified at the start of
treatment. Post-treatment mortality could be used as
additional evidence of case fatality (obtained through
routine reports) to better understand mortality in TB
patients. Further studies are needed to ascertain the
causes of death in TB patients.
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RÉSUMÉ

Le Programme de tuberculose (TB) dans la
zone Sidama du sud de l’Ethiopie.
O B J E C T I F : Mesurer l’excès de mortalité chez les patients TB traités avec succès.
S C H É M A : Dans une étude rétrospective de cohorte sur
les patients TB traités entre 1998 et 2006, la mortalité a
constitué la mesure de résultats, calculé par 100 annéespersonne d’observation (PYO) à partir de la date d’achèvement du traitement jusqu’à la date de l’entretien, si le patient était en vie, ou jusqu’à la date du décès. On a utilisé
les méthodes de Kaplan-Meier et de régression de Cox
pour déterminer la survie et le ratio de risque. On a utilisé la méthode indirecte de standardisation pour le calcul d’un ratio standard de mortalité (SMR).
CONTEXTE :

Un total de 725 patients TB ont été suivis
pendant 2602 années-personne. Etaient en vie 91,1%
(659/723) alors que 8,9% étaient décédés (64/723). La
mortalité a été de 2,5% par an. Sont en association avec
une mortalité élevée le sexe, l’âge et la profession. Le
nombre de décès est plus élevé chez les non-fermiers
(SMR = 9,95 ; IC95% 7,17–12,73).
D I S C U S S I O N : La mortalité est élevée chez les patients
TB par comparaison avec la population générale. Les
décès sont plus fréquents chez les non-fermiers, chez les
hommes et chez les sujets âgés. Des études complémentaires s’imposent pour identifier les causes de décès chez
ces patients.
R É S U LTAT S :

RESUMEN

El programa contra la tuberculosis (TB) en la región de Sidama, al sur de Etiopía.
O B J E T I V O : Medir el exceso de mortalidad en los pacientes que recibieron un tratamiento exitoso contra la TB.
M É T O D O : Se llevó a cabo un estudio retrospectivo de
cohortes de los pacientes tuberculosos tratados entre
1998 y 2006. El criterio de valoración fue la mortalidad
que se calculó en años-persona de observación (PYO)
por 100, a partir de los datos de compleción del tratamiento hasta la fecha de la entrevista cuando el paciente
estaba vivo o hasta la fecha de la defunción. Con el fin
de determinar la supervivencia y el cociente de riesgos
instantáneos se aplicaron el método de Kaplan-Meier y
el modelo de regresión de Cox. La razón estandarizada
de la mortalidad (SMR) se calculó usando un método
indirecto de normalización.
MARCO DE REFERENCIA:

Se practicó el seguimiento de 725 pacientes tuberculosos por 2602 PYO. El 91,1% de los pacientes (659/723) estaba vivo y el 8,9% (64/723) había
fallecido. La mortalidad anual fue 2,5%. Los factores
asociados con una alta mortalidad fueron el sexo, la
edad y la ocupación. Ocurrieron más defunciones en las
personas que no eran agricultores (SMR = 9,95; IC95%
7,17–12,73).
C O N C L U S I Ó N : Se observó una alta mortalidad en los
pacientes tuberculosos, comparados con la población
general. La mortalidad fue mayor en los pacientes que
no eran agricultores, en los hombres y en los ancianos.
Se precisan nuevos estudios con el fin de determinar las
causas de defunción en estos pacientes.
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