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ABBREVIATIONS AND ACRONYMS 

 

ACH Air changes per hour 

DOTS Directly observed treatment, short course 
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IC Infection control 

IPC Infection prevention and control 

IPT Isoniazid preventive therapy 
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BACKGROUND 

Despite availability of effective prevention and treatment, tuberculosis (TB) remains a major global health 

problem. About a third of the world’s population is estimated to be infected with tubercle bacilli, and thus 

at risk of developing TB. The HIV epidemic has fueled a major increase in the prevalence of TB, with sub-

Saharan Africa bearing the brunt of both epidemics. TB is the second leading cause of death from 

infectious diseases worldwide (1) 

According to World Health Organization (WHO) estimates, Ethiopia ranks tenth among the 22 high-TB 

burden countries worldwide, and third in Africa.2 The 2014 WHO report estimated overall TB prevalence 

at 211per 100,000 people.3 The 2011 Ethiopian National TB Prevalence Survey gave the prevalence of 

smear-positive TB as 63 per 100,000, and of all forms as 240 per 100,000 . Ethiopia is also listed among 

the 27 countries with high levels of multidrug-resistant TB (MDR-TB)(2). According to an anti-TB drug 

resistance study conducted by the Federal Ministry of Health (FMOH) and the former Ethiopian Health 

and Nutritional Research Institute (EHNRI) in 2005, 1.6% of newly diagnosed TB patients, and 11.8% of 

previously treated patients, was found to be infected with MDR-TB.4 

The University of Gondar Hospital (UoGH) is a 500-bed tertiary referral hospital located in northwestern 

Ethiopia, in the regional state of Amhara. UoGH serves a catchment area of approximately six million 

people, and is a referral center for four hospitals and several health centers. 

Hospital statistics show that 709 patients were diagnosed with TB at UoGH in the fiscal year 2004 

Ethiopian Calender. Of these, 165 (23 %) were children under 15 years of age. 

Situational Analysis 
In April 2010, I-TECH conducted a TB prevention and control situational analysis at 46 facilities.6 This 

analysis showed significant deficiencies in TB prevention practices across I-TECH-supported facilities, 

including UoGH. Only three of the 46 facilities had any kind of TB infection control (IC) measures in place. 

Both the analysis and observation by I-TECH clinical mentors confirmed that UoGH was not employing 

basic TB prevention practices. The hospital had no separate TB ward; patients with active pulmonary TB 

were placed in medical wards with other patients. There was no written TB infection control plan. There 

were no procedures for opening windows, or performing triage on coughing patients in crowded waiting 

areas. Promotion of early diagnosis and treatment of clients presenting with cough was very poor, with 

clients often remaining in crowded waiting areas with other patients for more than two hours before 

being seen by a clinician. These findings indicated a need for major TB IC interventions. 
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TUBERCULOSIS INFECTION CONTROL (TB IC) 

Most TB programs in Ethiopia focus on treatment using the directly observed treatment, short-course 

(DOTS) strategy; preventive measures are not implemented. There was no systematic strategy for TB 

infection control (TB IC) in place at health facilities, even though the FMOH had updated its TB IC 

guidelines in 2009. 

Prevention of TB transmission involves early identification, diagnosis, and treatment, followed by 

immediate isolation of the TB patient, with the goal of reducing the risk of transmission to others. These 

TB IC measures are categorized into four clearly designated hierarchical strategies:7 

1. Managerial – A comprehensive approach that addresses planning, monitoring, mobilization of 

human resources, operational research, budget allocation, and capacity building. 

2. Administrative – The purpose of administrative strategy is source control. This includes triage, 

assignment to dedicated clinics for fast-track clinical screening, immediate laboratory testing, 

and diagnosis. These measures lessen potential exposure to TB bacilli. 

3. Environmental – The goal of this approach is to improve ventilation, and kill TB bacilli. This 

includes open-space waiting areas, wards with cross-ventilation, use of vents, access to sunlight, 

and infrared lights.  

4. Personal – N95 face masks are provided to health care workers, who are required to wear them 

while providing care to clients or processing infectious samples. 

Introducing TB IC Best Practices at University of Gondar Hospital 
UoGH is the flagship referral and teaching hospital in Ethiopia’s I-TECH-supported regions (Afar, Amhara, 

Tigray), serving a catchment area with a population of six million. One of the premier medical colleges in 

the country, UoGH trains several cadres of health workers, including medical doctors, nurses, health 

officers, environmental scientists, and medical laboratory technicians. As the preeminent teaching 

hospital in I-TECH-supported regions, UoGH is the natural choice for piloting and launching new initiatives. 

The current UoGH buildings were constructed in the 1930s, and were not meant for use as hospital 

facilities. The usual practice at UoGH was to admit clients with TB to two open medical wards, with 30 

beds each. Each of these wards had a “TB corner,” where several TB clients would be placed; the other 

parts of the ward were used for other clients. These wards were crowded, and poorly ventilated, with 

windows often kept closed; neither clients nor staff observed respiratory precautions. Most of the clients 

in the medical wards were immunosuppressed—many had AIDS—and thus highly susceptible to TB. It was 

fertile ground for TB transmission. 

Isolating patients with TB was not considered—not even by senior clinicians. This practice of admitting TB 

patients to the general medical wards was so entrenched that clinicians accepted it as normal procedure. 

This was partly due to lack of training/awareness, and low perception of risk, as well as to hospital 

infrastructure.  

The hospital did not conduct annual screening of health care workers and students for TB, nor did it keep 

records of hospital-acquired TB cases, despite anecdotal reports of TB and MDR-TB diagnoses. A typical 
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example is that of the final-year medical student and a health officer who were among the first cohort of 

MDR-TB clients referred to St. Peter’s Tuberculosis Specialized Hospital for treatment. Even these serious 

cases of hospital-acquired TB did not bring about changes in hospital practices. 

 

Figure 1. A typical medical ward. 

Isolation of patients with infectious diseases is one of the major principles of modern medicine, as well as 

a globally accepted standard of care—airborne transmittable diseases with high morbidity and mortality, 

such as TB, are given priority. However, this was not practiced at UoGH. A teaching hospital must practice 

TB IC not only to protect staff and clients, but also to teach its students the proper standards of care. 

Graduates of the university, including medical doctors, nurses, and health officers, were not introduced 

to standard TB IC practices, and thus were likely to continue practicing medicine the same way in their 

new jobs. Therefore, implementing standards for TB IC at UoGH was a critical step towards instilling TB IC 

behaviors in a large community of health workers and students in Ethiopia. It was also a fast and easy way 

of disseminating TB IC practices to other I-TECH supported sites. 
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RESPONSE BY I-TECH (INTERVENTIONS) 

The implementation of TB IC practices, however, is very complex; a wide range of activities is involved—

among them improvements in administration, infrastructure, and training, as well as changes in 

entrenched behaviors and practices. This was a tall order, requiring radical intervention. 

Recognizing that TB IC is a high priority, experts from I-TECH, working closely with UoGH staff, devised 

and implemented a comprehensive set of interventions: 

¶ Renovation of the TB isolation and treatment ward. 

¶ New furniture and equipment for TB ward. 

¶ Training in TB IC, and proper management of the MDR-TB treatment program. 

¶ Support for TB symposia to address TB-related topics: treatment, infection control, MDR-TB, 

diagnostics, and prevention. 

¶ Better support for the infection control committee. 

¶ MDR-TB program support: case detection, diagnosis (sample transport, strengthening regional 

labs), and review of treatment programs. 

¶ Improvement of ventilation in the TB clinic. 

¶ Introduction of environmental control procedures (e.g., opening windows). 

¶ Introduction of administrative control procedures (e.g., triage, isolation of TB clients from 

common waiting areas). 

Renovation of the TB Isolation and Treatment Ward 
The most important step was to address the structural barriers to creating a TB ward that meets standards 

of care. In consultation with UoGH and TB IC experts from FMOH and the Tuberculosis Control Assistance 

Program, I-TECH sent a designated engineer (an I-TECH employee) to the Harvard School of Public Health 

for short-term training on the design of TB units. Thereafter, with the goal of bringing the importance of 

TB IC to the attention of clients, health workers, students, and managers, I-TECH Ethiopia, at significant 

cost, renovated, equipped, and furnished a TB/MDR-TB isolation ward that would meet international TB 

IC standards. This strategic renovation was most likely the spark that jump-started the TB IC program. 

The renovated TB ward has 28 beds with good illumination, and excellent ventilation and air circulation. 

There are four rooms with six beds in each; four single-bed rooms, each with its own toilet and shower, 

for MDR-TB cases; two staff offices; one duty room; eight toilets and shower rooms; two drug stores; and 

two equipment stores. Client rooms were designed to have good cross-ventilation: the bottom parts of 

all exterior doors are louvered or fenestrated, to ensure flow of air into the rooms at night, when the 

doors are closed. There are large screened windows (with a window-to-wall ratio of > 20%) front and back 

to ensure cross ventilation, as well as a veranda wide enough for adequate natural ventilation. The outside 

environment is attractive, inviting ambulatory patients to spend time outside. The facility has been in use 

since its inauguration in April 2010. 
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Air Change Per Hour (ACH) Assessment 

The basis for environmental control of TB IC (ventilation) is the air change rate in each room, which varies 

according to the size of the room, and the location and number of windows and doors. 

One example of the air change per hour (ACH) assessment of the renovated rooms: 

The room has five windows each, with a height of 1.25 m and width of 0.7 m, making the total window 

area of the room 4.374 sq. m. The area of the door is 2.64 sq. m (1.2 m by 2.2 m). Thus, the total area of 

the openings in the room is 7.015 sq. m. The total size of the room (height 3.2 m X length 7 m X width 5.7 

m) is 127.68 cu. m. The average wind speed, as measured from multiple sites at the windows and door, 

was 0.6 m/s. taking into account that half of the openings (windows and door) are used for air entry (3.51 

sq. m), and the other half for exit (cross-ventilation), a total of 3.51 X 0.6 = 2.1 cu. m of air circulates every 

second. This means that 127.68 cu. m of air in the room is replaced by new air every minute, for an ACH 

of 60. This exceeds the accepted standard of 12, which is said to remove 99% of particulates in a room. 

In practical terms, this means that the air in the room is refreshed every minute due to circulation, thus 

minimizing the risk of infection to health workers visiting the room, creating a safe working environment.  

 

Figure 2. The TB isolation and treatment ward renovated by I-TECH. 
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Figure 3. A. Wide windows on the parallel walls of the rooms, allowing for cross-ventilation. 
B. Windows that open upwards, helping to avoid subjecting clients to direct breezes. 

 

Figure 4. A. Well-ventilated open space for TB patients. 
B. Wide corridor to enable patients to sit and walk outside their rooms for sunlight. 

Training 
To build up the capacity of UoGH staff, and the health care workers in the hospital’s catchment area, I-

TECH provided in-service and pre-service training in MDR-TB management, TB IC, and TB/HIV to 

multidisciplinary groups of health professionals, including physicians, health officers, nurses, and 

pharmacists, at different levels of care. The training included management of drug-resistant TB, TB/HIV, 

and TB IC. 

I-TECH Ethiopia sponsored the new MDR-TB staff for a training and observation visit at St. Peter’s 

Tuberculosis Specialized Hospital, the only MDR-TB treatment facility in Ethiopia at the time. The training 

has significantly improved MDR-TB treatment, starting at UoGH. It has improved awareness of the 

importance of case detection, treatment follow up, and improving adherence to treatment.  

A B 

A B 
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The TB IC principles were disseminated to other health facilities within the catchment area by bringing 

together health care workers from the various facilities to share their experiences and improve 

communication. This has helped improve client referrals to other facilities—very important for MDR-TB 

patients, who frequently travel between UoGH, where treatment is initiated, and the health centers and 

district hospitals they go to for follow-up care and treatment.  

Table 1. Numbers of staff trained in different aspects of the TB program. 

Type of Training Number of Staff  

MDR-TB Management 29 

MDR-TB Program Management 31 

Pre-Service TB/HIV 13 

In-Service TB/HIV 9 

TB IC 26 

Training of Trainers on TB IC 20 

Infection Control Committee 
The importance of a functioning IC committee cannot be overemphasized. With this in mind, the FMOH 

developed a set of IC guidelines in 2009 (although the guidelines were not implemented at UoGH)8 An 

infection prevention and control (IPC) committee provides a forum for multidisciplinary input and 

cooperation from a wide range of relevant programs—management, administrative, clinical, supply-

chain, pharmacy, housekeeping, and training services. 

I-TECH arranged for a senior University of Washington (UW) student to do a TB IC thesis project at UoGH. 

This three-month rotation focused on establishing a functional infection control committee at UoGH, a 

critical gap identified by the I-TECH situational analysis. The objectives of the project were to establish a 

functional IPC committee, facilitate the development of a TB IC plan, and initiate the implementation of 

that plan at UoGH.9 

Technical support for the project was provided by UW faculty, including I-TECH Ethiopia’s clinical director, 

who served as instructor/advisor to the student. 

Dissemination and Advocacy: TB IC Symposium 
At the inaugural ceremony for the renovated UoGH TB isolation and treatment ward (April 2010), I-TECH 

conducted a symposium on TB IC and MDR-TB management. It heralded the arrival of UoGH as Ethiopia’s 

second MDR-TB treatment center, after St. Peter’s Tuberculosis Specialized Hospital in Addis Ababa. 

About 400 participants—including leaders from the FMOH and regional health bureaus, TB experts, UoGH 

health care providers, interns, I-TECH staff, and representatives of partner organizations—attended 

presentations and panel discussions addressing the different aspects of TB, MDR-TB, and laboratory 

capacity building. 
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Figure 5. TB IC symposium. 

I-TECH was also one of the sponsors of the annual conference held at the UoG by Ethiopia’s TB Research 

Advisory Committee. This conference brought together stakeholders (public and non-governmental 

organizations) to discuss and share their experiences working with TB, advancing the TB IC agenda. 

Following the conference, participants walked the main streets of the town of Gondar, distributing 

pamphlets and raising community awareness about TB.  

University of Gondar Hospital MDR-TB Program  
The renovation of the TB ward provided the foundation for the FMOH to establish the MDR-TB treatment 

program at UoGH, making the newly renovated ward the second MDR-TB ward in Ethiopia. Instrumental 

in this process was I-TECH support, which included building a state-of-the-art TB ward; providing staff 

training by sponsoring an observational visit to St. Peter’s TB Specialized Hospital in Addis Ababa, and 

training health care workers from UoGH and its catchment area; and supporting transport of sputum 

samples to the EPHI laboratory in Addis Ababa. 

TB Diagnostic Laboratory at the Amhara Regional Research Laboratory 
Identification of MDR-TB is dependent on the availability of a good microbiology laboratory that is capable 

of performing mycobacterial culture and sensitivity testing. I-TECH equipped and furnished the Amhara 

Regional Research Laboratory to meet the safety standards required to perform these tests. As a result, 

UoGH no longer has to ship sputum specimens 700 km away to Addis Ababa, since the service is now 

available just 100 km away, in Bahir Dar. 



12 

RESULTS  

Safe TB and MDR-TB Treatment 
Establishment of a dedicated TB ward at UoGH was a breakthrough development, influencing the 

attitudes and practices of health care managers and clinicians at UoGH and beyond. 

TB patients are now managed in a separate TB treatment and isolation ward.  

An MDR-TB treatment program was established at UoGH. The TB ward there became Ethiopia’s second 

center for the treatment of MDR-TB, after St. Peter’s TB Specialized Hospital in Addis Ababa. 

A functional multidisciplinary IPC committee was established; an IPC focal person and a committee 

chairperson were appointed. 

TB IPC Committee Terms of Reference 
The TB IPC committee Terms of Reference were updated, using a 2003 Terms of Reference document as 

its basis. The Terms of Reference document describes the purpose and structure of the committee, and 

defines the task and scope of the committee, as well as the roles and responsibilities of stakeholders.9 

IPC Action Plan 
The IPC Committee, in collaboration with I-TECH Ethiopia and the visiting UW student, produced the IPC 

Action Plan.9 

Dissemination and Expansion of the TB IC Program Model 
The establishment of the MDR-TB treatment program at UoGH brought about several changes. In addition 

to enabling treatment of MDR-TB clients, linkages (referrals) between the facilities where clients begin 

treatment and the ones they go to for follow-up care and treatment have facilitated the dissemination of 

the MDR-TB and TB IC programs to other health care facilities in UoGH’s catchment area. The treatment 

center at UoGH has thus served as a model for expanding MDR-TB treatment to other parts of Ethiopia. 

Through this program, medical, nursing, and health officer students, as well as all other health 

professionals graduating from UoG, gain valuable experience in dealing with TB treatment, prevention, 

and infection control.  

The TB IC model has already been expanded to other sites. TB isolation wards at Mekelle, Boru Meda, and 

Debre Markos have been renovated, and almost all I-TECH-supported facilities now separate TB clients 

from other clients. Partner organizations also have benefited from the experience, performing 

renovations and providing infrastructure support in other regions of the country. A good example of this 

is the renovation of the MDR-TB ward at the ALERT hospital by TB CARE.  

TB Infection Prevention  
I-TECH has played important role in all aspects of TB IC, particularly with respect to implementation of the 

three I’s—infection control, early identification of TB cases, and isoniazid preventive therapy (IPT)—at 

UoGH:   
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Triage 

At the initial entry point, clients who present with coughing are screened for TB; those suspected of having 

the disease are fast-tracked to the TB clinic—thereby decreasing exposure to health care workers and 

other clients.  

Cough Etiquette 

Clients are advised to cover their mouth and nose when coughing. Surgical masks are provided to TB 

clients specifically for use in the TB wards and crowded areas. 

Personal Protective Devices 

N95 masks are used by health care providers working in the TB ward and other highly contagious areas, 

as well as by the lab technicians performing sputum analysis. 

Improving the DOTS Clinic  

Ventilation and air circulation in the outpatient TB (DOTS) clinic were insufficient for proper TB IC. This 

was corrected by creating awareness of the importance of TB IC among staff, educating the staff on TB IC-

related procedures, and improving cross-ventilation in the TB ward. Eventually, in collaboration with other 

partners, a new facility that incorporated TB screening, lab testing, and a DOTS clinic was established, 

helping to improve client flow and quality of care. 

Isoniazid Preventive Therapy (IPT) for Clients with HIV  

This has generally been the least-practiced TB IC measure in Ethiopia, due to hesitation on the part of 

doctors, and concerns about shortages of the drug. A workshop was conducted at UoGH to provide 

training so that clinicians will act more confidently in prescribing IPT for clients with HIV. 

Incidence of Hospital-Acquired Infection 

About 700 to 800 TB cases are diagnosed at UoGH each year. A number of health care workers and 

students are also diagnosed with the disease. As there is no separate data available for this group of 

clients, it was difficult to obtain quantitative data on changes before and after the implementation of the 

TB IC program and introduction of the TB isolation ward. However, in the last four and half years of the 

MDR-TB program, none of the staff in the TB isolation ward, where the highest concentrations of 

infectious TB are found, have acquired TB. This suggests that the isolation ward is very effective in 

preventing further infection. 

Increased Access to MDR-TB Services  

The MDR-TB program at Gondar has made treatment accessible to not only the UoGH catchment area, 

but to the whole of northern Ethiopia as well. Clients from distances of over 300 km have been registered 

and treated at UoGH. This has made transportation of these contagious clients to Addis Ababa, where the 

only treatment center used to be, no longer necessary. 

Since the opening of the TB isolation ward at UoGH, a total of 235 clients (144 male, 91 female) have been 

started on treatment for MDR-TB at the center. Of these clients, 53 (22.6%) were also HIV-positive. To 

date, 95 clients have successfully completed treatment; 99 are still in treatment. Twenty four (24) clients 

have died, and 17 have been lost to follow up.  
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Table 2. Status of clients treated at the renovated UoGH TB isolation ward over the last four years. 

Treatment Status  Number of Clients 
(% of total) 

Cured 76 (32.3) 

Completed  19 (8.1) 

Died 24 (10.2) 

Defaulters (Lost to follow up) 17 (7.2) 

HIV coinfected 53 (22.6) 

In treatment and follow up 99 (42.1) 

Total 235 

MDR-TB diagnostic Services at Bahir Dar  

The level III TB diagnostic laboratory at Bahir Dar now provides TB culture and sensitivity testing services 

for UoGH and other facilities in the Amhara region, so sputum samples no longer have to be sent 750 km 

away to Addis Ababa. 
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DISCUSSION AND LESSONS LEARNED  

The comprehensive support provided to UoGH by I-TECH has improved the quality of TB treatment and 

prevention. Fundamental changes in the attitudes, behaviors, and practices of health care workers 

towards TB IC have been achieved within a short period of time. The biggest contribution was the 

renovation of facilities, which enabled the establishment of TB IC practice standards for clients, medical 

students, and health care workers. Also contributing were workshops, mentorships, and symposia to 

create better awareness of TB IC practices. In addition, regional laboratory support, training of other 

health workers in the catchment area, and symposia bringing together TB program stakeholders have 

helped expand the model implemented at UoGH to other sites. 

The changes enabled UoGH to isolate clients with the more contagious forms of TB, and treat them in a 

well-ventilated ward. In the last four years, not one health care provider working in the TB isolation and 

treatment center has come down with TB. This suggests that great improvements in TB IC have made, 

even though data about hospital-acquired TB prior to implementation of these changes are not available. 

Renovation of TB treatment wards and outpatient facilities is now being done throughout Ethiopia. 

Together with infrastructure renovation, TB IC has become a big agenda. Health workers are being trained 

in TB IC methods, and are motivated to implement the strategies in their practices.  

Interventions introduced at the 46 I-TECH-supported facilities to address gaps identified in the situational 

analysis have been effective. Environmental control is an especially important component of TB IC for 

health care facilities. The record shows the subsequent changes brought about in TB treatment and testing 

services and infection control. The analysis triggered the start of the MDR-TB program, which covers a 

wide catchment area, and has facilitated expansion of this practice to other parts of the country.  

Most of the health facilities in Ethiopia were constructed without taking TB IC into account. The FMoH 

and partner organizations need to take into consideration the importance of controlling TB and other 

respiratory illnesses when it comes to health facility infrastructure. The lessons learned here should be 

maintained and expanded. 

The TB IC practices started at UoGH have to be maintained, and training and awareness continued, to 

ensure their sustainability. Focused implementation of TB IC significantly decreases transmission of TB. 

Emphasis must be placed on early detection and treatment of the disease. 

This initiative has succeeded because it is relevant, need-based, well coordinated, and comprehensive. 

Without the bold and costly measures—strategic renovations, human and institutional capacity building, 

providing necessary equipment and supplies, and advocacy—taken initially, the gains made in TB IC might 

not have happened. The work done at UoGH to implement TB treatment and prevention has elevated the 

quality of TB IC, TB treatment, and MDR-TB management at all I-TECH supported sites. It is indeed a 

success story worth studying. 
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CHALLENGES 

¶ The startup costs for separate TB wards may be difficult for smaller facilities to cover. 

¶ Despite impressive successes in TB IC and MDR-TB treatment at UoGH, there is still more to be 

done. 

¶ Since the TB ward is being used for both isolation of TB patients and MDR-TB care, there is often 

a lack of space at peak admission times. 

¶ With regard to monitoring and evaluation, the previous TB register was not able to capture 

adequate information about referrals for MDR-TB care. 

¶ The network between the TB ward and TB culture laboratories, as well as with follow-up health 

centers, is still in need of improvement. Transportation of samples remains a logistical challenge, 

since TB culture and sensitivity testing is still not available at UoGH. 

¶ Gaps in communication among the TB ward, follow-up health centers, and the regional lab with 

respect to client care and verification of diagnostic test results continues to be a problem. 

¶ There is some resistance among staff to working in this unit, because of heightened concerns 

about contracting MDR-TB.  

¶ Health worker TB screening and HIV counseling and testing are not being practiced at both the 

facility and TB ward levels. 

¶ Staff attrition and turnover continues to be a major challenge for almost all heath facilities in 

Ethiopia. 

¶ The IPC committee, though functional, has not always met, or followed the IPC Action Plan. 
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