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SUMMARY

Setting
Rural/periurban community, South Africa.
Objectives
To examine the yield of tuberculosis (TB) cases, TB preventive therapy (TBPT) initiation and human
immunodeficiency virus (HIV) diagnoses from household TB contact tracing.
Design
Retrospective programme analysis.
Methods
Households of index TB cases were visited and their contacts screened for TB and HIV. TB suspects
provided sputum or were referred for assessment. Contacts aged <5 years were referred for
assessment for TBPT initiation.
Results
There were 732 index TB cases (67.1% HIV positive). Among 3627 household contacts, 3573 (98.5%)
had known outcomes, of which 183 (5.0%) were already on appropriate treatment. Among 3390
remaining contacts, 361 (10.6%) were <5, of whom 34 (9.4%) started anti‐tuberculosis treatment
and 286 (79.2%) started TBPT. Among 3029 contacts aged ≥5 years, 93 (3.1%) started anti‐
tuberculosis treatment: 19 (20.4%) were smear positive and 71 (76.3%) were culture positive.
Among contacts aged ≥14 years, 794/2133 (37.2%) underwent HIV testing, of whom 208/794
(26.2%) tested positive.
Conclusions
Household active case finding in high TB and HIV prevalence setting obtained high yields of TB,
particularly in those aged <5 years, and facilitated assessment for TBPT. There was a good yield of
new HIV diagnoses, and a gain in efficiency due to integration within one programme.
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INTRODUCTION
South Africa has a very high burden of human immunodeficiency virus (HIV) related tuberculosis
(TB), with incidence of all forms of TB estimated at 981/100,000 in 2009 and HIV prevalence among
incident cases of 60%.1 The DOTS strategy is the mainstay of TB control, but has not contained TB
incidence in settings of high HIV prevalence.2 3
‘Active case finding’ (ACF) refers to seeking out TB cases, such as by contact tracing, whereas in
‘passive case finding’ individuals are left to self‐present to healthcare facilities.4 Household contacts
of smear‐positive TB cases, particularly children aged <5 years, are at particularly high risk for
developing TB disease.5‐7 Many resource‐constrained countries have policies recommending
household contact tracing for TB, but such policies are often not prioritised. However, with
increasing recognition of the need to identify people with HIV at an earlier stage, there could be a
gain in efficiency from programmes seeking to identify both undiagnosed TB and HIV infection in
settings where the two diseases are closely associated. Such means could also identify at‐risk
children who are often not brought to health facilities for assessment and treatment.
This paper describes the experience from a programme offering screening for active TB and for HIV
among households of TB patients in South Africa.

METHODS
Setting and Programme
The ‘Ribolola’ (“digging deeper” in seSotho) programme, established by the Aurum Institute in
January 2009 is a household TB contact tracing programme in the Rustenburg sub‐district in North
West Province, South Africa . The primary aim of the programme was to determine the feasibility of
TB household contact tracing in this setting.

Study Population and Selection
Index TB cases were recruited from eight municipal clinics. Cases aged ≥12 years and over were
eligible if sputum was smear‐positive. Cases aged <12 were eligible if treated for any form of TB,
where contact tracing aimed to identify a possible infection source. Index cases were excluded if
they lived alone or had been on treatment for >3 months (unless still sputum smear‐positive after 2
months of the intensive phase), to prioritise households most recently at risk of transmission. Index
cases agreeing to take part gave details of demographics and medical history. Those not known to be
3
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HIV positive were offered testing and counselling. Households were visited by programme staff.
Standardised educational material was used to discuss TB and HIV, and household members who
agreed to take part were screened by programme staff at home.

Programme Procedure
Screened household contact demographics and medical history were recorded. An eight point TB
symptom screen questionnaire was conducted and, in line with national guidelines at the time,
those with any of: cough for ≥2 weeks; sputum production, fever, haemoptysis, dyspnoea or pleuritic
chest pain within the last month; weight loss within the last 6 months; or night sweats; were
considered TB suspects. Contacts aged <12 years were assessed for additional paediatric features,
such as failure to thrive or growth retardation. Any such feature for any duration (in the absence of
an obvious alternative cause) in those aged <12 years constituted being a TB suspect.
TB suspects with a sufficiently productive cough were educated on providing sputum samples (the
first spot was sent for smear only, while the two early morning specimens were sent for smear and
culture, respectively). Anyone with a positive smear and/or culture result was referred to start
treatment. TB suspects were referred to government health care facilities if they were sick or unable
to provide sputum. Irrespective of symptoms, contacts aged <5 years were referred for exclusion of
active TB and TB preventive therapy (TBPT), according to South African national guidelines.8 As they
could still potentially be TB cases, those aged ≥5 years who were already on TBPT were nonetheless
screened, and were not excluded from the subsequent analysis.
Referral attendance was followed up by programme staff, and referral outcomes were ascertained
retrospectively. Contacts were regarded as ‘not traced’ if no outcome data could be obtained from
clinics or from the individuals themselves. HIV counselling and rapid testing (finger‐prick blood spot)
was offered to contacts aged ≥14 years who self‐reported their HIV status to be negative. Contacts
aged <14 years were eligible if their mother was HIV‐positive. Any contact testing HIV‐positive was
offered appropriate referral.

Definitions
A household was defined as: a group of individuals who generally sleep and eat together. A TB case
was defined as a contact that was sputum smear‐ and/or culture‐positive, or who started treatment
following referral and assessment. For the purpose of this analysis, contacts were defined as HIV‐
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positive if they had a test performed by the programme with a positive result or, if not tested, self‐
reported HIV positive status.

Statistical Analysis
This evaluation aimed to describe the yield of TB and HIV cases identified by the programme. Data
were entered in an Access database (Microsoft Corp, Redmond, WA, USA). Anonymised data sets
were cleaned and analysed using Stata, version 11 (StataCorp, College Station, TX, USA). Among
household contacts, univariable and multivariable adjusted odds ratios (ORs) with 95% confidence
intervals (CIs) were used to explore variables associated with being found to be a TB case.

Ethical Considerations
Permission for the programme to recruit index patients from health facilities and refer back from the
community was obtained from the Bojanala district and Rustenburg sub‐district departments of
health. Approval to undertake retrospective analysis of programme data was obtained from the
Research Ethics Committees of the University of Witwatersrand, Johannesburg, South Africa and the
London School of Hygiene & Tropical Medicine, London, UK.

RESULTS
Index Patients
A total of 732 index cases recruited between January 2009 and July 2010; 373 (51%) were males, and
the median age was 34 (range 0‐93) years, which was higher for males than females (36 years, range
0‐83 vs. 32 years, range 0‐93; P <0.001, Mann‐Whitney U‐test).
HIV status was recorded for 480 index cases, of whom 322 (67.1%) were HIV‐positive. A higher
proportion of females than males were HIV‐positive (176/241, 73.0% vs. 146/239, 61.1%; P=0.005, χ2
test). Among those self‐reporting HIV‐positive status at the time of presentation to the clinic, 99/295
(31%) reported being on antiretroviral therapy (ART).

Screened Household Contacts
A total of 3627 contacts were screened. The median number of contacts screened per household
was four (range 1‐29; Table 1); 1533 (42.3%) were males, and the median age was 20 years (range 0‐
5
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98), which was lower in males than in females (17 years, range 0‐88 vs. 22 years, range 0‐98;
P<0.001, Mann‐Whitney U‐test). A history of previous anti‐tuberculosis treatment was reported in
219/3627 (6.0%) contacts. There were respectively 58/3627 (1.6%) and 144/3627 (4.0%) contacts
currently on anti‐tuberculosis treatment and TBPT.
The management of household contacts was different for those aged <5 years (n=552, 15.2%)
compared to those aged ≥5 years (n=3075, 84.8%), outcomes in these two groups are reported
separately and illustrated in the Figure.

Outcomes among contacts aged <5 years
Among 552 contacts aged <5 years, 16 (2.9%) were already on anti‐tuberculosis treatment, and an
additional 125 (22.6%) were already taking TBPT and did not have symptoms defining TB suspect
status. No contacts in either of these two groups were referred, and they were excluded from
further analysis (Figure). Of the remaining 411, 105 (25.5%) had symptoms defining TB suspect
status and were referred for assessment. Among those with known outcomes (n=98), 24 (24.5%)
started anti‐tuberculosis treatment and 74 (75.5%) were commenced on TBPT.
The remaining 306 asymptomatic contacts aged <5 years were eligible for referral to potentially start
TBPT, and 265 (86.6%) were referred. Of those referred with a known outcome (n=222), 10 (4.5%)
started anti‐tuberculosis treatment and 212 (95.5%) commenced TBPT (Figure).
Twelve children aged <5 years were reported to be HIV‐positive by their carer, and an additional
11/118 (9.3%) tested by the programme were found to be positive. In total, among the 361
household contacts aged <5 years seen by the programme with a known outcome, and including
those aged <5 years assessed and not referred, 34 (9.4%) were TB cases and 286 (79.2%) started
TBPT (Figure).

Outcomes among contacts aged ≥5 years
Among 3075 contacts aged ≥5 years, 42 (1.4%) were already on anti‐tuberculosis treatment. These
were not further screened for TB, and were excluded from further analysis (Figure). Among the
remaining 3033 contacts, 2259 (74.5%) did not report symptoms defining TB suspect status. Of
these, 14 (0.6%) were referred (all age 5‐6) to potentially start TBPT, and an additional 25 (1.1%)
were already on TBPT.
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The remaining 774 were considered TB suspects based on their symptoms (Figure). The most
common symptoms among these suspects were cough (n=750, 96.9%), sputum production (n= 724,
93.5%), weight loss (n=112, 14.5%) and night sweats (n=108, 14%). Using the revised World Health
Organization TB symptom screen of cough, fever, weight loss or night sweats of any duration would
have identified an additional 16 contacts as TB suspects.9 Twenty‐five (3.2%) TB suspects were
referred to government medical facilities, as they were considered to require immediate assessment
or did not have a sufficiently productive cough. Where outcomes were traced (n=21), 12 (57%)
started anti‐tuberculosis treatment, 6 (29%) started TBPT (all were aged 5) and 3 (14%) were
recorded not to require anti‐tuberculosis treatment (Figure).
Of the remaining TB suspects, 727/749 (97.1%) had sputum collected, with no difference by sex
(p=0.636, χ2 test). Complete sets of three samples were provided by 662/727 (91.1%). Among 616
with available results, 71 (11.5%) were culture‐positive for TB of which 9 (12.7%) were also smear‐
positive. There were also 10 cases who were smear‐positive only. One case was found among eight
TB suspects who were already on TBPT. All those who were smear‐ and/or culture positive were
referred to commence anti‐tuberculosis treatment. Among those that provided more than one
sample, the second smear sample provided the diagnosis in 7/727 (1%). In total, 93/3029 (3.1%)
started anti‐tuberculosis treatment. Their characteristics are described in Table 2.
Among contacts aged ≥14 years, 174/2297 (7.6%) self‐reported as being HIV‐positive. Participation
in HIV testing among the remainder was 36.9% (784/2123). Females had a higher uptake, at 41.5%
(531/1281), than males, at 30.0% (253/842; P<0.001, χ2 test). In addition, ten contacts aged ≥14
years self‐reporting HIV‐positive status were retested; a total of 208/794 (26.2%) tested positive.
There were also 17/130 (13.1%) aged between 5 and under 14 years who tested positive. Including
those tested aged <5 years, described above, a total of 236/1042 (22.7%) household contacts tested
by programme staff were HIV‐positive. Also including those not tested by the programme, but self‐
reporting positive HIV‐status, 424/3627 (11.7%) household contacts were classified as HIV‐positive
(reflecting a minimum prevalence, assuming those not tested were HIV‐negative).
In univariable analysis of household contacts, risk factors associated with being a TB case were
positive HIV status (OR 3.3, 95% CI 2.1‐5.2) and previous TB (OR 2.6, 95% CI 1.4‐4.7). In multivariable
analysis, HIV infection remained associated with TB case status (OR 3.0, 95% CI 1.8‐5.1), but previous
TB was less strongly associated and of borderline significance (OR 1.8, 95% CI 0.95‐3.4; Table 2).
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DISCUSSION
This evaluation illustrates that a household contact based ACF programme can detect otherwise
undiagnosed TB and HIV cases in a setting where the burden of both is high. Furthermore, it assists
with initiating TBPT in high‐risk child contacts to interrupt progression to TB disease.
At 9.4% among those aged <5 years and 3.1% among those aged ≥5 years, the yield of active TB
compares favourably to a recent meta‐analysis that reported a median TB yield of 2.2% (range 0.01‐
14.5%) for contact tracing based ACF in resource‐limited settings.10 Yields from similar recent
household ACF studies in African settings were 1.5% in The Gambia11, 1.7% in Malawi12 and 6.3% in
Uganda, where four visits were conducted over 24 months13. The proportion of children aged <5
years treated for active TB through Ribolola was particularly high, which could be because a higher
proportion of referrals to clinic were successful compared with other studies.12
The programme revealed a high proportion of undiagnosed HIV among household contacts of TB
cases. The screening and referral of newly diagnosed HIV cases to clinics is an important benefit of
the programme and highlights the advantages of integrated TB and HIV screening and referral for
care.14 Linkage to care for patients with both HIV and TB would be simplified if referral was to a
single integrated service, rather than two separate services15, particularly in South Africa where over
half of incident TB cases also have HIV infection. Earlier diagnosis and treatment of HIV, with
treatment of latent TB infection, can reduce the risk of TB disease.16 Participation in HIV testing was
seemingly low, at 37%; nonetheless, Ribolola newly identified 236 people with HIV infection.
Reasons for declining HIV testing were not collected, but anecdotally include having tested recently
and concern regarding confidentiality. Qualitative research could help improve acceptability of
home‐based HIV testing. Barriers to programmes such as Ribolola include the belief that a significant
proportion of TB suspects may not be able to provide sputum at home.17 We found that, with
education, most individuals could produce sputum, and removing the requirement to attend clinic
may help overcome the attrition of contacts.
The second sputum smear was discriminatory in diagnosing TB for only a handful of cases, and has
significant cost implications in a large programme. The incremental cost per TB case detected by
sequential sputum smears was shown in a Zambian study to increase from US$4.50 for one smear to
US$23.3 for the second smear (assuming the first had already been performed).18
The shortcomings of smear microscopy are known in HIV co‐infection, where patients are more
likely to be smear‐negative.19 This could also be the case for those examined by ACF as earlier
assessment than would normally be the case could result in a greater likelihood of those contacts
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having paucibacillary sputum. Our data underline the higher sensitivity of sputum culture vs. smear.
Newer diagnostic technologies, particularly Xpert MTB/RIF (Cepheid, Sunnyvale, CA, USA), a real‐
time polymerase chain reaction assay for TB that also detects rifampicin (RMP) resistance in
approximately 2 hours, raise prospects for near‐to‐home TB diagnosis for contacts. The costs are
currently high, and while it is very sensitive in smear‐positive cases, this sensitivity is reduced in
smear‐negative cases.20 Other limitations include the imperfect specificity of Xpert MTB/RIF for RMP
resistance, which is more problematic in a contact tracing setting with low prevalence of drug
resistance.21
The strengths of this evaluation were that the programme had reliable data spanning nearly 2 years
with large enough denominators to provide adequate statistical power for a variety of subgroup
analyses. Ribolola reflected programmatic rather than research conditions, and programme
guidelines were not always rigorously followed. For instance, some eligible contacts aged < 5 years
were not referred for TBPT assessment, whereas some contacts just over 5 years were referred and
started TBPT. This represents a grey area, where clinical judgement and the extent of contact are
taken into account, and such flexibility seems appropriate.22 A potential limitation is that those
screened represent household contacts of index cases that gave consent for a visit while in the clinic.
This may have led to more engagement with programme services and ease of household location
than would have been the case had such contacts been traced and approached without prior
consent of the index case.
Although ACF may identify more TB cases, this may not translate into cured cases as historically
these patients were more likely to refuse or default on their treatment.23 TB and HIV treatment
outcomes of referred contacts should be examined to determine the population‐level impact of the
programme. Due to limited resources, the programme did not follow TB cases to determine
treatment outcomes, which would otherwise be an important point regarding the value of ACF.
This evaluation suggests under‐diagnosis of TB and HIV in high‐prevalence settings such as South
Africa. Household contacts of index TB cases are at higher risk, and this evaluation illustrates that
implementation of household‐based ACF programmes can promote identification of active TB and
provision of TBPT, particularly for children <5 years, who are especially at risk. Given early results
from the ZAMSTAR (Zambia/South Africa TB and AIDS Reduction) study showing that household TB
and HIV case‐finding interventions can reduce TB prevalence at community level, such interventions
could contribute to better TB control, and merit higher priority.24
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Table 1: Characteristics of screened household contacts (n=3627)
Characteristics
Female
Age (years) 0‐4
5‐14
15‐24
25‐34
35‐44
45‐54
≥55
Tested HIV positive*
Self‐reported HIV positive status†
Tested and/or self‐reported HIV positive status, of all contacts
(n=3627‡
TB
Previously treated for TB
Currently on TB treatment
Currently taking TB preventive therapy
<5 years
≥5 years
Born in South Africa (n=3426)
Education status in ≥14s (n=2171)
No formal education
Grade 1‐12
Higher education, no degree
Degree or diploma
Occupational status in ≥14s (n=2169)
Unemployed
Student
Salaried worker
Self‐employed
Occasional work
Unable to work
Other
* Among 1042 tested by the programme

† Among n=2585 not tested by programme
‡ Minimum HIV prevalence among contacts
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Number of contacts (%)
2094 (57.7%)
552 (15.2%)
850 (23.4%)
777 (21.4%)
511 (14.1%)
336 (9.3%)
282 (7.8%)
319 (8.8%)
236 (22.7%)
188 (7.3%)
424 (11.7%)

219 (6.0%)
58 (1.6%)
144 (4.0%)
125/552 (22.6%)
19/3075 (0.6%)
3289 (96.0%)
203 (9.4%)
1943 (89.5%)
13 (0.6%)
12 (0.6%)
876 (40.4%)
573 (26.4%)
429 (19.8%)
34 (1.6%)
52 (2.4%)
59 (2.7%)
146 (6.7%)
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Table 2: Characteristics of TB Cases among Household Contacts ≥ 5 years (n=3029)
Cases/Row Total (%)
Sex
Male
Female
Age
5‐14
15‐24
25‐34
35‐44
45‐54
≥55
HIV
Negative‡
Positive
Previous TB
No
Yes

Odds Ratio (95% Confidence Interval)
Unadjusted

Adjusted*

38/1250 (3.0%)
55/1779 (3.1%)

1
1.02 (0.67‐1.55)

1
0.89 (0.58‐1.37)

21/840 (2.5%)
16/773 (2.1%)
22/497 (4.4%)
11/328 (3.4%)
11/275 (4.0%)
12/316 (3.8%)

1†
0.82 (0.43‐1.59)
1.81 (0.98‐3.32)
1.35 (0.65‐2.84)
1.63 (0.77‐3.41)
1.54 (0.75‐3.17)

1
0.77 (0.40‐1.49)
1.25 (0.66‐2.39)
0.87 (0.40‐1.90)
1.18 (0.55‐2.54)
1.53 (0.74‐3.17)

64/2648 (2.4%)
29/381 (7.6%)

1
3.33 (2.12‐5.23)

1
3.04 (1.83‐5.05)

80/2840 (2.8%)
13/189 (6.9%)

1
2.55 (1.39‐4.67)

1
1.79 (0.95‐3.39)

* Adjusted for sex, age group, HIV, previous TB
† Non‐parametric test for trend p=0.054
‡ Tested negative by programme or, self‐reported negative or unknown status
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Abbreviations:

Figure 1: Flow diagram of outcomes
of
screened household contacts
346

TBPT – TB preventive therapy

3627 screened household contacts
3075 contacts ≥5 years (84.8%)

552 contacts <5 years (15.2%)
16 on TB treatment (2.9%)

42 on TB treatment (1.4%)

3033 contacts ≥5 (98.6%)
125 not TB suspects
and on TBPT (22.6%)

2259 not TB suspects (74.5%)

TB suspects immediately referred to clinic,
no sputum sent by programme staff

411 contacts <5 (74.5%)

105 suspects
referred (25.5%)

774 TB suspects (25.5%)

4 not traced (16%)

7 not traced (6.7%)

98 outcomes
traced (93.3%)

24 started
treatment
(24.5%)

21 outcomes
traced (84%)

3 no
treatment
(14.3%)

74 started
TBPT
(75.5%)

6 started
TBPT
(28.6%)

Contacts referred for TBPT (<5 years) or assessed
at home (≥5 years) by programme staff

306 contacts <5 not
TB suspects (74.5%)

265 referred (86.6%)

12 started
treatment
(57.1%)

749 remaining TB
suspects (96.8%)
727 had sputum
collected (97.1%)

43 not traced (16.2%)

222 outcomes
traced (83.8%)

10 started
treatment
(4.5%)

25 suspects
referred (3.2%)

616 results
available (84.7%)

212 started
TBPT
(95.5%)

16

535 smear and
culture negative
(86.9%)

81 smear and/or
culture positive
(13.1%)

