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aBSTracT

Background
Occupational TB in hospital-based healthcare workers is reported regularly, but TB in 
community-based healthcare researchers has not often been addressed. This study 
investigates TB incidence in healthcare researchers in a high TB and HIV prevalent 
setting in the Western Cape, South Africa. The healthcare researchers are employed at 
the Desmond Tutu TB Centre, Stellenbosch University. 

Methods
A retrospective analysis was done on routine information concerning employees at 
the Desmond Tutu TB Centre. The Centre has office-based and community-based 
employees. 

Findings
180 researchers were included in the analysis. 11 TB cases were identified over 
250.4 person–years of follow-up. All cases were identified among community-based 
researchers. The TB incidence was 4.39 per 100 person-years (95% CI 2.45-7.93). The 
Standardised TB Morbidity Ratio was 2.47 (95% CI 1.25-4.32), which exceeded the 
standard population rate by 147%.

Interpretation
The TB-incidence in South Africa was 948 per 100 000 people/year in 20071. The TB-
incidence in the communities where the researchers worked was 1 875 per 100 000/
year. Community-based researchers of the study population have a 2.34 times higher 
TB incidence than the community. It is the responsibility of principal investigators to 
implement occupational health and infection control guidelines to protect researchers.
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inTroducTion
There have been a number of recent reports concerning tuberculosis (TB) in healthcare 
workers. Occupational TB is of particular concern in resource-poor, high HIV-prevalent 
settings where TB in healthcare workers has traditionally received less attention (1). The 
TB-incidence in South Africa was 948 per 100 000 people/year in 2007 (2). An outbreak 
of extensively drug-resistant tuberculosis (XDR-TB) was reported from Kwazulu-Natal 
in South Africa in November 2006: two healthcare workers and probably four others 
died from XDR-TB (3). Although Kwazulu-Natal is far removed from the Western Cape 
where this study was based, the report not only focused attention on the importance 
of infection control, but also on nosocomial transmission to healthcare workers. The 
Western Cape has the second highest TB incidence in South Africa, secondary only to 
Kwazulu-Natal which had an incidence of 1094/100 000 in 2007 (4). The TB-incidence 
in the Western Cape was 1006/100 000 in 2007.

To decrease risk of infection and disease, improved infection control measures are 
urgently needed worldwide, and especially in low and middle-income countries 
accounting for >90% of the global TB-burden where low-cost infection control strategies 
are rarely implemented (5,6). Published studies focus on healthcare workers working in 
hospitals or primary healthcare facilities. Community-based healthcare workers have not 
been investigated for occupational TB, although rural community healthcare workers 
providing education and awareness regarding TB are playing an increasing role in the 
control of TB (7). Community-based healthcare researchers are also not mentioned. 

The Desmond Tutu TB Centre (Stellenbosch University) employs healthcare researchers 
doing research in tuberculosis in the high-burden province of the Western Cape, South 
Africa. This is an area where neonatal BCG vaccination has been routinely used since 
1973. The Centre’s occupational health policy at the time of the study included the 
screening of all staff on employment with a chest x-ray and a single Mantoux tuberculin 
skin test. QuantiFERON was not considered to rule out atypical mycobacteria. Staff 
members were encouraged to know their HIV-status and to submit sputum specimens 
for bacteriological examination at their local healthcare facilities if coughing for 
more than three weeks. Regular training was done on TB and HIV, emphasizing the 
importance of isoniazid preventive therapy for HIV-infected individuals with a positive 
Mantoux skin test working in a high-risk TB setting.

aiM
The study aimed to calculate the incidence of TB and the standardised TB morbidity 
ratio for community- and office-based healthcare researchers and thereby add as an 
additional cadre, community-based healthcare researchers to the investigation for 
occupational TB. 
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METhodoloGY

Setting
The Desmond Tutu TB Centre is situated at the Faculty of Medicine and Health Sciences, 
Stellenbosch University, South Africa. Numerous research studies and projects are 
conducted by the Centre in nineteen of the surrounding townships and communities. 

Population
The Centre employs office-based and community-based staff. The community-based 
staff predominantly lives in the communities where they work. All community-based 
staff has contact with TB-patients on a daily basis: at diagnosis and during directly 
observed therapy at the healthcare facility, and when doing home based follow-up 
visits for patients on treatment. Male and female community-based researchers have 
the same job description and tasks.

Design
All staff members (n= 180) who were in the employ of the Centre for the period May 
1, 2005 until December 31, 2007 were included in the analysis. Individuals contributed 
time-at-risk as long as they were employed at the Centre during this period and exited 
the cohort before 31st December 2007 if they were identified as a TB-case or they 
were no longer employed at the Centre. A TB-case was defined as a person put on 
TB-treatment by the National TB Programme who was reported as an occupational 
TB-case. Smear negative cases were diagnosed according to the South African 
National TB treatment guidelines (8) which indicate that in smear negative suspects 
the clinical picture and chest x-ray should be evaluated by a medical doctor to confirm 
pulmonary TB. Smear negative suspects who do not respond to a course of broad-
spectrum antibiotics should be started on TB-treatment. If a third sputum sample is 
smear positive or culture positive, the suspect should be started on TB-treatment. If 
the smear is negative and the culture result pending, the client should be treated if his 
x-ray and clinical picture is indicative of TB. Waiting for culture results should not delay 
the initiation of therapy. According to WHO guidelines (9) a smear or culture positive 
patient is cured when the sputum smear or culture is negative in the last month of 
treatment and on at least one previous occasion. Treatment outcome is assessed as 
‘completed’ when no negative smear or culture results is available in the last month of 
treatment and on at least one previous occasion, although the patient took the total 
amount of treatment prescribed. Two members of staff who had an abnormal chest 
X-ray at the time of their first employment and subsequently became TB-cases were 
considered prevalent cases and excluded from the analysis. 
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Analysis
Routine, anonymised TB Programme and Human Resources data were collected 
and retrospectively collated in order to calculate Centre specific TB estimates. The 
incidence of TB was calculated as the total number of Centre staff who were newly 
identified TB cases, in the specified period of time, over the total person-years that all 
staff contributed to the cohort. For the calculation of the standardised TB morbidity 
ratio the indirect method of adjustment was used to compare the observed to the 
expected age and gender stratum specific Centre rates of TB. Age was calculated as 
age at appointment, or May 1, 2005 whichever occurred last. Due to the relatively small 
number of observed Centre TB cases the continuity correction for the significance test 
of the standardised TB morbidity ratio was used (10). The exact confidence interval 
of the ratio was calculated assuming binomial distribution (11). Data from the 2001 
census and 2006 TB notification rates of the ten communities in which Centre staff 
worked were used to define the standard population. 

Ethics
Permission to do the retrospective analysis was gained from the Stellenbosch 
University Faculty of Health Sciences Human Research Ethics Committee (project 
number: N04/10/173 – Amendment 8).

rESulTS
Sputum smear results, Mantoux TST results, HIV status and treatment outcomes are 
represented in Table 1. A cut-off of 10mm induration was used to indicate a positive 
Mantoux test. Drug resistance data were not available. Eleven TB cases were identified 
over 250.4 person-years. All the cases had pulmonary TB. Five of the cases were smear 
negative or unable to produce sputum. Six of the eleven cases completed their 
treatment and five of the cases were cured. Seven of the eleven cases had an unknown 
HIV-status. One of the smear negative cases had a positive culture result. The other 
smear negative cases were diagnosed according to the South African National TB 
treatment guidelines (8).

Table 2 contains gender and age categories for office-based and community-based 
researchers. The observed TB cases were all female and community-based healthcare 
researchers. Among community-based researchers, 11 of 66 females (17%) were 
diagnosed with active TB, versus 0 of 26 males (0%). The standard population of the 
communities used to calculate the standardised TB morbidity ratio amounted to 
343 197 (table 2). There were 6436 TB-cases diagnosed within the standard population. 
The standard population TB-incidence rate was 1.875 per 100 person-years. The 
calculated TB incidence rate in the study community was 4.39 per 100 person-years 
(95% CI 2.43-7.93). The calculated standardised TB morbidity ratio was 2.47 (95% CI 
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Table 1: Desmond Tutu Tuberculosis Centre (DTTC) incident cases

Mantoux 
(at Start 
date) mm

Smear result* Site of 
disease

hiv outcome

1 23 3+ Pulmonary Unknown Treatment completed

2 13.2 2+ Pulmonary Positive Cured

3 14.5 Negativeα Pulmonary Negative Treatment completed

4 17 Unable to produceα Pulmonary Negative Treatment completed

5 7 Unable to produceα Pulmonary Unknown Treatment completed

6 31.5 Negativeα Pulmonary Unknown Treatment completed

7 21 Negativeβ Pulmonary Unknown Treatment completed

8 9.4 Scanty Pulmonary Unknown Cured

9 19.8 2+ Pulmonary Unknown Cured

10 8.9 3+ Pulmonary Positive Cured

11 0 1+ Pulmonary Unknown Cured

*The highest smear result from the two baseline samples is reported.

αThese employees were diagnosed on clinical examination and chest x-ray by a physician according to the South 

African National TB programme.

βThis sample was culture positive.

Table 2: Standard and DTTC specific populations by gender and age category

Standard Population dTTc Staff Population

Stratum Population TB cases

Population Observed TB cases Expected* 
TB casesOffice Community Office Community

Female <10 38511 430 0 0 0 0 0

Female 11-20 37763 309 0 2 0 0 0.02

Female 21-30 42788 969 16 35 0 6 1.15

Female 31-40 28865 743 27 19 0 2 1.18

Female 41-50 16789 345 18 7 0 2 0.51

Female 51-60 7778 143 4 2 0 1 0.11

Female >60 5478 82 1 1 0 0 0.03

Male <10 37786 446 0 0 0 0 0

Male 11-20 32563 229 0 0 0 0 0

Male 21-30 39904 790 5 12 0 0 0.34

Male 31-40 27678 1036 7 11 0 0 0.67

Male 41-50 15324 573 5 2 0 0 0.26

Male 51-60 7597 217 4 1 0 0 0.14

Male >60 4373 124 1 0 0 0 0.03

ToTal   343197 6436 88 81 0 11 4.44

*Calculated applying the standard population stratum-specific rates onto the DTTC population
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1.25-4.32), indicating that Centre TB rates exceeded those of the standard population 
by 147%. 

diScuSSion 
This study indicates that community-based healthcare researchers have a higher TB 
incidence than the residents of the community where they work. The calculated TB-
incidence is similar to results published in a review article (1) amongst hospital-based 
healthcare workers in Ethiopia and Malawi (Table 3). Only female community-based 
healthcare researchers developed TB, which may be explained in part by the fact 
that 68% of the community-based researchers were female. Almost 20% of female 
researchers were diagnosed with TB. Assuming an equal distribution, it might have 
been expected that 4-6 males (20%) would have been diagnosed with TB. Most of the 
female community-based researchers were in the age band of 21-30 years, which is 
recognised as a high risk age band for females to develop TB disease. It can also be 
speculated that females favour earlier health-seeking behaviour and therefore may 
have been diagnosed more quickly within the study period. 

Table 3: Incidence of TB-disease (all forms) in healthcare workers

author, 
year

country Type of facility, Study 
design

TB incidence 
among healthcare 
workers/100 000

TB incidence/ 
100 000 in country 
(year)

Wilkinson, 
1998 (12)

South Africa Secondary care 
hospital, retrospective 
cohort

275 379 (1997)

Eyob, 
2002 (1)

Ethiopia TB referral centre, 
retrospective cohort

5556 277 (1998)

Kanyerere, 
2003 (1)

Malawi Central hospital, 
retrospective cohort

5780 419 (2001)

Naidoo, 
2006 (13)

South Africa 8 Hospitals in province, 
retrospective cohort

1180 718 (2004)

Sotgiu,  
2008 (14)

Romania University hospital, 
retro- and prospective

943 97 (mean 1971-
2003)

Galgalo, 
2008 (15)

Kenya Public hospital, 
unmatched case-
control

796 301(2004)

Despite the appropriate continuity correction, the standardised TB morbidity ratio 
estimation is imprecise due to the small number of observed Centre TB cases and should 
be interpreted with caution. The fact remains, even if the significance of the increased 
Centre rate when compared to the standard population is exaggerated, the evidence 
is too strong to be explained simply by sampling error. 2001 census data were used in 
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conjunction with 2006 notification rates and since it is likely that the population has 
grown, the actual underlying TB-incidence rate in the general population could be 
lower. The real difference could therefore be greater than calculated.

The infection control policy at the time of the study included a chest x-ray screening 
and Mantoux test on employment. Employees were trained on the symptoms of 
TB and encouraged to be investigated for active disease when symptomatic, but 
respirators were not provided to researchers dealing directly with patients. Training 
also included an HIV session which emphasized the importance of HIV testing in a high 
risk TB setting. The policy did not protect community-based healthcare researchers 
sufficiently according to the study findings. It has subsequently changed to ensure 
that respirators are available to all employees and that surgical masks are available to 
hand out to TB suspects. The Centre is undergoing an Occupational Health assessment 
and a monitoring plan will be developed according to the findings. Employees are 
trained on the importance of good air flow when dealing with TB suspects and patients 
and advocacy to open windows are encouraged by labelling all windows at site offices 
with ‘Stop TB – Open the windows’ stickers.

The occupational health of staff members is the responsibility of the University and 
the Centre. This responsibility encouraged the Centre’s management to implement a 
package of care with the goal of protecting its staff members effectively. These results 
should also encourage other research institutions to invest in occupational health 
services, ensuring quality of care to healthcare researchers when doing research in local 
communities with a high burden of tuberculosis. This has major liability implications 
for all groups – including external agencies that sponsor research or development – 
undertaking activities in such communities and must be taken into consideration. The 
responsibility to care for healthcare researchers must be regarded as a priority, and 
research organisations must be held liable if it is not. 

Limitations of the study were that occupational risk could not be separated from 
residential risk since all of the staff who developed TB lived in the communities 
they worked, and that HIV-status was unknown for many of the staff members. 
Unfortunately five of the cases were not confirmed by sputum smear, although one of 
these cases had a subsequent positive sputum culture and the other four cases were 
diagnosed by clinical examination and chest x-ray evaluation by a medical doctor as 
per the South African National TB programme. If even two of these four clients did not 
have TB, the results would be weakened considerably. If none had TB, the confidence 
intervals around the rate could include that of the underlying population because 
of small case numbers. In a subsequent study, it would be preferable to increase the 
sample size and to ensure that all cases possible are confirmed by sputum smear to 
address this limitation. 
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concluSion
It is imperative that proper infection control measures be developed to protect all 
healthcare workers and researchers, including those community-based. These 
measures must be applicable and economically viable in resource limited settings, 
especially against the backdrop of a high HIV prevalence. Priority should be placed 
on relevant interventions reducing exposure, for example an open windows policy 
and the appropriate placing of furniture in consulting areas, and a health education 
component emphasizing infection risk at the workplace. It could also include serial 
symptom and tuberculin skin test screening and an opt-out HIV counselling and 
testing program, or a self-administered HIV-testing program. A well-functioning 
isoniazid preventive treatment program should be in place. Continuous training on 
TB/HIV is of cardinal importance. Ethical challenges must be addressed, including 
the possibility of researcher-to-patient transmission in the community and the issues 
surrounding a HIV-infected researcher employed in a TB-setting. The Desmond Tutu 
Tuberculosis Centre is therefore adapting its policy to accommodate a package of care 
which will be compatible with international standards. It urges other researchers and 
healthcare bodies to do the same.
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