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In the universe, there are things that are known, and things that  
are unknown, and in between, there are doors.

William Blake

Knowledge of what is, does not open the door directly to what should be.

Albert Einstein

A very little key will open a very heavy door.

Charles Dickens

There are so many doors to open. I am impatient to begin.

Charlie Gordon
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Chapter 1

Pulmonary tuberculosis (TB) has been identified in post-mortem examinations of 
Egyptian mummies from as early as ca. 2050 to 500 BC (1,2). The oldest statistics 
concerning TB are mortality records from cities in Europe (3), England and Wales (4) 
which extend back to the mid 18th and early 19th centuries. These records indicate TB 
as a major health burden with 25% of all deaths attributable to the disease, but only in 
1882 did Robert Koch first present evidence that a specific microbe causes tuberculosis 
(5). Over subsequent decades TB incidence declined steadily (6). This decline occurred 
before there were effective antibiotics to treat TB (5) and was ascribed to the natural 
history of an epidemic on the downwards curve (7–9) and improved socio-economic 
conditions (8). Recently TB has continued to burden areas with poor socio-economic 
indicators (10) and a high concurrent HIV prevalence (5,11,12). 

Pulmonary tuberculosis is a respiratory disease caused by Mycobacterium tuberculosis 
(M.tb) transmitted through droplet inhalation from person to person (13). Individuals 
with a high bacillary load, traditionally measured by sputum smear investigation, have 
been shown to be one of the drivers of the epidemic (12,14). In addition to bacillary 
load, the duration of exposure increases infection pressure and therefore the chance 
of transmission (15). The major transmission risk from an infectious (smear positive) 
individual is more likely before treatment is initiated and exposure to a household smear 
positive individual carries a 5-10 times higher risk in comparison to a smear negative 
individual due to the excess number of bacilli (16). The risk of transmission is also higher 
in crowded or slum areas (14,17) or areas with poor infection control (18,19). 

The lifetime risk of developing TB disease once infected with M.tb is 10% (20) but in a HIV-
positive individual the annual risk is 10% (21,22). Typical symptoms (13) of TB include 
chronic coughing defined as longer than two weeks (23), night sweats, loss of weight 
and appetite, chest pain and haemoptysis. The duration of untreated disease until self-
cure or death is estimated to be three years although in a HIV positive person the mean 
survival of TB without treatment is less than 6 months (24). Current diagnostic tools 
include sputum smear microscopy and culture, chest x-ray and molecular diagnostic 
techniques, like line probe assays (LPA) (25) and the Xpert MTB/RIF test (Cepheid, USA) 
(26). In recurrent TB cases or other high risk groups (27), drug susceptibility tests are 
usually included in the diagnostic algorithm. Smear microscopy, although with a low 
sensitivity compared to culture (28), is used primarily because it is inexpensive (29,30) 
and can identify the most infectious cases (smear positive) (31) which is a key public 
health activity (16). Once a person is diagnosed with drug sensitive TB, treatment with 
a four drug combination (isoniazid, rifampicin, pyrazinamide, ethambutol) is initiated 
(27) to prevent the development of drug resistance, especially when using a rifampicin 
containing regimen (32). Good quality drugs and treatment monitoring are essential 
components of any TB treatment programme (27). 
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The widely used vaccine, Bacille Calmette Guerin (BCG) (33), protects mainly against 
complicated childhood disease namely disseminated TB and TB meningitis (34–37). 
If a person is infected with M.tb but without active disease, isoniazid prophylactic 
treatment (IPT) (27,38) may be initiated according to the country’s TB programme 
although its effectiveness has limitations (39–42) and therefore important other 
preventative measures are to reduce the force of transmission (17,43,44), to diagnose 
and treat TB early (43,44) and to prevent and/or treat HIV infection (17,45). 

The vision of the Stop TB strategy (46) is a TB free world with the goal of reducing global 
TB by 2015 according to the Millennium Development Goals (47) and Stop TB partnership 
targets (46). These targets include: (i) to halt and reverse TB incidence by 2005, (ii) to reduce 
mortality and prevalence by 50% (compared to 1990) by 2015 and (iii) to eliminate TB as a 
public health problem by 2050. One of the objectives of the strategy is to ensure universal 
access to care for all people with TB through pursuing high quality directly observed 
therapy, short course (DOTS) expansion by improved case detection with quality assured 
bacteriology measured by a treatment success rate1 of >85%. 

Progress has been made globally and the most recent global treatment success rate in 
new smear positive cases has been 87% (48) although case notification has stagnated. 
The global burden is however still enormous with 8.7 million incident cases in 2011, 
the largest estimated number of cases in Africa (26%) and Asia (59%) and 80% of the 
TB/HIV cases from Africa. New diagnostic techniques have been implemented (49–51) 
and new drugs (52,53) and vaccines (54–57) are promising. There are however funding 
gaps for TB care and control (48). US$1 billion is needed per annum (excluding TB/HIV) 
from international donors for low and middle income countries and an additional US$1 
billion per annum for antiretroviral treatment in TB patients. Brazil, Russia, India, China 
and South Africa (the BRICS countries) are funding the bulk of their TB programmes 
nationally, but the funding is still insufficient for their respective TB control programmes. 
There are also funding gaps for research and development. 

TB and TB conTrol in SouTh africa 
South Africa is one of the 22 high burden countries in the world according to the WHO 
(27). TB mortality2 was 49/100000 (21-87/100000) in 2011, not including HIV positive 
individuals, with TB the main cause of death in South Africa (58). In 2011 TB prevalence3 

1 Treatment success is achieved when a patient is cured (becomes smear negative) or completed 
treatment (was smear negative at diagnosis) in smear or culture positive patients (27).

2 TB mortality is defined as the number of deaths caused by TB in a given time period, usually one year. 
3 TB prevalence is defined as the number of cases of TB at a given point in time.
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was estimated to be 768/100000 (399-1250/100000) and TB incidence4 933/100000 
(819-1180/100000) (48). Comparisons between the TB incidence in South Africa and 
globally, and other Southern African countries are shown in the figures below (figures 
1 and 2). These figures were compiled by professor Donald Enarson for a conference 
proceeding (used with permission) using the WHO Global Tuberculosis Report (59,60). 
From the figures it is obvious that although the global and African TB incidence is 
declining, it is still rising in South Africa. 

figure 1: Trend in tuberculosis incidence (global, Africa, South Africa)

figure 2: Trend in tuberculosis incidence for selected countries in Africa

4 TB incidence is defined as the number of new and relapse cases of TB arising in a given time period, 
usually one year, as recorded and reported/notified. 
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A quarter of new and relapse5 notified cases in Africa are from South Africa (48). The 
case detection rate6 in 2011 was estimated to be 69% (58-83, 2.5-97.5 centile) with 
47% of new cases smear positive7. The treatment success rate for all new cases in 2010 
was 53%, but it was reported that because of missing data, this might have been an 
underestimation. 79% of new smear positive cases were successfully treated. The 
incidence and cure rates comparing the nine provinces of South Africa are shown in 
Table 1 (61). The HIV prevalence in incident TB cases was 65% (95%CI 65-66) and 83% 
of notified TB cases were tested for HIV in 2011 (48). South Africa is one of the five high 
TB/HIV burden countries globally in which 60% of all global HIV-associated TB is found. 

South Africa is a high middle income country but the cost of treating one TB case with 
first line drugs is >US$1000 (48). Amongst the high burden countries it is only in Russia 
that treatment is more expensive. All the WHO policy guidelines for TB diagnosis 
have been incorporated into the South African TB programme since 2011. There are 
244 smear facilities (0.5/100000 population), 15 culture/DST facilities (1.5/5 million 
population), 10 LPA facilities (1.0/5 million population), 55 Xpert Mtb/Rif facilities 
which use 37% of available modules and 53% cartridges globally, and a supranational 
reference laboratory in Pretoria. 

South Africa’s contribution to global TB research efforts (48,55) includes research on 
vaccines for example MVA 85A (an attenuated vaccinia-vectored booster vaccine) 
phase 2b trials in infants and HIV-infected adults and an AERAS 402 phase 2b (an 
adeno-vectored, booster vaccine) trial. A new drug combination trial (NC-002) which 
investigates PA-824, bedaquiline, moxifloxacin and pyrazinamide for a shortened 
treatment period is also underway. 

5 New cases are defined as patients who never had treatment for TB or who have taken anti-TB drugs 
for less than one month. Relapse cases are defined as patients previously declared cured or treatment 
completed and diagnosed with bacteriologically-positive (sputum smear or culture) TB again (27). 

6 The case detection rate is defined as an estimate of the ratio of notified:incident cases (48). 
7  A smear positive patient is defined as a patient with one or more initial sputum smear examinations 

(direct smear microscopy) acid fast bacilli (AFB) positive (65).
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Table 1: TB cure and incidence* rates in the nine South African provinces and in total (ZA) for 2005 and 
2010 

indicator/
Provinces**

Ec fS GP KZn lP MP nc nW Wc Za

Cure rate 2005 TB register 54 68 68 45 61 52 50 58 72 58

2010 TB register 67 73 78 71 75 73 71 67 82 73

Incidence rate 2005 TB register 638 708 488 886 237 334 846 712 1 037 645

2010 TB register 920 864 505 1 131 407 710 929 931 954 802

*Defined as the number of new/relapse cases of TB in a given time period, usually one year, as recorded and reported/

notified

**EC: Eastern Cape, FS: Free State, GP: Gauteng, KZN: KwaZulu-Natal, LP: Limpopo, MP: Mpumalanga, NC: 

Northern Cape, NW: North West, WC: Western Cape, ZA: South Africa

TB is acknowledged by the South African government as a major threat to the health 
of the South African population (62). TB is a notifiable disease and is recorded and 
reported (Health Act, Act No. 61 Of 2003) to the local, provincial and/or national Health 
Departments. The DOTS strategy was introduced in South Africa in 1999 (63) and the 
names and programmatic information of all TB cases on treatment are recorded in 
the paper-based TB treatment register at primary healthcare (PHC) facilities (64). The 
data are reported to the district and entered into an electronic TB register (ETR.net). 
District data are collated at provincial level before sent to national level and used for 
completing the WHO standard collection form (65). 

All TB services, including diagnosis and treatment, are free of charge for the patients. For 
the diagnosis of TB, smears stained with fluorescent auramine-O (30,66) are primarily 
used to investigate sputum and diagnose smear positive TB (64) although the scale-
up of TB diagnosis at public health facilities with Xpert as first line, which started in 
2011, is expected to be completed in 2014 (67,68). Secondarily, sputum cultures are 
used to confirm the diagnosis, especially in patients with suspected smear negative 
or recurrent TB or other risk factors for drug resistant TB (64). At PHC level, sputum 
samples for bacteriological investigation are collected from TB suspects whose names 
are entered into the sputum register before the sputum is transported by courier to a 
centralised laboratory, the National Health Laboratory System (NHLS). Bacteriological 
investigations are requested using prescribed algorithms and standardised request 
forms. Results are returned to facilities per courier or fax. HIV testing is offered to TB 
suspects and rapid tests are done on site or at point of care according to the strategy 
of provider initiated HIV testing and counseling.

TB medication is procured by the TB programme through an official tender system and 
managed on provincial and district level (64). Ambulant TB patients on drug sensitive 
regimens receive daily treatment at healthcare facilities or in the community from 
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DOTS treatment supporters. Four drug fixed dose combination therapy is used for 
drug sensitive treatment, with a six month treatment period consisting of two months 
intensive phase (isoniazid, rifampicin, pyrazinamide, ethambutol) and four months 
continuation phase (isoniazid, rifampicin). 

rESEarch quESTionS and ovErviEW of ThESiS
TB case finding is a crucial area of enquiry since it identifies the source of infection in a 
community (16), indicating the individuals who are emitting bacilli. By treating these 
individuals and making them non-infectious, the transmission chain is cut. Adequate 
case finding minimises delay in treatment initiation (69). Case finding without 
treating the additional cases is irrational (16). Although cases are traditionally found 
by investigating those attending healthcare facilities complaining of symptoms of TB 
(passive case detection) (69), prevalence surveys aim to identify all prevalent cases, 
including those asymptomatic, and those who did not attend or were not investigated 
at healthcare facilities, in a community at a specific point in time (70). A prevalence 
survey from Viet Nam (71) for instance indicated 1.6 times more cases in the community 
than what was expected from notification rates and showed case detection was not as 
good as previously expected. Possible ways of case finding are illustrated in the ‘onion 
model’ (72) and Piot model (73) and can include the identification of patients who are 
initially lost to follow-up (74–77) and patients diagnosed in private healthcare systems 
(78,79). 

The consequences of poor case finding include the continuous transmission of M.tb 
within households (80–83), communities (84) and in facilities (85), especially where 
airborne infection control measures are not implemented (86). Consequently people 
in health facilities, including healthcare workers (87,88), and people in the community 
continue to be infected with M.tb. 

The overall aim of this thesis was to evaluate gaps regarding case finding in the South 
African National TB Programme according to the ‘onion model’ in order to develop 
interventions to address these gaps, thereby decreasing TB incidence and prevalence. 
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The research questions are: 
 y What is the prevalence and predictors of culture positive tuberculosis in two 

communities in the Western Cape of South Africa? 

 y What proportion of patients who attend primary healthcare facilities has culture 
positive tuberculosis without being diagnosed? 

 y What proportion of smear positive TB patients are not started on treatment within 
a month of diagnosis, i.e. are initially lost to follow-up, and what are predictors of 
initial loss to follow-up at facility level? 

 y Is there an association between TB in healthcare workers and infection control 
measures at primary healthcare facilities in South Africa? 

 y What proportion of community healthcare researchers in the Western Cape 
develop TB in comparison to the general population? 

chapter 2 describes a prevalence survey in two communities in the Western Cape 
province of South Africa in 2005 with the aim to assess the completeness of case 
detection. 

chapter 3 describes an exit study completed at two primary healthcare facilities 
in the Western Cape province of South Africa in 2011. The participants in this study 
completed an exit interview after leaving the facilities in order to identify gaps in 
diagnosing TB among health facility attendees.

chapter 4 describes a cross-sectional ecological study which aimed to determine 
initial loss to follow-up and determinants thereof at 133 primary healthcare facilities 
in five provinces of South Africa in 2009. 

chapter 5 describes, from the same set of primary healthcare facilities, the number 
of healthcare workers diagnosed with TB during a three-year period and the infection 
control practices at the facilities. 

The study in chapter 6 aimed at determining TB incidence in community-based 
healthcare researchers from the Western Cape. 

In chapter 7, the general discussion chapter, the implications of these studies are 
discussed. 
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aBSTracT

Background
In South Africa the estimated incidence of all forms of tuberculosis (TB) for 2008 was 
960/100000. It was reported that all South Africans lived in districts with Directly 
Observed Therapy, Short-course. However, the 2011 WHO report indicated South 
Africa as the only country in the world where the TB incidence is still rising.

Aims
To report the results of a TB prevalence survey and to determine the speed of TB case 
detection in the study communities.

Methods
In 2005 a TB prevalence survey was done to inform the sample size calculation for the 
ZAMSTAR (Zambia South Africa TB and AIDS Reduction) trial. It was a cluster survey 
with clustering by enumeration area; all households were visited within enumeration 
areas and informed consent obtained from eligible adults. A questionnaire was 
completed and a sputum sample collected from each adult. Samples were inoculated 
on both liquid mycobacterium growth indicator tube (MGIT) and Löwenstein-Jensen 
media. A follow-up HIV prevalence survey was done in 2007. 

Results
In Community A, the adjusted prevalence of culture positive TB was 32/1000 (95%CI 
25-41/1000) and of smear positive TB 8/1000 (95%CI 5-13/1000). In Community B, the 
adjusted prevalence of culture positive TB was 24/1000 (95%CI 17-32/1000) and of 
smear positive TB 9/1000 (95%CI 6-15/1000). In Community A the patient diagnostic 
rate was 0.38/person-year while in community B it was 0.30/person-year. In both 
communities the adjusted HIV prevalence was 25% (19-30%). 

Discussion
In both communities a higher TB prevalence than national estimates and a low patient 
diagnostic rate was calculated, suggesting that cases are not detected at a sufficient 
rate to interrupt transmission. These findings may contribute to the rising TB incidence 
in South Africa. The TB epidemic should therefore be addressed rapidly and effectively, 
especially in the presence of the concurrently high HIV prevalence. 
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inTroducTion
South Africa has high TB and HIV prevalence rates and has not reported a country-
wide TB prevalence survey since 1998 (1). In South Africa the estimated incidence 
of all forms of TB for 2008 was 960/100000 with an annualised increase in estimated 
incidence from 1998-2008 of 6.4% (2). In 2007 it was reported that the total South 
African population lived in districts with Directly Observed Therapy, Short-course 
(DOTS) (3) and the National TB programme reported a 64% cure rate amongst new 
smear positive cases for the same year (4). 

In order to determine the TB burden, two TB prevalence surveys have previously been 
done in communities in the Western Cape Province of South Africa (5-6). At the time of 
these surveys, the Western Cape had the highest reported rate of all types of TB cases in 
the country (4). Den Boon (6) reported a bacteriologically-confirmed TB prevalence of 
10/1000 and a smear-positive prevalence of 3/1000 in 2002. Wood (5) reported a point 
prevalence of adult pulmonary TB cases of 25/1000 with a smear-positive prevalence 
of 28/1000 in HIV-positive individuals and 2/1000 in HIV-negative individuals in 2005. 

This manuscript reports on the prevalence of tuberculosis and the proportion of 
prevalent cases detected by the TB programme in the Western Cape. In 2005 a survey 
was done in four communities to inform the sample size calculation and logistical 
planning for the ZAMSTAR (Zambia South Africa TB and AIDS Reduction) trial, which 
evaluated the impact of intensified case finding and household contact tracing (7). Two 
communities were selected in Zambia (8) and two in the Western Cape, South Africa. 
The main aim of the analysis for this manuscript was to report on the prevalence of 
TB in these communities prior to any intervention and we used the indicator ‘patient 
diagnostic rate’ as a measure of the comprehensiveness of TB services.

METhodoloGY

Study setting
Population-based TB prevalence surveys were carried out in two urban communities 
in 2005 located in the City of Cape Town. They were purposefully selected for their 
adjacent location and similarity to the intervention communities of the ZAMSTAR trial 
as previously described (7). Each community was served by one TB diagnostic centre 
defined as a primary health care facility where TB smear microscopy, culture and 
identification testing were available and patients were diagnosed with and treated 
for TB.
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Community A was a densely populated community with 99% black African residents, 
of whom 57% lived in shacks and 49% were employed (9). In 2005 the TB notification 
rate in this sub-district was 1612/100000 and the antenatal HIV prevalence was 33% 
(10). Community B was geographically located in a different sub-district and had a 
98% ‘coloured’ population in 2005 of whom 61% lived in brick houses and 77% were 
employed. In 2005 the TB notification rate in the sub-district was 782/100000 and the 
antenatal HIV prevalence was 16% (10).

Study design
Enumeration areas (EAs) from the South African National Census maps of 2001 (9) 
were randomly selected in each community and placed in order of selection. EAs 
were included until the target sample size of 5000 participants was reached, but 
the final EA was completed even if the number went over 5000. Within each EA, all 
households were visited and households that consented to participate were included 
in the survey; thus this was a cluster sample survey with clustering by enumeration 
area. Within each household, all adult household members (aged ≥ 15 years) who 
spent the previous night in the household were enumerated and all were eligible 
for inclusion in the survey. When adults were enumerated but not present at the first 
visit to their household, two further visits were made to minimize selection bias due 
to non-response. Trained research assistants obtained written informed consent and 
interviewed adults using a structured paper-based questionnaire. Variables of interest 
collected by the questionnaire included age, sex, history of previous TB, number of 
years resident in the community and socio-economic status assessed by the number of 
household assets (radio, television, refrigerator, bicycle, car) and the number of meals 
eaten per day. A sputum sample was requested from each participant. The sample 
was collected on the spot either spontaneously or with the assistance of breathing 
techniques. 

HIV-prevalence was determined in 2007 on a random subset of the TB prevalence 
participants. Ethics approval for anonymous HIV testing with BIONORTM HIV-1&2 was 
not given prior to the TB prevalence survey in 2005. After completion of the survey, 
ethics approval was obtained for HIV testing under the condition that a nurse qualified 
as a HIV-counsellor would test and refer HIV-positive participants to access HIV care. 
HIV-prevalence was therefore determined 18 months after the completion of the TB-
prevalence survey. Salivary samples were taken in 2007 from traced participants. 

Sample size calculation
WHO estimated a TB prevalence of 670/100 000 in South Africa in 2004 (11). Using the 
sample size calculated for the primary outcome of the ZAMSTAR trial, which was TB 
prevalence in the 24 communities included in the trial at the end of the intervention 
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period (7), 5000 adults per community had to be enrolled. However, because of the 
much higher TB prevalence found while doing the field work, fewer participants were 
needed to be included in the sample. For the HIV-prevalence at an estimated HIV 
seroprevalence of 25% and to achieve 5% precision, the calculated sample size was 
610 adults from each community. 

Laboratory measurements for TB
Samples were barcoded and transported in cooler boxes to the laboratory. An 
unstained direct sputum smear was stored for each sputum sample. Samples were 
then decontaminated and each sample inoculated on both a liquid mycobacterium 
growth indicator tube (MGIT) (BD, Sparks, USA) and a solid Löwenstein-Jensen 
(LJ) culture according to standard WHO recommendations. If a MGIT culture was 
contaminated, the sample was decontaminated again and the culture was repeated 
using MGIT. Laboratory cross-contamination was investigated as previously described 
in the Zambian communities (8). Spoligotyping was done on any sputum samples 
that had positive cultures that were inoculated on the same day. 

The original smear was stained with Ziehl-Neelsen if mycobacteria grew on any 
culture media. Smears of individuals with a negative culture were not examined. The 
GenoType® Mycobacterium CM/AS (Hain, Nehren) test was used to identify the species 
of positive cultures. Laboratory quality was assured for smears by re-reading of the 
samples by two individuals blinded to the outcome. Drug susceptibility testing was 
done on culture positive samples with GenoType® MTBDRplus (Hain, Nehren).

Laboratory measurements for HIV
BIONORTM HIV-1&2 salivary test kits (BIONOR AS, Norway) were used to collect saliva 
in the field from participants identified for HIV testing. The collection kits were 
transported daily to the laboratory where HIV testing was done according to the 
BIONOR algorithm. 

Case definitions
A culture-positive prevalent pulmonary TB case was defined as an adult who had 
a positive culture on either medium identified as M.tuberculosis species with the 
GenoType® Mycobacterium CM/AS. A smear positive TB case was defined as an adult 
with a positive culture identified as M.tuberculosis (M.tb) and a direct smear indicating 
acid fast bacilli. M.tb culture-positive participants were revisited within six weeks after 
the initial visit and were referred for treatment to the local TB clinic after a follow-
up questionnaire, the collection of two confirmatory sputum samples for smear and 
culture and chest x-rays. The same clinical algorithm was used as in the Zambian 
communities (8). 
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For study purposes a participant was defined as HIV positive according to the BIONOR 
algorithm which included a confirmatory test. Participants were counselled and tested 
voluntarily according to current South African guidelines at the time and referred to 
the nearest health facility for HIV care if HIV positive. 

Indicator of comprehensiveness of services
The patient diagnostic rate (12) was estimated for each community as the ratio of the 
notification rate for all pulmonary tuberculosis cases (including retreatment cases) 
and the age-sex standardised prevalence rates of culture positive tuberculosis cases as 
estimated from the prevalence survey. Confidence intervals for the patient diagnostic 
rate were approximated using the Delta method.

Statistical methods
Data were analysed with STATA 12 (StataCorp LP, College Station, TX, USA). For each 
community, pulmonary TB point prevalence and 95% confidence intervals were 
estimated using a logistic regression model with robust standard errors to adjust for 
clustering at enumeration area level, inverse probability weighting to standardise 
for age and sex and multiple imputation of missing values on culture-positive TB, 
as recommended by the WHO (1). For multiple imputation of missing values, the 
imputation model included all the variables that were investigated as predictors 
of culture-positive TB in the multivariable regression model and fifteen imputed 
datasets were created.  Inverse probability weighting was used to account for age-sex 
differentials in survey participants, and standardisation was to the age-sex structure 
of the community according to the 2001 census (9). The design effect for a cluster 
sample survey, defined as “the multiple by which the sample size must be increased 
compared to the sample size required if simple random sampling was used, to ensure 
that the estimate of the population prevalence is as precise as that which would have 
been obtained from a simple random sample survey” (1), was calculated as the ratio 
of the variance taking into account the cluster design and the variance ignoring the 
cluster design (13). Based on this model, significant predictors of culture-positive 
TB (p<0.05) in univariable logistic regression were determined. Subsequently, these 
predictors were included in a multivariable logistic regression model using backwards 
stepwise selection. The final model consisted of predictors with p<0.05 except for age, 
sex and previous TB which were included a priori. HIV status was not included in the 
multivariable model because it was measured at a different time point (18 months after 
the TB prevalence survey) and on a random subset of participants. HIV prevalence was 
calculated separately for each community to give an indication of background risk. 
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Ethics statement
Approval for the study was obtained from the Health Research Ethics Committees of 
Stellenbosch University, the University of Zambia and the London School of Hygiene 
and Tropical Medicine. Participants gave written informed consent for enrolment into 
the survey and for the collection of sputum and salivary samples. Names of participants 
were used only on the consent forms. Barcodes were used on questionnaires, sample 
containers and results and linked data of individuals without using names. Only the 
data manager could link the barcodes to participants’ contact information in order 
to revisit TB culture-positive participants and refer them to the closest health facility. 
Participants who were willing to have a salivary HIV test signed a separate informed 
consent form, received voluntary counselling and testing, and if HIV positive, were 
referred to the nearest health facility according to the current standard guidelines. 
Salivary sample results were barcoded and linked to the original sputum samples. 

rESulTS

Prevalence 
In 36 enumeration areas, 7667 adults were enumerated in the two study communities 
(figure 1 on the next page). 6296 adults consented to participate and provided a 
sputum sample, of whom 5670 adults had culture results and 242 had a positive culture 
(MGIT and/or LJ). A total of 146 (60%) of the positive cultures were Mycobacterium 
tuberculosis (M.tb). Forty-four (30%) patients with M.tb positive cultures had smears 
which were direct smear positive. Since patients with any positive culture result (either 
one of two MGITs or LJ) were defined as culture positive, and because at least one 
evaluable culture result was available for all participants for whom the sputum sample 
was not lost, no sample was dropped because of contamination of both cultures. The 
design effect for Community A was 1.04 and for Community B 2.16. 
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figure 1: Flow chart of participants included in the survey

Census enumeration areas (EAs) 
included N=36

Adults enumerated
N=7667

Individuals consented N=6296
(response rate 82.1%)

Excluded individuals: No consent 
N=1371

Excluded individuals: 
Sputum container leaked/empty N=592
Missing data*: N=34 (age, sex, EA)

Individuals with culture result 
N=5670 (90.1%)

Negative culture 
N=5428

Positive culture
N=242

Mycobacterium tuberculosis 
N=146

Mycobacteria other than 
tuberculosis N=96

No smear 
results N=6

Negative 
smear N=96

Positive 
smear N=44

No smear 
results N=5

Negative 
smear N=90

Positive 
smear N=1

*individuals with missing age, sex and EA excluded because the data were standardised or adjusted on these variables.
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Predictors of prevalent TB
Sixty-seven of the culture-confirmed M.tb cases were from Community A giving a 
crude prevalence of culture confirmed TB of 25/1000 (Table 1 on pages 24-25). The 
crude smear positive prevalence was 7/1000. After standardising for sex and age, 
accounting for clustering by enumeration area and imputing missing data, the culture 
prevalence was 32/1000 (95%CI 25-41/1000) and the smear positive prevalence 8/1000 
(95%CI 5-13/1000). The increased adjusted prevalence was mainly the result of age/
sex standardisation and not of the imputation of missing data. The prevalence was 
highest in males aged more than 55 years and females 25-34 years. Age and sex were 
strong predictors of prevalent TB (Table 2 on pages 26-27), as was previous TB (OR=2.58 
95%CI 1.16-5.74), years in community (less TB in participants with longer residence 
in the area, with overall p=0.016) and number of household items (less prevalent TB 
in participants with more household items). Although the number of meals per day 
was a predictor of prevalent TB in the univariable analysis (OR 0.61 95%CI 0.38-0.98), 
after controlling for age, sex, previous TB and household assets, there was no longer 
evidence of an association (OR=0.99 95%CI 0.49-2.01).

Seventy-nine cases were from Community B giving a crude prevalence of culture 
confirmed TB of 22/1000. The crude smear positive prevalence was 7/1000. After 
standardising for sex and age, accounting for clustering by enumeration area, and 
imputing missing data, the culture prevalence was 24/1000 (95%CI 17-32/1000) 
and the smear positive prevalence 9/1000 (95%CI 6-15/1000). The prevalence was 
highest in males aged 45-54 years and females aged 35-44 years (Table 2). Age and 
sex were strong predictors of prevalent TB, as was number of household items (less 
prevalent TB in participants with more household items). 81% of the community had 
≥ 3 household items in comparison with 55% in Community A. There was no evidence 
of an association between number of meals per day and prevalent TB, in either 
univariable or multivariable analysis. 
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HIV background risk
In the sub-study investigating HIV status, 468 individuals were enrolled in Community 
A, of whom 17 were TB cases as defined in the TB prevalence survey and 109 were HIV 
positive. The age, sex and cluster adjusted HIV prevalence was 25% (95%CI 19-30%) 
among non-TB cases. In Community B, 672 individuals were enrolled of whom 36 were 
TB cases and 166 were HIV positive. The age, sex and cluster adjusted HIV-prevalence 
was 25% (95%CI 19-30%) among non-TB cases. 

Patient diagnostic rate 
In Community A the patient diagnostic rate was 0.38 per person-year (Table 3). 
The patient diagnostic rate was 0.9 per person-year among smear positive and 
0.11 per person-year among smear-negative patients. In Community B the patient 
diagnostic rate was 0.30 per person-year. The patient diagnostic rate was 0.59 
per person-year among smear positive and 0.04 per person-year among smear-
negative patients. 

Table 3: Estimates of patient diagnostic rates for pulmonary tuberculosis

Population (a) notification 
rate of PTB/1000 
Population

(b) Prevalence 
of PTB/1000 
Population

(a)/(b) Patient 
diagnostic rate*

95% confidence 
interval

community a

Smear Positive 7.73 8.60 0.90 0.47-1.33

Smear Negative 2.12 20.22 0.11 0.08-0.13

Total 12.31 32.79 0.38 0.29-0.47

community B

Smear Positive 4.57 7.75 0.59 0.38-0.90

Smear Negative 1.37 37.95 0.04 0.03-0.05

Total 7.00 23.58 0.30 0.20-0.39

*Expressed as the number of cases detected per person-year among persons with PTB

Spoligotyping of M.tb strains
Spoligotyping showed that samples collected and prepared for culture on the same 
day were similar in 12 samples on 6 separate days (2 per day). Six of these samples were 
Beijing strain, four were F11 strain and two Haarlem strain. Although the possibility 
exists that these samples may have been cross contaminated giving a contamination 
proportion of 6 out of 242 positive cultures (2.5%), the laboratory methodology used 
(spoligotyping) could not differentiate between substrains of Beijing, F11 or Haarlem. 
It is therefore also possible that these samples were not contaminated but contained 
substrains commonly found in the South African context. In addition, given that these 
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are the most dominant strains found in our communities, the probability also exists 
that these were correctly identified and not contaminants. 

Drug susceptibility testing
Of the 146 prevalent TB cases, 141 had drug susceptibility test results and of these, 
six cases were isoniazid mono-resistant (4%), one case was rifampicin mono-resistant 
(1%) and one case was isoniazid and rifampicin resistant (1%). The rest of the samples 
were sensitive to isoniazid and rifampicin. 

diScuSSion
This paper reports a very high prevalence of culture positive pulmonary TB in the 
communities studied. The patient diagnostic rate was much higher for smear positive 
patients than for smear negative patients, amongst whom it was very low. 

The estimated TB prevalence according to the WHO (14) for South Africa was 5/1000 
in 2005. The prevalence of smear positive and culture positive TB reported in both 
communities were higher than the national estimates which could be explained by 
the fact that high burden TB communities were purposefully selected in accordance 
with the ZAMSTAR protocol. Nevertheless, this extremely high TB prevalence, which 
was measured with high quality survey methods, is cause for concern, in particular 
when taking into account the low patient diagnostic rate, suggesting the services fail 
to detect a significant proportion of TB cases. Moreover, the notification rates for both 
subdistricts showed a steady increase in TB incidence (10,15) , suggesting that current 
services are not stemming the tide of TB in these communities. 

Given the limited geographical coverage of surveys in South Africa, significant 
effort should be made to improve prevalent TB data estimation in order to inform 
policymakers and implementers of the TB programme, hence the planning of a 
national TB prevalence survey by the National TB Programme of South Africa. It is 
crucial to address the TB epidemic in South Africa immediately and effectively since the 
latest WHO report (16) indicated South Africa as the only country where TB incidence 
is rising. The fact that the incidence is rising and the prevalence is so high suggests an 
epidemic still on the upwards curve. 

In Community A, the informal settlement with a dynamic population, there was less 
TB in participants with longer residence in the area. This may be a proxy indication 
of the influence of intraregional migration on prevalent TB. However, migrants into 
community A are mostly from the Eastern Cape (10) which has a reported lower TB 
notification rate than the Western Cape. The migration stream from the Transkei region 
in the Eastern Cape has been the key demographic flow into the Western Cape and has 
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transferred large numbers of individuals and families from rural areas. This migration 
stream deposits poor individuals and families into the informal urban settlements 
surrounding Cape Town. Given the known association between poverty and TB (17), 
this group may be at high risk of developing TB.

In both communities the study estimated a low patient diagnostic rate, suggesting 
that cases are not detected at a sufficient rate to interrupt transmission. A patient 
diagnostic rate of >1.17 indicates more than 70% of cases are detected as proposed 
(18) as part of an effective DOTS strategy. However, the heterogeneity between 
the two communities was also demonstrated by the higher patient diagnostic rate 
among smear-positive patients in Community A (0.99 per person-year) compared to 
Community B (0.50 per person-year). For Community A this is an indication of a well 
functioning TB programme, although the detection of smear-negative TB is still not 
ideal. Solutions could be tailored to address this epidemic heterogeneity.  

Communities included in this study thus had a higher TB prevalence and poorer case 
detection than national estimates (4). The introduction of GeneXpert (Cepheid, USA) 
which is currently been rolled-out across South Africa may improve case finding. While 
limited case detection may be an important contributor to the high TB prevalence and 
may contribute to the rising incidence of TB in South Africa, other factors may play a 
role as well, such as inadequate treatment success (reported to be 70% in the 2007 
WHO report (14) on the 2004 treatment cohort for the same time period as this study). 

Different risk groups were identified during the survey in the two communities, 
specifically males of all ages, those having had previous TB (as was found in a similar 
South African community (6)) and those of lower socio-economic status (as indicated 
by number of household items). While this confirms epidemiological expectations, 
our findings do not identify clearly defined risk groups for intensified case finding. 
Other Southern African surveys (8,19) indicated previous TB as a risk factor only in HIV 
positive individuals. The final outcome prevalence survey of the ZAMSTAR trial will 
however inform on the proportion of prevalent TB that is attributable to HIV infection 
in Western Cape since HIV status was captured on an individual level. 

With regards to the HIV prevalence in the communities, it was expected that the 
prevalence survey would mirror the antenatal care HIV prevalence as was reported 
by the provincial health system. The antenatal HIV prevalence in the subdistrict of 
Community A was 16% and for the subdistrict of Community B it was 33% in 2005 
(10). However, according to the survey, HIV prevalence was similar across the two 
communities: lower in Community A, but higher than expected in Community B with 
both communities’ survey HIV prevalence at 25%. This may be an indication of subsets 
of HIV epidemics within the province, with a HIV prevalence on the rise in some 
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communities, but already plateauing in other communities. An upwards trend in HIV 
prevalence was illustrated (20) in both subdistricts from 2001 to 2004 with an increase 
in prevalence from 22% to 33% in the Community A subdistrict and an increase of 5% 
to 15% in the Community B subdistrict, thus also illustrating the heterogeneity of the 
HIV epidemic within the Western Cape province, and indicating significant increases 
in the HIV prevalence in both the study subdistricts just prior to our study. This will 
undoubtedly further exacerbate the already perilous situation of tuberculosis in these 
communities. 

Limitations
The most important limitation of the survey was that we could not directly investigate 
HIV status as a predictor for prevalent TB. However, the association between HIV and 
TB is well established. As was recently recommended by the WHO (1), testing for 
HIV should at least be included for all participants confirmed to have TB and may be 
considered for a wider group of survey participants in TB prevalence surveys, especially 
in settings where the HIV prevalence is high in the general population and where HIV 
testing is a routine service. It is strongly recommended that the South African National 
TB Programme includes testing for HIV offered to all participants as part of the planned 
national TB prevalence survey. 
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aBSTracT 

Setting
This study was conducted in Cape Town in two primary healthcare facilities in a 
subdistrict with a high prevalence of bacteriologically-confirmed pulmonary TB.

Objective
To determine the proportion of adults with respiratory symptoms who attend 
healthcare facilities but are not examined for, nor diagnosed with TB, in facilities where 
routine TB diagnosis depends on passive case finding. 

Design
423 adults with respiratory symptoms exiting primary healthcare services were 
consecutively enrolled during April-July 2011.

Results
Twenty-one (5%) participants were diagnosed with culture positive TB. None had 
sought care at the facility because of their respiratory symptoms, none were asked 
about respiratory symptoms during their visit and none were asked to produce 
a sputum sample. Nine cases attended the facility for reasons regarding their own 
health, while twelve cases attended the facility accompanying someone else or for 
another reason. 

Conclusion
Patients with infectious TB attend primary healthcare facilities, but are not recognised 
and diagnosed as cases. Healthcare staff should search actively within facilities for 
cases who attend healthcare services to ensure that cases are not missed. Intensified 
case finding must start within the facility, without limiting it to patients who report 
respiratory symptoms or are HIV positive.  
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inTroducTion
Finding and successfully treating all tuberculosis (TB) patients is a cornerstone of the 
Global Strategy to Stop TB. However, a key obstacle to achieving this is the inability to 
identify all patients and enrol them on treatment. The path to care that an individual 
patient must take to be enrolled on treatment includes a number of specific transitions 
at each of which a patient may be prevented from accessing such treatment. These 
steps have been characterized in a model, termed the ‘onion’ model (1,2) and each of 
these transitions must be clearly understood in order to facilitate access to treatment. 
The transitions have similarly been described in the Piot model (3) . 

A number of studies have demonstrated a substantial obstacle between the recognition 
that a patient has tuberculosis and that patient’s enrolment on treatment (termed 
‘initial loss to follow-up’) (1,4-9). It has been shown (10) that patients first identified in 
community surveys to have TB had previously attended health services on a number 
of occasions with the symptoms of their illness but had never been diagnosed. 

We could not find any publication determining the number of patients with symptoms 
typical of TB who had not been investigated for TB even though they had attended 
a healthcare facility. This study aimed to determine the proportion of adults with 
respiratory symptoms who attend healthcare facilities, but who were not examined 
for, nor diagnosed with TB in facilities where routine TB diagnosis depends on passive 
case finding. 

METhodS

Study setting
This study was conducted in two primary healthcare facilities in a subdistrict with a 
prevalence of 10/1000 (95%CI 6.2–13.8/1000) bacteriologically-confirmed pulmonary 
TB, despite good cure rates (11) in the City of Cape Town. One facility provides the full 
range of preventive and curative child and adult primary healthcare services while 
the other provides the full range for children, but for adults only family planning, 
sexually transmitted infections, TB and HIV services. TB investigations were carried 
out according to the National Tuberculosis Management Guidelines of 2009 (12), by 
which any person who had a cough for more than 2 weeks should have been asked to 
provide a sputum specimen for direct smear for acid-fast bacilli. 
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Study population
The study population included all adults (≥ 18 years) with respiratory symptoms who 
attended the facilities over a period of 4 months (April – July 2011). 

Methodology
All those leaving the facilities were informed about the study upon exiting and, from 
those reporting respiratory symptoms, data were collected on sex, general well-being 
and TB treatment. Respiratory symptoms included a positive answer to any of the 
following: cough, productive cough, haemoptysis, fever, night sweats, chest pain and 
weight loss. 

Patients on TB treatment or attending to collect results of sputum tests done for 
TB were excluded from the study as they would not have been screened for TB by 
the facility on the day of the study. Informed consent was obtained from those who 
reported respiratory symptoms for a face-to-face interview on personal demographic 
information, a previous TB history, a TB household contact and HIV status. Questions 
differentiated between participants seeking care for their respiratory symptoms and 
those who attended for another reason, ranging from accompanying the frail or 
having other symptoms to collecting medication for long-term treatment. A sputum 
sample was collected from each participant on the spot. 

Sample size
Based on our experience and other studies, we assumed more than 30% of individuals 
attending primary healthcare facilities have respiratory symptoms (13). For the sample 
size calculation in our target population where everyone was respiratory symptomatic, 
we assumed 40% attending for reasons regarding their own health were not screened 
and tested for TB. Furthermore, we assumed 85% attending for reasons other than 
their own health were not screened and tested for TB. Using these assumptions, for 
80% power at the 95% significance level, a sample of 115 participants was required to 
determine a risk difference of 45% between the groups. 

However, since data was sparse on the number of attendees who were symptomatic 
and not tested and assumptions were broad, a sample size of 400 respiratory 
symptomatic participants was chosen to ensure sufficient statistical power. Individuals 
were consecutively enrolled over the four month period until the sample size was 
reached.
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Laboratory methods
Sputum samples were transported in cooler boxes to the Desmond Tutu TB Centre 
laboratory at Stellenbosch University. Sputum smear investigation was done by 
auramine stain, followed by MGIT™ culture and the TBc Identification test (Becton 
Dickinson Pty Ltd). A report was compiled to facilitate patient tracing and referral to 
health facilities. Positive results were reported daily to facilities to ensure recall and 
initiation of treatment. 

Data management
Questionnaires and sputum tubes were barcoded to link the results. The questionnaires 
were dually entered into a SQL database; discrepancies between the datasets were 
reviewed by a third data clerk. Corrections were made in the final dataset. The data 
manager verified the integrity of the dataset before extracting the data for analysis in 
STATATM version 10.1. Sputum results were recorded by the laboratory personnel. Only the 
data manager could link names to results. When a positive result was received, the data 
manager provided the researcher with the consent form in order to trace the patient.  

Ethics
This study was approved by the Health Research Ethics Committee, Stellenbosch 
University and the International Union against TB and Lung Disease Ethics Advisory 
Group. Participants were enrolled after written informed consent was obtained. Data 
were kept confidential by using barcodes to identify questionnaires and samples. 
Participants were invited to return to the site to collect their results and were informed 
that should they not collect it, the nurse would conduct home visits for participants 
who had positive results. Confidentiality of HIV status was ensured by participants 
self-completing the section of the questionnaire pertaining to HIV status. 

rESulTS
665 adults (14% of all who exited the facilities) consented to take part in the study 
(flowchart 1) of whom 423 (64%) had respiratory symptoms. 24% of clients exiting 
were not eligible to participate, while 62% did not consent. Of the respiratory 
symptomatics, 36 (9%) attended the service because of these symptoms. Three of the 
36 had been asked for a sputum sample at the facility before they enrolled into the 
study and one participant had given a sputum sample. Of the 423, 16 (3.8%) had been 
questioned by the health staff about their respiratory symptoms. Of the participants, 
66% were female (Table 1), there was an even spread across age groups, 71% were 
unemployed, 83% lived in the same area as the facility, 23% had previous TB, 15% had 
someone in the household with TB and 72% reportedly knew their HIV status. Fifty-
one per cent attended the facilities because of reasons regarding their own health. 
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flow chart 1:  Facility management of respiratory symptomatic clients, as reported at the exit interview

4686 exits

423/665 (64%) 
symptomatic

242/665 (36%) 
asymptomatic

36/423 (9%) 
attended b/o resp 

complaints

387/423  (91%) 
did not attend b/o 

resp complaints

3/36 (8%) were 
asked about resp 

complaints

13/387 (3%) were 
asked about resp 

complaints

1/3 (33%) was 
asked for sputum

3/13 (23%) were 
asked for sputum

1/1 gave a sputum 
and had return 

date

1/3 (33%) gave a 
sputum and had 

return date

665/4686 (14%) 
consented

1122/4686 (24%) 
on treatment or 

fetched meds

2899/4686 (62%) 
declined
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Table 1:  Sociodemographic characteristics of consecutive adults (n=423) exiting primary healthcare 
services with respiratory symptoms, Cape Town April-July 2011. 

characteristic n= %

Sex

Male 143 33.8

Female 279 66.0

Missing 1 0.2

age

18-24y 80 18.9

25-34y 87 20.6

35-44y 76 18.0

45-54y 98 23.2

55-90y 82 19.4

occupation

Income 123 29.1

No Income 300 70.9

home community

Area of clinic 352 83.2

Other area 71 16.8

Previous TB

Yes 98 23.2

No 323 76.4

Missing 2 0.5

TB in household

Yes 64 15.1

No 355 83.9

Missing 4 1.0

hiv-status known

Yes 303 71.6

No 120 38.4

attended for own health

Yes 214 50.6

No 209 49.4

Twenty-one (5%, 95%CI 3-7%) participants were diagnosed in the study with culture-
positive TB (Table 2). Of these, 12 (57%) were smear positive, 16 (76%) were female, 
4 (20%) previously had TB and no-one reported being HIV-positive. None had sought 
care at the facility because of their respiratory symptoms, none were asked about 
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respiratory symptoms during their visit and none were asked to produce a sputum 
sample (flowchart 2). It was not apparent from their patient files why they were 
not investigated for TB by healthcare staff. Of the 21 cases, 9 attended the facility for 
their own health (2 for acute reasons, 4 for womens’ health and 3 for chronic care) 
and 12 attended the facility for other reasons (7 were accompanying a child, 4 were 
accompanying an adult, 1 attended on behalf of someone else). 

Table 2:  Characteristics of tuberculosis (TB) cases (n=21) among consecutive adults (n=423) exiting 
primary healthcare services with respiratory symptoms, Cape Town (April-July 2011).

Sex age Previous 
TB

Smear culture TBcid hiv 
status 
known

hiv status 
reported

Female 20 No 1-9 (scanty) Positive Positive Yes Negative

Female 29 Yes 2 + Positive Positive Yes Negative

Male 35 Yes Negative Positive Positive Yes Negative

Female 49 No 1 + Positive Positive Yes Negative

Female 21 No Negative Positive Positive No N/a

Female 22 Yes Negative Positive Positive Yes Negative

Female 22 No 1-9 (scanty) Positive Positive Yes Negative

Female 38 No Negative Positive Positive Yes Negative

Female 19 No 2 + Positive Positive Yes Negative

Female 38 No Negative Positive Positive Yes Negative

Female 20 No 1 + Positive Positive Yes Negative

Female 30 No 1-9 (scanty) Positive Positive Yes Negative

Male 22 No 2 + Positive Positive Yes Negative

Female 55 No Negative Positive Positive Yes Negative

Male 35 No Negative Positive Positive No N/a

Female 21 No Negative Positive Positive No N/a

Female 22 No Negative Positive Positive Yes Negative

Female 63 No 3 + Positive Positive Yes Negative

Male 24 Yes 1-9 (scanty) Positive Positive Yes Negative

Female 22 No 2 + Positive Positive Yes Negative

Male 45 No 2 + Positive Positive No N/a
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flow chart 2:  Facility management of TB Cases found during the study, as reported at the exit interview

21/423 (5%) 
TB Cases

385/423 (91%) 
not TB Cases

17/477 (4%) missing 
data

0/21 accessed 
because of resp 

complaints

0/21 asked about 
resp complaints

0/21 asked to give a 
sputum

423 symptomatic

There were no significant differences (Table 3) in sex or age groups between TB and 
non-TB cases who attended for their own health. However, the TB cases who did not 
attend for their own health (Table 4) were significantly younger in age as compared 
with the non-TB cases who were not attending for their own health (χ2 15.87, p=0.003). 
Amongst TB cases who attended the facility for their own health, no symptom was 
significantly associated with being a case (Table 5 on pages 44-45). However, amongst 
TB cases who did not attend the facility for their own health, cough (p=0.033), fever 
(p=0.038) and loss of weight (p=0.011) were significantly associated with being a case. 
In this group, the score test for trend was significant for the number of symptoms 
associated with being a case (χ2 9.42, P = 0.002). 
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Table 3:  Symptoms and TB diagnosis among adults (n=214) exiting primary healthcare services attending 
for reasons regarding their own health, Cape Town (April-July 2011).

demographic variables
attended TB 

services
asked about 

symptoms
TB cases

number % number % number %

Sex Female 133 12 9.0% 8 6.0% 7 5.3%

Male 80 6 7.5% 5 6.3% 2 2.5%

Missing 1 0 - 0 - - -

age group 18-24 34 3 8.8% 4 11.8% 3 8.8%

25-34 31 5 16.1% 1 3.2% 1 3.2%

35-44 42 6 14.3% 3 7.1% 2 4.8%

45-54 50 2 4.0% 8 6.0% 1 2.0%

55+ 57 2 3.5% 5 6.3% 2 3.5%

Total 214 18 8.4% 13 6.1% 9 4.2%

Table 4:  Symptoms and TB diagnosis among adults (n=209) exiting primary healthcare services attending 
for reasons other than their own health, Cape Town (April-July 2011).

demographic variables
attended TB 

services
asked about 

symptoms
TB cases*

number % number % number %

Sex Female 146 13 8.9% 1 0.7% 9 6.2%

Male 63 5 7.9% 2 3.2% 3 4.8%

age 
group* 18-24 46 5 10.9% 1 2.2% 8 17.4%

25-34 56 3 5.4% 2 3.6% 1 1.8%

35-44 34 2 5.9% - - 2 5.9%

45-54 48 6 12.5% - - 1 2.1%

55+ 25 2 8.0% - - - -

Total 209 18 8.6% 3 1.4% 12 5.7%

* χ2 15.87 and p=0.003 for the association between age and having TB
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diScuSSion
This study shows that patients with infectious TB attend primary healthcare facilities, 
but they are not recognised and diagnosed as cases. 21 adults were diagnosed with 
pulmonary TB on exiting the facilities – none of these were examined for TB while in 
the facility although they had well-known symptoms associated with TB. Of the 21 
TB cases, 17 reported to have known their HIV status and would thus not have been 
accessing care for HIV testing. Thus they would not have benefited from intensified 
case finding for TB associated with HIV counseling and testing (HCT) as would have 
been the case in other studies addressing level 4 of the onion model (14,15). Even 
in high HIV prevalence settings, HIV negative patients comprise a large part of the 
TB burden and are an important driving force for transmission. These patients will be 
missed in intensified case finding focusing on HIV positive patients. 

Previously documented reasons for delayed diagnosis include patient delay factors 
or health system factors. Delay in seeking care for symptomatic tuberculosis can be 
ascribed to numerous factors (16) including unemployment, disconnection from 
the health system because of the lack of a regular source of care or patients thinking 
they can treat their own symptoms. Perceived costs of treatment and waiting times 
at facilities are also mentioned as barriers to accessing care. Research from Thailand 
reported patients should be better informed how to recognise TB symptoms to 
decrease patient delay (17). 

However, many symptomatic patients do access care but are not diagnosed in a 
timely manner (18). Increased doctors’ delay has been documented amongst the 
impoverished and less educated in China (19), while diagnostic delay in Zambia was 
significantly associated with female sex, lower education, more than six instances of 
accessing care, a diagnosis of TB on an outpatient basis and visits to a traditional healer 
or private doctor (20). A systematic review reported the main reason for diagnostic 
delay was repeated visits to the same healthcare facility combined with non-specific 
antibiotic treatment and no access to TB services (10). 
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Other studies have examined the diagnosis of TB as part of intensified case finding in 
HIV positive clients in healthcare facilities or in household contacts of  TB cases (14,15,21-
23). In our study however, although all the cases were symptomatic, none of the cases 
attended the facilities because of their respiratory symptoms and none were examined 
for their respiratory symptoms. We do not have data on why these cases did not report 
their symptoms to the healthcare staff, or reasons why the staff did not ask specifically 
about the presence of respiratory symptoms. It thus seems reasonable to suggest there 
should be activities inside the facilities to address these challenges – activities to inform 
clients about symptoms of TB and to encourage them to insist to be tested for TB, and 
activities to increase clinical suspicion of the staff.

The most important message of this study is that TB cases were missed within the 
facility. This fact opens the discussion around TB case finding, whether active or passive. 
Traditionally active case finding is seen as the recruitment and diagnosis of suspects 
through contact tracing or outreach activities, while passive case finding includes 
suspects accessing care for their respiratory symptoms and diagnosed within the 
facility. This study shows an even higher index of suspicion is needed within facilities 
to ensure that all cases who attend healthcare facilities, albeit not for their own health 
reasons, are diagnosed. This fact is further illustrated by a study which documented 
a smear positive mother transmitting TB to 4/6 infants in a kangaroo mother care 
unit in a tertiary hospital (24). An amalgamation of active and passive case finding 
is therefore needed, i.e. searching actively for cases who passively attend, within 
healthcare facilities. However, a study in Zimbabwe showed that even smear positive 
TB may be missed by provider-initiated symptom screening for TB (22). An equivalent 
initiative has been implemented in the Western Cape for HIV called ‘ACTS’, an acronym 
for ‘advise, consent, test, support’. This program is provider-initiated and every person 
who attends healthcare is advised to test for HIV, not only the symptomatic or ‘high 
risk’ clients. A similar approach may be needed for TB. 

Limitations
A higher proportion of participants than initially assumed were respiratory 
symptomatic. However, considering the response rate of 14%, it may be that more 
of the non-responders were asymptomatic. Participants could also have opted not to 
take part in the study because of time constraints, the possibility of stigma connected 
to being witnessed delivering a sputum bottle or not recognising the value of taking 
part in research activities.

In view of the high prevalence of TB in this setting, the yield of TB cases may be lower 
in other settings with a lower prevalence. In a study done in Botswana (25) where 
universal TB screening was incorporated into routine clinic activities, the number of TB 
cases identified was few. However, 53-65% of patients identified for TB examinations 
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were not investigated. Our study was limited to two primary healthcare facilities in 
one subdistrict and therefore has limited generalisability, also because of the poor 
response rate. Further investigations to determine whether the results have external 
validity are therefore required.

Recommendations
Given the high TB burden, diagnosing people with TB who already attend healthcare 
is essential. It should be recognised that many patients seek care for other reasons, but 
it remains the responsibility of healthcare staff to offer a comprehensive service which 
includes diagnosing infectious TB cases. Many patients seem not to seek care for their 
respiratory symptoms, ignoring early onset of coughing and other symptoms (16,23). 
More could be done to educate people attending services about their symptoms and 
the importance of TB testing. Healthcare workers should be trained repeatedly to 
suspect clients with a chronic cough, as well as clients with any number of symptoms. 

However, until we redefine case finding so that it includes actively searching for 
cases within facilities, we will continue to miss cases because of the shifting of 
responsibilities, i.e. healthcare staff blaming patients not speaking out about their 
symptoms and patients blaming healthcare staff for not asking. Searching for and 
finding cases should therefore be shared between patients and healthcare staff with 
both groups accepting their mutual responsibility. 
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aBSTracT

Setting
Primary healthcare facilities in five provinces of South Africa.

Objective
To investigate the association between the proportion of sputum results with a 
prolonged smear turnaround time and the proportion of smear positive TB cases who 
are initially lost to follow-up.

Design
The unit of investigation was a primary healthcare facility and the outcome was the 
initial loss to follow-up rate per facility which was calculated by comparing the sputum 
register with the TB treatment register. A prolonged turnaround time was defined as 
more than 48 hours from when the sputum sample was documented in the sputum 
register until the receipt of the result at the facility. 

Results
The mean initial loss to follow-up rate was 25% (95%CI 22-28%). Turnaround time 
overall was inversely associated with initial loss to follow-up (p=0.008), when 
comparing Category 2 (33-66% turnaround time within 48 h) with Category 1 (0-32%) 
(OR 0.73, 95%CI 0.48-1.13, p=0.163) and when comparing Category 3 (67-100%) with 
Category 1 (OR 0.62, 95%CI 0.39-0.99, p=0.045). The population preventable fraction 
of initial loss to follow-up (when turnaround time was <48h in ≥67% of smear results) 
was 21%. 

Conclusion
Initial loss to follow-up should be reported as part of the TB programme to ensure that 
patients are initiated on treatment to prevent transmission within communities.
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inTroducTion
The management of tuberculosis (TB) in high prevalence settings such as South Africa 
depends on the rapid diagnosis and treatment of all infectious TB cases, especially 
those with smear positive disease (1-3). Patients with at least one positive smear should 
promptly be started on treatment (3,4). Although most TB programmes depend on 
passive case finding, National TB Programmes need to be active in developing strategies 
that make patients willing and able to access and attend its services (5). 

Patients who are documented as sputum smear positive in the laboratory sputum 
register, but who do not appear in the TB treatment register and are therefore not 
registered as having started on treatment (6) may continue to spread tuberculosis in 
the community. However, in South Africa laboratory sputum registers are not routinely 
used because of the central structure of laboratories. Instead, sputum registers are 
used at facility level as advised (7). A study in Botswana (1) showed 27% of smear-
positive TB patients had treatment delay or no evidence of treatment initiation and 
a study by Botha (8) documented an initial loss to follow-up (default) rate of 17% in 
selected facilities in the Western Cape, South Africa. 

Health service related factors may constrain patient efforts to attend TB services (5). 
Edginton (9) demonstrated previous negative experiences at primary healthcare 
facilities in Gauteng, South Africa, are related to non-attendance of patients referred 
to these facilities. Documented service related factors associated with initial loss to 
follow-up (ILF) In Malawi are hospital admission, delays in the receipt of sputum results 
and misinterpretation by healthcare workers that negative smear results exclude 
tuberculosis (10). 

Health systems delay can be defined as the sum of the time from contacting the health 
services to diagnosis (excluding patient delay) and time from diagnosis to initiation 
of treatment (11-13). One of the routine indicators in the South African National TB 
management guidelines is the sputum turnaround time (TAT) defined as the duration 
of time from taking a smear specimen from the patient (or receiving it at the facility if it 
is an early morning sputum) to receiving the result back at the facility (14). As TAT could 
be one of the factors contributing to delay in treatment initiation, the guidelines advise 
a target of 80% of smear results to be back at the facility within 48 hours. Improving 
TAT would, by definition, reduce the amount of time from the initial consultation to 
the final diagnosis (15) which suggests that fewer patients would be ILF because of 
delayed diagnosis. In addition, starting diagnosed patients on treatment rapidly by 
decreasing treatment initiation delay (11) may result in better treatment outcomes by 
decreasing loss to follow up during treatment. 
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A median time to initiation of treatment of five days in smear positive patients was 
demonstrated in the Western Cape, South Africa (11). It could be expected that if 
diagnosis is delayed by a long TAT with a corresponding delay in treatment initiation, 
loss to follow up may occur while patients wait for results and/or treatment initiation. 
The primary hypothesis of this study was therefore that in primary healthcare facilities 
there is an association between the proportion of sputum results with a prolonged 
smear TAT and the proportion of smear positive TB cases who are ILF. Secondly we 
hypothesized that there is an association between the proportion of patients with 
delayed initiation of treatment and a high ILF rate. To our knowledge, this is the first 
report of a study determining the association between TAT and ILF. 

METhodoloGY

Study Population
133 primary healthcare facilities in five provinces of South Africa (Limpopo, 
Mpumalanga, Kwazulu-Natal, Northwest and Eastern Cape) were visited between 
May 2009 and September 2009. Preventive care and TB/HIV services are included 
in the services delivered at these facilities which were systematically selected with 
equal probability from a list of facilities supported by University Research Corporation 
(URC) as part of the TASC II (16) program. The TASC II program provided assistance 
to the South African National TB Programme to strengthen local capacity to detect, 
treat and prevent TB as well as integrate TB treatment with HIV management. Districts 
supported by the TASC II program were identified by the National TB Programme as 
poorly performing areas with regards to standard TB indicators. Facilities were either 
urban or rural, of various sizes (defined by number of TB patients) and made use of 
the centralised laboratory system, that is to say sputum samples and results had to be 
transported to and from laboratories. 

Definitions
A person with a smear positive sputum result in the sputum register was defined as ILF 
when there was no documentation in the TB treatment register of starting treatment 
within one month of the receipt of the smear result by the facility. A prolonged TAT was 
defined as a TAT longer than 48 hours from when the sputum sample was documented 
in the sputum register until the receipt of the result at the facility. Treatment initiation 
delay was defined as treatment initiated more than five days after smear positive 
diagnosis as documented in the sputum register. 
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Study design
In this ecological study the unit of investigation was a primary healthcare facility and 
the outcome was the rate of ILF per facility, expressed as a percentage as in other 
literature on the topic (5,8,17). The ILF rate was calculated by comparing the sputum 
register with the TB treatment register. Individuals who had at least one smear 
positive result in the sputum register but who were not entered into the treatment 
register within one month of the facility receiving their results were regarded as ILF 
and used as the numerator. The total number of individuals who had samples sent for 
examination and were recorded as sputum smear positive in the sputum register for 
the same period was used as the denominator. 

Sample size 
The study was carried out as part of a larger study: thirty facilities were systematically 
selected per province except for the Northwest province where only sixteen facilities 
were supported by URC and all were selected. Three facilities were not visited because 
of time constraints. 

Data collection
Each facility was visited by one of two research teams (trained and supervised to collect 
data accurately and consistently). Apart from the data needed for the ILF, the following 
determinants were captured: proportion of sputum smear results returned to the 
facility within 48 hours of being sent to the laboratory (as documented in the sputum 
register), proportion of smear positive TB patients started on treatment within five days 
of the facility receiving their sputum result (as documented in the sputum register and 
treatment register), whether it was rural or urban, in which province, whether it had 
a fast track/triage system for those eligible for TB examination and patients, and the 
number of TB patients per quarter (as a proxy for the size of the facility). 

Statistical analysis
Data entry and analysis were performed using a SQL database and STATA 12. A 
multivariable binomial regression model was populated with data of 122 facilities. 11 
facilities were excluded as they had missing outcome data. Because this evaluation 
was part of a bigger study, data on ILF were included only after the first data report 
(after the first six facility visits) when it was raised as a possible issue. At some of the 
other facilities data were missing because of incomplete or absent registers. There was 
no reason to suspect a different profile in the facilities not included in the analysis and 
the research team was retrained after the first data report to improve data accuracy 
and completeness. 
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Turnaround time (TAT) was divided into three categories depending on the proportion 
of sputum smear results returned to the facility within 48 hours. Category 1 indicated 
0-32% of smear results were returned within 48 hours (52 facilities). Category 2 
indicated 33-65% of smear results were returned within 48 hours (42 facilities). 
Category 3 indicated 66-100% of smear results were returned within 48 hours (28 
facilities). These categories were selected rather than the standard two categories for 
TAT (<80% vs ≥80% returned within 48 hours) to obtain an even distribution of results 
since there were only seventeen facilities with a turnaround time ≥80%. 

Ethics
The study was approved by the Stellenbosch University Health Research Ethics 
Committee and the Ethics Advisory Group of the International Union against 
Tuberculosis and Lung Disease. 

rESulTS
122 primary healthcare facilities across five provinces of South Africa were included in 
the analysis (Table 1). The mean proportion of TB patients started on treatment within 
five days of the facilities receiving the results was 44% (95%CI 39-49%). The mean 
proportion of TB suspects whose results were returned to facilities within 48 hours 
was 43% (95%CI 38-48%). The mean number of TB patients per facility per quarter was 
53 (95%CI 41-65). The proportion of facilities with a fast track/triage was 87% with the 
mean ILF for these facilities 24% (95%CI 21-27%). More than half (57%) of the facilities 
included in the study were rural with the mean ILF for these facilities 27% (95%CI 22-
32%). The mean ILF rate was 25% across provinces varying from 21% to 28%. 

The main determinant of ILF was the proportion of sputum smear results (%) returned 
to each facility within 48 hours of the sample being sent to the laboratory. figure 
1 shows a non-linear relationship between the proportion of smear results returned 
to the facility within 48 hours as a continuous variable (%) and the ILF rate (%) in a 
lowess scatterplot. The relationship is inverse, in other words, the higher the TAT (the 
more results returned within 48 hours), the lower the ILF rate with coefficient520.22 
(95%CI 20.34 2 20.10). 
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Table 1: Distribution of primary healthcare facility characteristics 

variables Mean Median 95% ci n (%) Mean ilf 95%ci

continuous variables

% Treatment start 
within 5 daysα

44.4 42.9 39.4 49.3

% Results at facility 
within 48 hrs

42.8 40.0 37.8 47.8

Number of TB patients 
per quarterβ

52.8 27.5 40.6 65.1

Binary variables

Fast track/triage at 
facility α

Yes 98 (87%) 23.8 20.7 27.3

No 15 (12%) 35.0 25.8 45.4

Facility rural or urban

Rural 69 (57%) 26.7 22.2 31.7

Urban 53 (43%) 23.8 19.7 28.3

categorical variable

Province 122 
(100%)

24.9 21.8 28.3

1 26 (21%) 23.0 17.0 30.3

2 23 (19%) 34.4 25.7 44.3

3 28 (23%) 21.4 17.1 26.4

4 29 (24%) 28.8 19.8 39.9

5 16 (13%) 24.1 18.5 30.9

αmissing value = 1, βmissing values = 4, ILF: initial loss to follow-up rate (per cent)
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figure 1: LOWESS scatterplot of the association between the proportion of smear results returned to 
facilities within 48 hours and the initial loss to follow-up rate (%)

When looking at univariable associations with ILF as outcome, in addition to TAT, the 
number of TB patients and whether there was a fast track/triage at a facility were 
significant (Table 2). TAT was categorised to ease interpretation after a significant 
association (OR=0.99, 95%CI 0.985-0.995, p<0.001) was established as a continuous 
variable. TAT was overall inversely associated with initial loss to follow-up (p=0.001) 
with an OR=0.57 (95%CI 0.38-0.85) and p=0.007 when comparing category 2 (33-
66%) with category 1 (0-32%) and an OR=0.51 (95%CI 0.35-0.74) with p=0.001 when 
comparing category 3 (67-100%) with category 1 (0-32%). 

Province 2 had a significantly higher odds for ILF in association with TAT compared 
to province 1 with OR=1.76 (95%CI 1.01-3.05) and p=0.045. However, province was 
not significantly associated with ILF overall (p=0.095). Whether treatment was 
started within five days of the facility receiving the result was borderline significant 
with OR=0.99 (95%CI 0.98-1.00) and p=0.054, and there was no association with the 
geographical location of the facility (rural or urban). 

In the multivariable model TAT remained significant. Turnaround time overall was 
inversely associated with initial loss to follow-up (p=0.008), when comparing Category 
2 (33-66% turnaround time within 48 h) with Category 1 (0-32%) (OR 0.73, 95%CI 0.48-
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1.13, p=0.163) and when comparing Category 3 (67-100%) with Category 1 (OR 0.62, 
95%CI 0.39-0.99, p=0.045). The population preventable fraction of initial loss to follow-
up (when turnaround time was <48h in ≥67% of smear results) was 21%, that is to say, 
the ILF rate would decrease by 21% in this population if the TAT is <48h in ≥67% of 
smear results (calculation not shown).

Table 2:  Univariable and multivariable binomial regression model with initial loss to follow-up rate (%) 
as outcome

univariable Multivariable

variables* odds 
ratio

robust 
SE

P-value 95% ci odds 
ratio

robust 
SE

P-value 95% ci

Turnaround time 
within 48 hours (%)

overall 
p=0.001

overall 
p=0.008

Category 2 (33-66%) 0.57 0.12 0.007 0.38 0.86 0.73 0.16 0.163 0.48 1.13

Category 3 (67-100%) 0.51 0.10 0.001 0.35 0.74 0.62 0.15 0.045 0.39 0.99

Treatment started 
within 5 days (%) α

0.99 0.00 0.054 0.98 1.00 1.00 0.00 0.227 0.99 1.00

Number of TB 
patients β

0.84 0.06 0.009 0.73 0.96 0.91 0.11 0.454 0.72 1.16

Fast track for TB 
patients at facility 
(Y/N) α

0.58 0.14 0.021 0.37 0.92 0.72 0.20 0.250 0.41 1.26

Facility rural or urban 0.86 0.15 0.363 0.61 1.20 0.94 0.18 0.764 0.64 1.38

Province overall 
p=0.095

Province 2 1.76 0.49 0.045 1.01 3.05 1.10 0.36 0.778 0.57 2.10

Province 3 0.91 0.21 0.688 0.57 1.44 0.74 0.18 0.212 0.47 1.18

Province 4 1.36 0.42 0.330 0.73 2.50 0.73 0.24 0.348 0.39 1.40

Province 5 1.07 0.27 0.801 0.65 1.75 0.92 0.23 0.728 0.56 1.50

*reference categories not shown, αmissing value = 1, βmissing values = 4

diScuSSion
We documented a mean ILF rate of 25% (22-28%) at primary healthcare facilities in 
five provinces of South Africa. Smear positive TB patients are the most infectious 
and this study indicates that one out of four of these patients were not started on 
treatment at the facility of diagnosis within one month of being diagnosed. This clearly 
highlights a challenge that needs to be addressed. It also suggests that ILF should be 
investigated in other settings, especially high-burden HIV settings where transmission 
to immunocompromised individuals may take place. This is underscored by a recent 
study from Ghana (18) indicating an ILF rate of 38% at a hospital. However, ILF cannot 
be addressed in isolation. 
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The association between the sputum smear TAT and the ILF rate could be explained 
by health system and patient factors. For instance, if results are delayed, healthcare 
workers who may be already overwhelmed because of staff shortages, may find it 
difficult to keep track of all patients who should be contacted to initiate treatment. 
In turn, if patients do not receive their results within the specified time period of 
48 hours, they may not return assuming that the result is negative. If they have to 
return to facilities on numerous occasions to enquire about results, they may not be 
enthusiastic about starting treatment.

This association could partially be addressed by decreasing the sputum smear TAT. 
However, in the South African system where laboratories are centralised, this may not 
be an easy target to achieve. Alternative strategies such as point-of-care diagnosis 
with microscopy or other diagnostics could be a solution and should be investigated 
(19). The recent introduction of short message service (SMS) printers at facilities may 
improve TAT, but if TAT is not addressed it could lead to an increase in severity of 
pulmonary TB as well as transmission within communities (20). One should however 
take into account that the association between TAT and ILF could be confounded by 
other variables, such as the number of staff available or the training of staff. It would 
be prudent to measure such confounders in future studies. 

The province with the highest ILF rate (34%) showed a significant association between 
TAT and ILF in the univariable analysis (OR=1.76 with 95%CI 1.01-3.05 and p=0.045). 
In 2009, this was one of the provinces which reported the lowest level of satisfaction 
with public healthcare and where the utilisation rate of primary healthcare facilities 
for ≥5 year olds was lowest (21). The number of professional nurses was 118.5/100000 
population, the second lowest amongst all provinces. These factors may have 
contributed to the high ILF at the facilities and TB management at provincial level 
should be effectively monitored to ensure equity of care for TB patients in all the 
provinces.  

Limitations
This was an ecological study limited by the fact that only the TB treatment register 
of the specific facility where the sample was taken, was evaluated. TB patients might 
have started treatment elsewhere, which would mean the ILF rate was overestimated. 
Because of the sampling frame, study results would be generalisable to the population 
of health facilities supported by URC and not to all primary healthcare facilities in 
South Africa. 
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Recommendations
ILF should be reported as part of the TB programme to ensure that all patients are 
accounted for and traced to initiate treatment. Factors associated with ILF, such as a 
prolonged sputum smear TAT, should be addressed in the TB programme in order to 
decrease health system delay. 

This study generated hypotheses about the etiology for high ILF rates. An intervention 
study could evaluate novel methods such as mobile technology to investigate the 
effect on TAT and time to initiation of treatment. Future research could include the 
linking of the electronic TB register with the National Health Laboratory System 
database in order to validate the results. Similar studies in other high burden TB/HIV 
settings with decentralised laboratory systems could indicate whether a decentralised 
system could perform better. 
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aBSTracT 

Background
Challenges exist regarding TB infection control and TB in hospital-based healthcare 
workers in South Africa. However, few studies report on TB in non-hospital based 
healthcare workers such as primary or community healthcare workers. Our objectives 
were to investigate the implementation of TB infection control measures at primary 
healthcare facilities, the smear positive TB incidence rate amongst primary healthcare 
workers and the association between TB infection control measures and all types of 
TB in healthcare workers.

Methods
One hundred and thirty three primary healthcare facilities were visited in five 
provinces of South Africa in 2009. At each facility, a TB infection control audit and 
facility questionnaire were completed. The number of healthcare workers who had 
had TB during the past three years was obtained. 

Results
The standardised incidence ratio of smear positive TB in primary healthcare workers 
indicated an incidence rate of more than double that of the general population. In 
a univariable logistic regression, the infection control audit score was significantly 
associated with reported cases of TB in healthcare workers (OR=1.04, 95%CI 1.01-1.08, 
p=0.02) as was the number of staff (OR=3.78, 95%CI 1.77-8.08). In the multivariable 
analysis, the number of staff remained significantly associated with TB in healthcare 
workers (OR=3.33, 95%CI 1.37-8.08).

Conclusion
The high rate of TB in healthcare workers suggests a substantial nosocomial 
transmission risk, but the infection control audit tool which was used did not perform 
adequately as a measure of this risk. Infection control measures should be monitored 
by validated tools developed and tested locally. Different strategies, such as routine 
surveillance systems, could be used to evaluate the burden of TB in healthcare workers 
in order to calculate TB incidence, monitor trends and implement interventions to 
decrease occupational TB. 
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inTroducTion
The World Health Organisation (WHO) and Centers for Disease Control and Prevention 
(CDC) have proposed practical low cost interventions to reduce nosocomial 
transmission of Mycobacterium tuberculosis in resource limited settings (1-2). TB disease 
in healthcare workers can be used as a proxy to quantify nosocomial TB transmission 
in low and middle income countries such as Thailand and Malawi (3). Evidence from 
systematic reviews reinforces the need to design and implement simple, effective and 
affordable TB infection control measures in healthcare facilities (3-5). Such measures 
conserve resources in terms of direct and indirect costs and reduce the TB burden (1). 
To evaluate the effectiveness of infection control measures, the CDC has developed a 
TB infection control audit tool (2) aiming to be applicable to different settings. 

Studies have been published internationally and in South Africa about TB in healthcare 
workers. Five per cent of healthcare workers in a study from Uganda reported having 
had TB in the past five years (6). In Nigeria 3.3% of healthcare workers were acid 
fast bacilli positive (7). A study from India showed healthcare workers employed in 
medical wards who had frequent contact with any patients had a higher odds of 
developing TB (8). A case series from KwaZulu-Natal in South Africa (9) reported the 
psychosocial impact of drug resistant TB on five human immunodeficiency virus (HIV) 
negative doctors who, after they recovered from their illness and because of their 
disease experience, had minimal or no involvement with TB patients. Another study 
(10) reported four of the ten extremely drug resistant TB cases had died by the time of 
publication. O’Donnell et al (11) reported an incidence rate ratio of 5.5 for multidrug-
resistant (MDR) TB hospital admissions in healthcare workers compared to the general 
population. A tertiary hospital reported both drug sensitive and drug resistant TB were 
potentially transmitted nosocomially (12,13). Other studies reported poor infection 
control measures at primary healthcare facilities (14) and TB hospitals admitting drug 
resistant cases (15).  

Substantial challenges thus exist regarding TB infection control and TB in hospital-
based healthcare workers in South Africa. However, few studies report on TB in non-
hospital based healthcare workers such as primary or community healthcare workers. 
A standardised TB incidence ratio of 2.5 was shown amongst community-based 
healthcare researchers in comparison to the communities where they worked and 
lived (16) and a TB prevalence of 5% was documented amongst community healthcare 
workers in Cape Town (17) albeit in a small non-representative sample. TB in primary 
healthcare workers has not yet been described in the South African context. 
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The objectives of this study were to investigate the implementation of TB infection 
control measures at primary healthcare facilities in five provinces of South Africa, the 
smear positive TB incidence rate in healthcare workers and the association between 
TB infection control measures and all types of TB in healthcare workers. 

METhodoloGY

Study design
In a cross sectional ecological study 133 primary healthcare facilities were visited 
between May and September 2009 in five provinces of South Africa. The unit of 
investigation was a primary healthcare facility. The facilities were systematically 
sampled from a list of facilities supported by the University Research Corporation 
(URC) as part of their Technical Assistance and Support Contract II, Tuberculosis 
(TASC II TB) project (18) in districts identified by the National TB Crisis Plan as areas 
performing poorly with regards to the TB Programme and comprising 20% of the TB 
burden in South Africa. The TASC II TB project reached 659 facilities in 11 districts over 
a period of five years. 

Definition
A healthcare worker was defined as any individual employed at the facility. 

Exposures and outcome
At each facility, the research team completed a TB infection control audit and a 
questionnaire answered by the facility manager or another focal person, who was 
defined as a healthcare worker working in the TB room with knowledge of the TB 
programme. 

The main determinant, TB infection control measures, was evaluated by using an 
audit tool at a single point in time at each facility. This tool included questions about 
administrative, environmental and personal respiratory protection measures as 
specified in the CDC template (2). A score was calculated by counting the number 
of ‘yes’ responses (indicating a good infection control measure) which was scored 
1, ‘no’ responses (indicating a poor infection control measure) which was scored -1 
and ‘unknown’ or ‘not applicable’ responses which was scored 0. The total score was 
treated as a continuous variable with a higher score indicating better infection control. 
Items were not weighted. The research team received training on how to perform an 
infection control audit before the study commenced.
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Information on smear positive TB and other types of TB amongst healthcare workers 
was captured in the questionnaire. The total number of healthcare workers who 
had had TB at each facility during the period January 2006 through December 2008 
was obtained from the questionnaire. Individual data of healthcare workers were 
not captured. TB infection status or HIV data were not included in the study. The 
questionnaire included questions on the number of staff at each facility by calendar 
year, the geographical location of the facility (rural/urban and province), whether the 
facility had a fast track for TB suspects or patients and/or an area designated specifically 
for the treatment of TB patients, whether the facility had an occupational health policy 
and whether healthcare workers were screened for TB. 

Sample size calculation
The hypothesis was that the Pearson correlation coefficient between the TB incidence 
rate in healthcare workers and the audit tool score would be ρ=0.3, with the assumption 
that a linear relationship exists. A 0.05 two-sided Fisher’s z-test had 90% power for 
ρ=0.3 to be significant when the sample size was 113; 30 facilities were systematically 
sampled from a random starting point on the URC list for each province except for 
province 5 where only 16 facilities were supported by URC (where all were selected). 
A total of 136 facilities were selected to account for the possibility of missing data. 
Of these facilities, 133 were visited of which 12 were excluded from the analyses as 
they were unable to provide any information about TB in healthcare workers. Three 
facilities in Mpumalanga province were not visited because of time constraints. 

Data analysis
The smear positive TB incidence rate in healthcare workers was calculated as the number 
of healthcare workers who developed smear positive TB (numerator) divided by the 
total number of healthcare workers (denominator) for each of the three years included 
in the study. In order to compare the TB incidence rate among healthcare workers with 
the general population the incidence rate was combined for all facilities. For comparison 
with the general population we calculated a standardised incidence ratio, using indirect 
standardisation for age and sex, as was done in other studies (19,20).  

As 64% of the facilities did not report any healthcare workers with TB (all types) for the 
study period, we then classified the facilities according to whether or not there was 
any healthcare worker with TB in the study period. This binary variable was used as the 
primary outcome in a logistic regression analysis. The audit tool score (as a continuous 
variable) was investigated as primary determinant. The association between the score 
and smear positive TB incidence for 2008 is graphically demonstrated by categorising 
the score into quintiles (figure 1). The variable for the number of staff per facility did 
not have a normal distribution and was logistically transformed (natural logarithm) 
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before inclusion as a possible confounder. For the multiple imputation of missing 
values, the imputation model included all the variables investigated as predictors of 
TB in healthcare workers. Data were analysed using STATA 12 (StataCorp LP, College 
Station, TX, USA). 

Ethics
Ethics approval was obtained from Stellenbosch University (N09/02/038) and the Ethics 
Advisory Group of the International Union against Tuberculosis and Lung Disease 
(03/2009). Questionnaires were barcoded for confidentiality and quality control. 
Facility names were deleted from the database and anonymously linked by the data 
manager. Facility managers signed informed consent prior to enrollment. Permission 
to do the study in the provinces was obtained via the National Department of Health.

rESulTS

TB incidence rate
The smear positive TB incidence rate per 100,000 persons was 834 (95%CI 431-1457) 
in 2006, 1,092 (95%CI 647-1725) in 2007 and 887 (95%CI 517-1420) in 2008 across 
the five provinces for all facilities (including those where there were no TB cases in 
healthcare workers). The standardised incidence ratio (Table 1) was 2.4 (95%CI 1.2-4.2) 
in 2006, 3.0 (95%CI 1.8-4.7) in 2007 and 2.3 (95%CI 1.3-3.7) in 2008. 

Table 1: Standardised incidence ratios (SIR) for smear positive TB in healthcare workers (January 
2006-December 2008). 

Year 
observed

number 
of staff in 

study
observed 

cases
Expected 

cases Sir
chi-

square P-value 95% ci

2006 1439 12 5.04 2.38 9.62 0.002 1.23 4.16

2007 1649 18 6.04 2.98 23.65 <0.001 1.77 4.71

2008 1917 17 7.41 2.29 12.41 <0.001 1.34 3.67

Infection control
The range of the total score of the audit tool was -22 to +51 (Table 2). The mean 
number of staff per facility was 17 (IQR 8-23) at the visit. Forty four facilities (36%) had 
had healthcare workers with TB disease in the study period. Sixty six facilities (55%) 
were urban. Facilities were distributed across provinces with the most facilities from 
province 1 (n=28) and fewest from province 5 (n=14). Seventy seven facilities (64%) 
had a TB area/room and 106 (88%) a fast track for TB suspects/patients. Forty eight 
facilities (40%) had an occupational health policy and 43 (36%) reported TB screening 
for healthcare workers. 
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Table 2: Descriptive characteristics of facilities included in the analysis (n=121)

  range Mean (Sd)*

Infection control audit tool score  

 total (-22;51) 9 (12)

 administrative (-4;19) 8 (4)

 environmental (-9;16) 6 (4)

 personal (-9;8) -3 (3)

Number of staff (25 missing) (3;124) 17 (15)

  number %

Facility with TB in HCW    

 yes 44 36

 no 77 64

Geographical location    

 urban 66 55

 rural 55 45

Province    

 1 28 23

 2 24 20

 3 26 21

 4 29 24

 5 14 12

TB area/room at facility    

 yes 77 64

 no 44 36

Fast track for TB patients (1 missing)    

 yes 106 88

 no 14 12

Occupational health policy (26 unknown)    

 yes 48 51

 no 47 49

TB screening for HCW (1 missing)    

 yes 43 36

 no 77 64

*SD = standard deviation
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Administrative control measures were assessed with the audit tool (Table 3). The major 
differences between facilities were: 28 of 44 facilities with TB cases (64%) separated 
infectious patients from non-infectious patients compared to 32 of 77 facilities (42%) 
without TB cases. Forty facilities (91%) with TB cases trained healthcare workers on 
infection control compared to 50 facilities (65%) without TB cases. With regards to 
environmental controls, 33 facilities (75%) with TB cases reported the use of cross 
ventilation compared to 52 facilities (68%) without TB cases. 23 (52%) facilities with 
TB cases used propeller fans compared to 56 (73%) facilities without TB cases. Thirty 
facilities (68%) with TB cases reported exhaust ventilation systems compared to forty 
two facilities (55%) without TB cases. Eight facilities (18%) with TB cases had previously 
had audits compared to one facility (1%) without TB cases. Overall only four facilities 
(3%) had an area designed to separate possible or confirmed MDR-TB cases and six 
facilities (5%) had a written respiratory protection plan. 

Infection control measures as risk factors for TB
The smear positive TB incidence for 2008 per audit tool score quintile is shown in  
figure 1, indicating a similar TB incidence in all quintiles. In the univariable logistic 
regression (Table 4 on page 73), the total audit tool score as a continuous variable 
was significantly associated (per unit of the score) with whether the facility had TB 
(all types) in healthcare workers (OR=1.04, 95%CI 1.01-1.08, p=0.02) implying that 
facilities with TB cases had better infection control measures. Significant associations 
were observed for environmental controls (OR=1.12, 95%CI 1.01-1.23), number of staff 
at a facility (OR=3.78, 95%CI 1.77-8.08) which means a 3.78 increase in odds for every 
2.72 (natural logarithm) increase in the number of staff, and whether a facility had a TB 
room/area (OR=3.24, 95%CI 1.37-7.65). 

Although facilities with more staff had a higher score (coeff 5.69, 95%CI 2.24-9.14, 
p=0.002), there was no interaction between the number of staff and the score in 
association with whether the facility had any TB cases (data not shown). The separate 
scores for administrative and personal controls, geographic location and whether a 
facility had a fast track for TB patients, an occupational health policy or health screening 
for staff were not associated with TB in healthcare workers. In the multivariable analysis, 
the number of staff (OR=3.33, 95%CI 1.37-8.08) remained significantly associated with 
TB in healthcare workers indicating a confounding effect. 
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Table 3: Distribution of infection control measures among facilities with/out TB in healthcare workers 

  With TB (44) Without TB (77)
  Yes* % Yes %

administrative controls      

Is there someone in charge of TB infection control at the 
healthcare facility? 21 48 34 44

Is there a written TB infection control plan in place? 9 20 14 18

Does the infection control plan or standard clinic procedures, if no 
specific infection control plan is in place, allow for:      

  Early detection of TB as evidenced by time between taking of 
sputum and receiving of results? (i.e. within 48 hours) 29 66 55 71

  Early treatment of infectious TB patients? (i.e. treatment started 
within 5 days of receiving positive sputum results)? 37 84 65 84

 Separation of Infectious patients? 28 64 32 42

  With reference to MDR-TB patients: Are patients separated in the 
clinic whilst they are awaiting transport to a MDR-TB treatment 
facility? 17 39 35 45

Are healthcare workers trained on TB infection control practices? 40 91 50 65

Are patients and/or their families educated on TB infection control 
practices? 44 100 77 100

Environmental controls      

What environmental controls are used in the healthcare facility?      

 Natural Ventilation 44 100 75 97

 Open Windows Policy 35 80 62 81

 Cross Ventilation 33 75 52 68

 Propeller Fans 23 52 56 73

 Exhaust Ventilation Systems 30 68 42 55

 HEPA Filters 0 0 1 1

 UVGI Lights 13 30 5 6

Are there any areas designed to separate MDR-TB suspected or 
confirmed cases? 2 5 2 3

Does the facility have access to an engineer or other professional 
for assistance on design, installation, maintenance and assessment 
of environmental controls? 41 93 73 95

Are environmental controls periodically maintained with results 
written down in registers? 16 36 19 25

Personal respiratory protection      

Is there a written respiratory protection plan in the healthcare 
facility? 1 2 5 6

Are there N95 respirators available for staff to use? 13 30 24 31

Are staff trained on respiratory protection? 9 20 11 14

Previous infection control audits      

Has a TB infection control audit been performed at the healthcare 
facility? 8 18 1 1

*if not ‘yes’, participants could answer ‘no’ or ‘unknown’ which were grouped for this table
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figure 1: Smear positive TB incidenceα according to infection control audit tool score quintiles for 2008*

αSmear positive TB incidence did not differ significantly between quintiles

*A higher quintile is an indication of better infection control measures

diScuSSion 
In our study the standardised incidence ratio for smear positive TB in primary 
healthcare workers indicated an incidence rate more than double that of the general 
population for each of the three years. TB in healthcare workers (all types of TB) 
had a weak association with infection control measures in the unadjusted models, 
particularly with environmental measures, indicating the relative importance of these 
measures and mirroring findings showing the effectiveness of natural ventilation (21). 
Our results indicate that (i) occupational TB is concerning amongst primary healthcare 
workers and (ii) the audit tool did not perform as expected as a measure of nosocomial 
transmission risk since we found inverse associations, in other words the presence of 
nosocomial transmission risk was associated with better infection control measures. 

TB incidence in healthcare workers in South Africa was previously (1986-1997) 
reported (22) as significantly lower than in the general population (23), but in hospital-
based healthcare workers it increased from 1,024 to 1,641 per 100,000 (1999-2003), 
significantly higher than in the general population (24). In our study, we focused on 
healthcare workers at primary healthcare facilities, a cadre not previously investigated 
in South Africa. We showed an occupational risk of TB similar to the risk in hospital-based 
healthcare workers indicating an urgent need for interventions to limit occupational 
exposure. However, because of the high TB incidence in the general population in 
South Africa, ways of measuring occupational risk per se should be investigated. 
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Table 4: Logistic regression models with TB (all types) in healthcare workers as binary outcome (n=121 
facilities)

univariable Multivariableα 

or 95%ci P-value or 95%ci P-value

Audit tool score*

 Total 1.04 1.01 1.08 0.02 1.01 0.97 1.06 0.54

 Administrative 1.09 0.99 1.19 0.07

 Environmental 1.12 1.01 1.23 0.03

 Personal 1.04 0.91 1.20 0.54

Number of staff (log-
scale) 3.78 1.77 8.08 <0.01 3.33 1.37 8.08 0.01

Geographical location

 Urban 1.00

 Rural 1.33 0.63 2.80 0.45

 Province

 1 1.00
overall 
p= 0.01

overall 
p= 0.03

 2 0.66 0.18 2.37 0.52 0.86 0.20 3.79 0.84

 3 1.83 0.59 5.68 0.29 0.87 0.23 3.25 0.84

 4 0.95 0.30 3.02 0.93 0.91 0.22 3.77 0.90

 5 15.00 2.72 82.67 <0.01 11.15 1.84 67.39 0.01

TB area/room at 
facility

 no 1.00

 yes 3.24 1.37 7.65 0.01 1.67 0.52 5.43 0.39

Fast track for TB 
patients

 no 1.00

 yes 2.29 0.60 8.72 0.22

Occupational health 
policy

 no 1.00

 yes 1.61 0.73 3.53 0.24

TB screening for HCW

 no 1.00

 yes 1.92 0.89 4.15 0.10

*when the components of the audit tool were modelled separately in the multivariable analysis, none were significantly 

associated with the outcome or each other

αOnly the variables significantly associated with the outcome were included in the multivariable analysis. 
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Our study also focused on TB infection control. Infection control audits are characterised 
by a cycle of four parts (25)(26): (i) standards are set, (ii) infection control measures and 
outcomes are evaluated against these standards, (iii) measures are corrected if needed 
and (iv) re-auditing completes the cycle. In general, nosocomial infection rates are the 
outcome of primary interest for infection control audits (26), albeit the most difficult to 
evaluate. Repeated surveys could be used to measure and compare infection rates in 
healthcare workers (26)(27). Our study evaluated TB infection control measures taking 
into account that the South African Department of Health developed TB infection control 
and occupational TB guidelines in 2007 (28). According to an infection control audit 
cycle, we were evaluating the measures and outcomes against the standards. However, 
data on TB in healthcare workers were not routinely captured and we depended on 
information gathered from a focal person at each facility. This is in contrast to other 
areas, for instance a routine electronic notification system used in Samara Oblast 
(Russia) capturing individual demographic, clinical and epidemiological data, including 
employment information (29) to calculate TB incidence in healthcare workers. 

Of interest is the possible association between infection control measures and 
TB in healthcare workers. We could not identify studies where this association was 
investigated despite numerous studies on TB infection control (3)(4)(5)(14)(30) as 
proposed by the Stop TB 3 I’s strategy (31)(32). However, after adjusting for the number 
of staff per facility no association between the audit score and whether a facility had 
had healthcare workers with TB was found. These findings lead to speculation as to 
whether the tool was a sufficient indicator of infection control. 

Firstly, the question should be asked whether the same audit tool could be used 
in different contexts. In countries with a low TB incidence like the United States of 
America (USA), the implementation of infection control guidelines has proven to be 
effective in the prevention of outbreaks of nosocomial disease and in decreasing 
the rate of infection in healthcare workers (2) but a recent study comparing China 
with the USA (33) indicated that an infection control manual developed by the China 
Centers for Disease Control did not include data from China and was based mostly 
on expert opinion. Ideally countries should study local infection control measures to 
inform their guidelines and tools, for instance studies to identify problems, evaluate 
new policies and monitor the implementation of policies (33), rather than using tools 
developed for different health systems, disease burdens and resources. For instance, a 
tool derived from the CDC template but focusing on specific elements (developed by 
the Wits Reproductive Health and HIV institute) (34) could be evaluated in the South 
African context. Secondly, the rationale for doing infection control audits should be 
re-evaluated. If audits do not give an indication of disease in healthcare workers as a 
proxy for nosocomial transmission but are used only as a process management tool 
when healthcare workers are overburdened already, is it worthwhile? 
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Infection control is a cardinal part of healthcare facilities, whether hospitals or primary 
facilities. However, when evaluating the effectiveness of infection control measures 
the measurement tools should be validated before programmatic implementation 
to ensure that a false sense of security amongst healthcare workers does not mask 
nosocomial transmission. 

Limitations
Our study was limited by the measurement of TB in healthcare workers over a period 
of three years, while the infection control audit was done at a single point in time. 
Facilities may have changed their practices prior to the audit, for instance the facilities 
with the highest risk may have implemented infection control measures and these 
changes would not be reflected in our study, thereby introducing the possibility 
of reverse causality. Future investigators should consider prospective cohorts of 
healthcare workers with regular infection control audits and routine surveillance in 
health facilities.

We depended on information from a single source about TB in healthcare workers. 
This may have underestimated the number of healthcare workers with TB, but it also 
meant HIV status could not be captured. However, since other studies have indicated 
a similar HIV prevalence among healthcare workers as the general population (35)
(36) although not age/sex standardised, we do not expect that HIV has confounded 
the standardised incidence ratio or the absence of association with infection control 
measures. 

Implications
Effective infection control measures are essential at all health facilities especially in 
high TB/HIV prevalence settings. These measures should be monitored by validated 
tools tested locally. In our study, the infection control audit tool did not perform well 
as a measure of nosocomial transmission risk and poor infection control measures 
were not associated with TB in healthcare workers. Other strategies to document and 
monitor TB in healthcare workers should be explored, for instance repeated surveys 
of TB in healthcare workers which could give an indication of how infection control 
measures are functioning and/or improving. If the TB burden in healthcare workers in 
comparison to the general population continues to rise, one would assume that the 
nosocomial transmission risk is increasing. Such surveys would be in addition to what is 
already occurring at facilities, requiring additional resources and planning in advance. 
A national TB prevalence survey would not give an adequate baseline estimate of TB 
in healthcare workers since too few healthcare workers would be included in such 
a survey. We thus recommend that the Department of Health should implement a 
confidential surveillance system for the routine documentation of TB in healthcare 
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workers at facilities. Resources should be made available for diagnostic and therapeutic 
care for healthcare workers without subjecting them to stigmatisation. Such a routine 
surveillance system could be used to calculate TB incidence in healthcare workers and 
monitor trends.
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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 

PhD Thesis_Mareli_Claasen_2013.indd   85 2013/09/27   11:43 AM



86

Chapter 6

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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The studies in this thesis showed that the prevalence of culture positive TB was higher 
than expected in two communities in the Western Cape province of South Africa and 
the rate of diagnosing patients by the health services lower than expected. In the 
same province, a survey showed that a group of symptomatic individuals exiting two 
primary healthcare facilities had a 5% prevalence of culture positive TB and that these 
individuals had not been tested for TB within the health facilities they attended. In 
five other provinces of South Africa, the initial rate of loss to follow-up after diagnosis 
was on average 25%. Facilities with longer sputum smear turnaround times tended to 
have a higher initial loss to follow-up. 

When interpreting the thesis findings with the onion model, a framework to assess the 
fraction of TB cases accounted for in notification data illustrated in figure 1 (1), it can 
be estimated that of all prevalent TB cases in the study populations, at a given point 
in time, approximately 22% are asymptomatic, 44% symptomatic without having 
attended the health services, 4% symptomatic and having attended the health service 
but not yet diagnosed, 9% having been diagnosed, but not yet started on treatment, 
and 22% having started on treatment. These estimates are crude approximations, 
depending in part on HIV prevalence which is known with uncertainty and in part on 
variation in space and time which was captured insufficiently by the relatively small 
studies.

figure 1: Onion Model - a framework to assess the fraction of TB cases accounted for in notification data
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The thesis showed that case finding in the communities in South Africa where these 
studies were done, was inadequate, although the national proportion of cases 
detected has been estimated at 69% by the WHO (2). A national prevalence survey 
to determine the level of case finding overall, and to identify target groups and areas 
for improved case finding is recommended by the WHO (3) and underscored by the 
findings.  

Facilities with a longer sputum turn around time tended to have higher rates of initial 
loss to follow-up. The TB incidence among healthcare workers at primary healthcare 
facilities in five provinces was about 2.5 times higher than the general population. 
The incidence of TB among healthcare workers was not associated with the infection 
control measures instituted at facilities. In communities in the Western Cape province, 
a higher burden of TB was demonstrated amongst community based health research 
fieldworkers than in the population where they worked . 

These findings mirror discussions in a current series on TB case finding in the 
International Journal of Tuberculosis and Lung Disease (4–8), showing that although 
the global case finding and treatment success rates are almost reaching the set 
WHO targets of 70% and 85% respectively, many cases are still not detected within 
communities and healthcare facilities. Poor case finding is probably one of the 
most important determinants of the slow decline in the global TB incidence (9). 
With the current decline estimated at only 2% per annum, the elimination target of 
an incidence of <1 case /million population in 2050 will not be reached, since that 
requires a decline of 20% per annum (2). Additional efforts to identify and treat cases 
are therefore paramount, especially in a country like South Africa where the additional 
burden of HIV increases TB incidence (10,11) and complicates the clinical presentation 
of TB disease (12–14). 

The very high culture positive TB prevalence rate and the limited case detection in the 
Western Cape is concerning, although these findings might have been expected taking 
into account previous smaller prevalence surveys (15,16) in the same province. The high 
initial loss to follow up rate (25%) in the five other provinces was unexpected, especially 
since a previous study showed an initial loss to follow-up rate of 17% (17,18) in 2007, 
albeit only in the Western Cape. These results were disseminated and the expectation 
was that service providers would have addressed the issue. A novel finding was the 
number of TB cases exiting primary healthcare facilities without being tested in the 
Western Cape. This has not been described before and should be acted upon, after 
confirming the findings with a bigger sample including other facilities. Infection control 
measures and TB in primary healthcare workers have not been described in the South 
African context. The high standardised incidence ratio amongst healthcare workers is 
concerning and an occupational TB programme should be a priority.  
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The thesis findings were limited mainly by the fact that studies were done in specific 
geographical areas and not necessarily representative of the whole country. The 
prevalence survey and exit studies were limited to the Western Cape province of South 
Africa, while the initial loss to follow up and infection control studies were limited to 
five other provinces of South Africa and sampled from a list of facilities supported by 
the Technical Assistance and Support project/Tuberculosis (TASC II TB) of University 
Research Corporation, LLC (19) which may have introduced selection bias. The exit 
study was limited by its geographical area and the poor response rate which might 
have led to selection bias. The studies were all cross sectional in nature, which might 
have led to the possibility of reverse causality. Because individual healthcare workers 
were not enrolled in the infection control study and the unit of investigation was 
healthcare facilities, the burden of disease may have been underestimated and HIV 
status was not ascertained. 

iMPlicaTionS for ThE TB ProGraMME
The study findings lead to the following recommendations for the TB programme in 
South Africa:

 y improve TB case finding, elaborated under recommendations for further research

 y reduce initial loss to follow up

 y improve sputum smear turn around time

 y monitor TB among health care workers

 y evaluate TB infection control audit tools

These recommendations are justified below.

Reduce initial loss to follow-up 
Currently initial loss to follow-up is not an indicator routinely monitored in the South 
African National TB programme. It is however possible to monitor the number of 
individuals who do not start treatment by comparing the case finding and treatment 
registers at healthcare facilities. All cases with a positive TB result in the case finding 
register should be initiated on treatment and entered into the treatment register. 
Healthcare workers at facilities should be trained to check this regularly and to follow-up 
individuals who are not started on treatment at their facilities. Correct contact details for 
all individuals entered into the case finding register are therefore crucial. Resources should 
be made available to ensure that health workers are not overburdened by the additional 
task of tracing TB patients. For instance, tracer teams or community healthcare workers 
employed by non-governmental organisations could assist in finding cases within the 
community (20). These teams could assist healthcare workers with patient education 
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(21,22), especially when individuals first access care to get sputum investigations. 
Similar to the achievements of HIV treatment programmes (23,24), patients should at 
that point in time be empowered to understand the implications of a positive TB result 
and the importance of initiating and completing treatment, for them as individuals and 
for the community where they live (25). Additional interventions addressing the health 
systems gap, for instance an electronic ‘flagging’ system linking the laboratory database 
and the electronic TB register (ETR.net) (26), indicating which patients have not been 
initiated on treatment, could be introduced and operational research done to ensure 
the interventions are effective and efficient. 

Improve sputum smear turnaround time 
We found that many primary healthcare facilities do not receive sputum smear results 
within 48 hours of requesting it from centralised laboratories, as is advised by the 
WHO (27) and the National TB programme (28). Facilities with a prolonged sputum 
smear turnaround time tended to have a higher proportion of initial loss to follow up. 
A study investigating the accuracy of the Xpert MTB/RIF assay (Cepheid, USA) used at 
a study laboratory within five kilometres of the enrollment facility indicated 98.2% of 
smear positive and 72.5% of smear negative cases in comparison to MGIT culture are 
identified on the first sample (29). The median time to detection is 0 (IQR 0-1) days 
with Xpert, 1 (IQR 0-1) day with smear and 16 (IQR 13-21) days with liquid culture and 
the median time to treatment for smear negative patients when using Xpert 5 (IQR 
2-8) days in comparison to 56 (IQR 39-81) days when not using Xpert (30). 

Although South Africa is currently implementing Xpert at centralised laboratories as 
a first line test for TB (31) to address turnaround time amongst other issues (32,33), 
sputum smear is still used to monitor the disease cohort to comply with WHO 
guidelines (34). When test results are not available within the specified time range, 
patients may become despondent and not return to facilities to start (18,35–37) or 
continue (38–40) TB treatment. Therefore it is imperative to ensure that sputum results 
reach facilities when indicated and to monitor the turnaround times of the tests 
currently in use. Although short message system (SMS) printers have been installed 
at some facilities to improve turnaround times (41), the maintenance of these printers 
should be a priority. Additional mobile health technologies (42–45) could be used to 
ensure healthcare workers and patients are informed about test results and patients 
started on treatment soon after the diagnosis has been confirmed. 

Monitor TB among health workers 
The studies included in the thesis have shown that healthcare workers at primary 
healthcare facilities and community healthcare researchers have a higher burden 
of TB than the general population. Currently occupational TB amongst healthcare 
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workers is not monitored routinely (46) although many studies have indicated that 
TB in healthcare workers is an issue that needs to be addressed (47–51). Resources 
should be made available for healthcare workers to easily access TB diagnostic and 
treatment facilities when they develop respiratory symptoms, without being subjected 
to stigmatisation (52–55). An occupational TB register could be implemented to 
monitor cohorts of healthcare workers as was done in Russia (56) and is advised by 
the WHO (57). Community healthcare workers should be included in this cohort (49). 
An organisation employing healthcare workers (58,59) and community healthcare 
researchers working in the field of TB should have and implement an occupational TB 
policy, as was done at the Desmond Tutu TB Centre, Stellenbosch University.

Evaluate TB infection control audit tools  
The thesis shows that there was no significant association between a TB infection control 
audit tool score and whether healthcare workers developed TB at primary healthcare 
facilities during a specific time period. TB infection control audit tools are used to 
monitor the risk of transmission of TB within facilities on at least an annual basis (60). As a 
proxy measure, TB amongst healthcare workers gives an indication of transmission (61). 
Healthcare workers may be considered a sentinel population for this purpose. However, 
if infection control audits are performed without the concomitant measurement of 
TB in healthcare workers, it remains uncertain whether it measures transmission risk 
and which components of the tool do this best. These tools should also be validated 
within the context where they are used (62). Different infection control audit tools used 
in the South African TB programme should therefore be re-evaluated and validated in 
the presence of an occupational TB register for healthcare workers. If possible, tools 
should be simplified to indicate key findings. Other methods of measuring airborne 
transmission could be investigated as well (63,64). 

iMPlicaTionS for furThEr rESEarch
The study findings support the following research priorities:

 y conduct a national TB prevalence survey

 y investigate effective ways of case finding

These priorities are justified below.

Conduct a national TB prevalence survey 
The WHO advised the South African National TB programme in 2010 (3) to do a 
national TB prevalence survey because national TB prevalence data are lacking and 
South Africa is one of the countries with the highest TB burden in the world (2). This 
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advice is underscored by the findings in this thesis, indicating that current estimates 
of case detection in South Africa may be too optimistic. A national prevalence survey 
will inform the programme about the level of case detection and give a more accurate 
estimate of the TB burden in South Africa. A similar scenario existed in Viet Nam in the 
early 2000s where the case detection rate was estimated as ≥70% and the treatment 
success rate ≥85%, but there was no evidence of a decrease in disease burden (3). 
A national prevalence survey in 2006-7 indicated the TB prevalence was 1.6 times 
higher than previously estimated and the true case detection rate was only 56% (3,65). 
Subsequent efforts have led to the expansion of active case detection and contact 
tracing. A similar approach could be followed in South Africa and diagnostic tools 
such as Xpert could be tested in the context of a national prevalence survey as was 
previously done on a smaller scale (66). 

The data could also be used to identify risk factors for poor case detection in South 
Africa in addition to informing the TB programme about the level of case detection. 
Previous analyses using data from the 1996 South African census and 1998 District 
Health Information System (DHIS) survey (67) have shown self-reported TB diagnosis 
to be independently associated with cigarette smoking, alcohol consumption and a 
low body mass index, as well as a lower level of education, unemployment and lower 
household wealth. If there were high levels of community income inequality, there 
was an increased TB prevalence as well. However, these analyses did not include HIV 
status of individuals and bacteriological confirmation of TB diagnosis was not done. A 
national prevalence survey could confirm these findings while taking into account the 
effect of HIV but would not indicate where interventions should be focused. Smaller 
studies could be used to populate the ‘onion model’, as was done in this thesis, to 
indicate the focus areas for interventions. 

Investigate effective ways of case finding
Apart from passive case finding, as is currently recommended by the WHO, provider-
initiated case finding, including screening for cases within facilities and active case 
finding within the community (7), should be investigated in the South African context. 
As was shown in the thesis, individuals attend facilities but may not be diagnosed 
with TB although they have respiratory symptoms. Case finding studies from the 
early 70s in Kenya (68–72) indicated a good yield when screening for cases within 
facilities, interviewing elders in villages to identify possible cases, and revisiting 
individuals who previously had TB. These strategies could be adapted for the South 
Africa context. Interventions to screen individuals within facilities, for instance the 
use of cough officers (73), should be tested. Studies have tested active case finding 
strategies in communities by using mobile services (74,75), by doing contact tracing 
in the households of TB cases (76–78) or through door-to-door surveys (79–81). It 
seems from current literature on active case finding (74,82–84) that more smear 
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negative cases are found. This means that more sensitive methods for smear negative 
diagnosis, such as Xpert (29,85) or chest x-ray (84,86), should be used when testing 
such strategies in the community. 

It is however imperative to ensure that additional cases found with these strategies are 
started timely on effective treatment (87) as it is unethical not to treat such individuals 
and pointless to identify additional cases if not treated. Although TB treatment in South 
Africa compared to other high burden countries is expensive (>US$1000 per patient), 
South Africa is a middle-income country able to fund most of its own TB programme 
(2). Economic constraints should not prevent treating all cases. However, the cost-
effectiveness of case finding strategies should be determined (88–90) to ensure the 
equitable distribution of funding within the TB programme and the Department of 
Health, especially in the context of the concomitant HIV epidemic (91). 

concluSion
This thesis has shown that TB case finding in South Africa is not currently sufficient 
according to the set targets of the WHO. As a consequence, TB transmission continues 
within facilities and in communities. TB programme strategies to improve case 
detection and research studies to investigate effective ways of case finding should be 
implemented in order to address this issue. 
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South Africa is one of the 22 tuberculosis (TB) high burden countries in the world 
according to the World Health Organisation.  TB is the main cause of death in South 
Africa with TB mortality at 49 (95% CI 21-87) per 100,000 population in 2011.  In 2011 TB 
prevalence was estimated to be 768 (95% CI 399-1250) per 100,000 and TB incidence 
933 (95% CI 819-1180) per 100,000.  A quarter of notified cases in Africa are from South 
Africa.  TB is acknowledged by the South African government as a major threat to 
the health of the South African population.  TB is a notifiable disease and is recorded 
and reported (Health Act, Act No. 61 Of 2003) to the local, provincial and/or national 
Health Departments.  The directly observed therapy, short course (DOTS) strategy was 
introduced in South Africa in 1999.

TB case finding is a crucial element of the TB control strategy since it identifies the source 
of infection in a community, indicating the individuals who are emitting Mycobacterium 
tuberculosis bacilli. By treating these individuals thereby making them non-infectious, 
the transmission chain is cut.  Possible ways of case finding are illustrated in the ‘onion 
model’ and Piot model which include the following steps: developing TB, contact with 
health service, TB diagnosis, start of TB treatment, and treatment completion.  The 
overall aim of this thesis was to evaluate gaps regarding case finding according to the 
‘onion model’ in the South African National TB Programme.

In chapter 1, the research topic area, namely TB case finding in South Africa, is 
introduced together with a description of the TB programme in South Africa, as the 
setting of the studies presented.

chapter 2 describes a TB prevalence survey in two communities in the Western Cape 
province of South Africa with the aim of assessing the completeness of case finding.  In 
Community A, the adjusted prevalence of culture positive TB was 32 (95%CI 25-41) per 
1000.  In Community B, the adjusted prevalence of culture positive TB was 24 (95%CI 
17-32) per 1000.  In Community A the patient diagnostic rate was 0.38 per person-year 
while in community B it was 0.30 per person-year. In both communities TB prevalence 
was higher and the patient diagnostic rate lower than the national estimates, 
suggesting that cases are not detected at a sufficient rate to interrupt transmission.  
Poor case detection may contribute to the rising TB incidence in South Africa.  The 
TB epidemic should therefore be addressed rapidly and effectively, especially in the 
presence of the concurrently high HIV prevalence.  

chapter 3 describes an exit study completed at two primary healthcare facilities in 
the Western Cape province of South Africa in 2011.  The participants in this study 
completed an exit interview after leaving the facilities in order to identify gaps in 
diagnosing TB among health facility attendees.  Twenty-one (5%) participants were 
diagnosed with culture positive TB.  None had sought care at the facility because of 
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their respiratory symptoms, none were asked about respiratory symptoms during 
their visit and none were asked to produce a sputum sample.  This study indicates that 
patients with infectious TB attend primary healthcare facilities, but are not recognised 
and diagnosed as cases.  Healthcare staff should search actively within facilities for 
cases who attend healthcare services to ensure that cases are not missed.  Intensified 
case finding must start within the facility, without limiting it to patients who report 
respiratory symptoms or are HIV positive.    

chapter 4 describes a cross sectional ecological study which aimed to determine 
initial loss to follow-up (defined as loss to follow-up after diagnosis and before start 
of treatment) and determinants thereof at 133 primary healthcare facilities in five 
provinces of South Africa in 2009.  The mean initial loss to follow-up rate was 25% (22-
28%).  Turnaround time was overall associated with initial loss to follow-up (p=0.008). 
Clinics were classified into three categories depending on the proportion of sputum 
results available within two days: category 1 (0-32%), 2 (33-66%) and 3 (67-100%).  
Compared with category 1, initial loss to follow up was lower in category 2 (OR 0.73, 
95% CI 0.48-1.13) and category 3 (OR 0.62, 95% CI 0.39-0.99).  This study showed that 
initial loss to follow-up should be reduced and reported as part of the TB programme.  

chapter 5 describes, from the same set of 133 primary healthcare facilities, the number 
of healthcare workers diagnosed with TB during a three year period and the infection 
control practices at the facilities.  The standardised incidence ratio of smear positive TB 
in primary healthcare workers indicated an incidence rate of more than double that of 
the general population.  In a univariable logistic regression, the infection control audit 
score was significantly associated with reported cases of TB in healthcare workers 
(OR=1.04, 95%CI 1.01-1.08) as was the number of staff (OR=3.8, 95%CI 1.8-8.1).  In the 
multivariable analysis, the number of staff remained significantly associated with TB in 
healthcare workers (OR=3.3, 95%CI 1.4-8.1).  The high rate of TB in healthcare workers 
suggests a substantial nosocomial transmission risk.  The infection control audit tool 
used did not perform adequately as a measure of this risk.  This study suggests that 
infection control measures should be monitored by validated tools developed and 
tested locally.  Different strategies, such as routine surveillance systems, could be used 
to evaluate the burden of TB in healthcare workers in order to calculate TB incidence, 
monitor trends and implement interventions to decrease occupational TB. 

The study in chapter 6 aimed at determining TB incidence in research field workers 
from the  Western Cape.  180 field workers were included in the analysis.  Eleven TB cases 
were identified over 250.4 person-years of follow up.  All cases were identified among 
community based field workers.  The TB incidence was 4.4 (95% CI 2.5-7.9) per 100 
person-years. The standardised TB morbidity ratio was 2.5 (95% CI 1.3-4.3). Research 
field workers had a 2.5 times higher TB incidence than the community indicating that 
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it is the responsibility of principal investigators to implement occupational health and 
infection control guidelines to protect researchers working in the community.

In chapter 7, the general discussion chapter, the implications of these studies are 
discussed.  In essence, this thesis showed that TB case finding in South Africa is not 
sufficient to stop transmission.  As a consequence, TB transmission continues within 
facilities and in communities.  TB programme strategies to improve case detection and 
reduce initial loss to follow up need to be developed and evaluated. 
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Zuid Afrika behoort volgens de Wereld Gezondheids Organisatie tot de 22 landen met 
de hoogste tuberculose (tbc) ziektelast. In 2011 was tbc de belangrijkste doodsoorzaak 
in Zuid Afrika met een sterftecijfer van 49 (95% BI 21-87) per 100.000 bevolking. In 
hetzelfde jaar werd de tbc prevalentie geschat op 768 (95% BI 399-1250) en incidentie 
op 933 (95% BI 819-1180) per 100.000 bevolking. Een kwart van alle aangegeven 
tbc patiënten in Afrika is afkomstig uit Zuid Afrika. De Zuid-Afrikaanse overheid 
beschouwt tbc als een belangrijke bedreiging van de volksgezondheid. Tbc is een 
aangifteplichtige ziekte en wordt gerapporteerd op lokaal, provinciaal en nationaal 
niveau. De WHO strategie voor tbc bestrijding werd in 1999 geintroduceerd.

Het opsporen van tbc patiënten is een essentieel onderdeel van deze strategie, 
omdat daarmee infectiebronnen in de algemene bevolking die M. tuberculosis 
bacteriën verspreiden worden gevonden. Door deze bronnen te behandelen, wordt 
de transmissie onderbroken. Het pad van begin van ziekte tot behandeling kan 
worden geïllustreerd met het ‘uienschil’ model en Piot model met de stappen: nieuwe 
ziekte, contact met gezondheidszorg, diagnose tbc, start behandeling, en afmaken 
behandeling. Het doel van dit proefschrift was om de opsporing van tbc patiënten in 
Zuid Afrika te onderzoeken in relatie tot deze modellen.

hoofdstuk 1 is de inleiding van het proefschrift met een overzicht van de 
achtergronden van tuberculose en de bestrijding ervan in Zuid Afrika, gevolgd door 
de onderzoeksvragen. 

hoofdstuk 2 beschrijft een prevalentiesurvey in twee wijken van Kaapstad die als 
doel had om de snelheid van de opsporing van tbc patiënten vast te stellen. In wijk 
A was de gecorrigeerde prevalentie van kweekpositieve tbc 32 (95% BI 25-42) per 
1000 bevolking. In wijk B was de gecorrigeerde prevalentie van kweek-positieve tbc 
24 (95% BI 17-32) per 1000 bevolking. De snelheid van detectie in wijk A was 0,38 per 
tbc patient per jaar en in wijk B 0,30 per tbc patient per jaar. In beide wijken was de 
prevalentie hoger en de snelheid van detectie lager dan nationale schattingen. De 
gevonden snelheid van detectie lijkt onvoldoende om tbc transmissie te onderbreken, 
en zou mede de stijgende tbc incidentie in Zuid Afrika kunnen verklaren. Verbetering 
van de opsporing van tbc patiënten blijkt hiermee van groot belang te zijn. 

hoofdstuk 3 beschrijft de resultaten van exit onderzoek bij twee eerstelijns klinieken 
in de Westkaap provincie van Zuid Afrika in 2011. De deelnemers aan dit onderzoek 
werden geïnterviewd en onderzocht bij het verlaten van deze klinieken om vast 
te stellen in hoeverre tbc werd gemist bij bezoekers van deze klinieken. Bij 22 (5%) 
deelnemers werd kweekpositieve tbc gevonden. Geen van hen had de kliniek bezocht 
wegens respiratoire symptomen, bij geen enkele was naar respiratoire symptomen 
gevraagd, en aan geen van hen was sputumonderzoek aangeboden tijdens hun 
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bezoek aan de kliniek. Dit onderzoek laat zien dat patiënten met besmettelijke tbc 
eerstelijns klinieken kunnen bezoeken zonder te, worden herkend en gediagnosticeerd. 
Gezondheidswerkers zouden tbc actief moeten opsporen onder bezoekers van deze 
klinieken, en dit niet beperken tot personen die respiratoire symptomen melden of 
HIV geïnfecteerd zijn.

Het onderzoek in hoofdstuk 4 had als doel het bepalen van de proportie patiënten 
die wel werd gediagnostiseerd met tbc maar niet op behandeling gezet. Tweede 
doel was het bepalen van de samenhang van deze proportie met eigenschappen 
van de bij het onderzoek betrokken 133 klinieken. De gemiddelde proportie was 
25% (95% BI 22-28%).  Indien een groter deel van de sputumresultaten binnen twee 
dagen beschikbaar was, brak een geringere proportie van patiënten het traject van 
diagnose naar behandeling vroegtijdig af (p=0,008). Drie groepen klinieken werden 
onderscheiden op basis van het percentage sputum resultaten dat binnen twee 
dagen beschikbaar was: groep 1 (0-32%), 2 (33-66%) en 3 (67-100%). In vergelijking 
met groep 1 was het vroegtijdig afhaken kleiner in groep 2 (odds ratio 0,73 (95% 
BI 0.48-1,13) en groep 3 (OR 0,62, 95% BI 0,39-0,99).  Dit onderzoek liet zien dat de 
proportie patiënten die wel wordt gediagnosticeerd maar niet op behandeling gezet 
gerapporteerd zou moeten worden en dient te worden teruggedrongen.

Het onderzoek in hoofdstuk 5 vond plaats in dezelfde 133 klinieken en had tot doel 
om vast te stellen hoeveel tbc werd gevonden bij gezondheidswerkers in vergelijking 
met de algemene bevolking en de mate waarin infectiepreventie werd toegepast. 
De gestandaardiseerde incidentie ratio van sputumpositieve tbc bij deze eerstelijns 
gezondheidswerkers liet zien dat het risico op tbc meer dan tweemaal zo hoog was 
als in de algemene bevolking. Het aantal tbc patiënten onder gezondheidswerkers 
was geassocieerd met de infectiepreventiescore (OR 1,04, 95%BI 1,01-1,08) en het 
aantal gezondheidswerkers in de kliniek OR 3,78, 95%BI 1,77-8,1).  In multivariarate 
analyse was alleen de associatie met het aantal gezondheidswerkers significant (OR 
3,33, 95%BI 1,37-8,1). Dit onderzoek suggereert een hoog arbeidsgerelateerd risico 
op tbc bij gezondheidswerkers dat niet goed werd gemeten door het instrument voor 
het meten van infectiepreventie. Lokaal gevalideerde instrumenten zouden moeten 
worden ontwikkeld die die risico beter meten.  Om te volgen of het tuberculoserisico 
bij gezondheidswerkers wordt teruggedrongen zou gebruik kunnen worden gemaakt 
van hierop toegesneden surveillance. 

Het onderzoek in hoofdstuk 6 had als doel de incidentie te bepalen van tbc bij 
veldwerkers betrokken bij onderzoek in de Westkaap provincie. In het onderzoek 
werden 180 veldwerkers geincludeerd. In 250,5 persoon-jaren werden 11 tbc gevallen 
gevonden, een tbc incidentie van 4,4 (95% BI 2,5-7,9) per 100 persoon-jaren. Dit risiso 
was, gecorrigeerd voor leeftijd en geslacht, 2,5 maal zo hoog als onder de algemene 
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bevolking (gestandaardiseerde ziekteratio 2,5 (95% BI 1,3 – 4,3)). Onderzoekers dienen 
beleid te formuleren en maatregelen te nemen om het risico op tbc bij veldwerkers 
te verminderen en snelle toegang tot de gezondheidszorg te bevorderen indien toch 
tbc optreedt.

In hoofdstuk 7 worden de resultaten van het onderzoek nader beschouwd. Het 
onderzoek heeft laten zien dat de opsporing van tbc in Zuid Afrika onvoldoende 
is om transmissie terug te dringen, zowel onder de algemene bevolking als bij 
gezondheidswerkers. Interventies om de opsporing en toeleiding naar behandeling 
te verbeteren dienen te worden ontwikkeld en geëvalueerd.
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