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Abstract
Background: South Africa remains the country with the greatest burden of HIV-infected individuals and the
second highest estimated TB incidence per capita worldwide. Within South Africa, KwaZulu-Natal has one of the
highest rates of TB incidence and an emerging epidemic of drug-resistant tuberculosis.
Methods: Review of records of consecutive HIV-infected people initiated onto ART between 1st January 2005 and
31st March 2006. Patients were screened for TB at initiation and incident episodes recorded. CD4 counts, viral loads
and follow-up status were recorded; data was censored on 5th August 2008. Geographic cluster analysis was
performed using spatial scanning.
Results: 801 patients were initiated. TB prevalence was 25.3%, associated with lower CD4 (AHR 2.61 p = 0.01 for
CD4 <50 cells/μl) and prior TB (AHR 1.58 p = 0.02). Incidence was 6.89 per 100 person-years from 81 cases over
1175 person-years analysis time and was highest in the first 3 months after ART initiation; associated with male sex
and higher log HIV RNA. Prevalent and incident TB were significantly associated with mortality (OR 1.81 p = 0.01
and 2.02 p = 0.01 respectively). Incident TB was associated with a non-significant trend towards viral load >25
copies/ml (OR 1.75 p = 0.11). A low-risk cluster for incident TB was identified for patients living near the local
hospital in the geospatial analysis.
Conclusion: There is a large burden of TB in this population. Rate of incident TB stabilises at a rate higher than
that of the overall population. These data highlight the need for greater research on strategies for active case
finding in rural settings and the need to focus on strengthening primary health care.

Background
South Africa remains the country with the greatest burden of HIV positive individuals [1] and the second highest estimated TB incidence per capita worldwide [2].
Within South Africa, the province of KwaZulu-Natal has
the greatest number of HIV positive individuals (an estimated 1.2 million people), with a sustained high incidence of new adult HIV infections [3]. TB notification
rates are high with 1094 cases per 100,000 population,
compared to a national incidence of 739.6 [4] and an
emerging epidemic of drug resistant TB, which has
received international attention [5]. Drug resistant TB
has been identified as a major threat to the success of
antiretroviral roll-out [6] and in areas where HIV and
* Correspondence: catherine.houlihan@doctors.org.uk
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TB prevalence are high, both will require locally tailored
interventions far beyond any current efforts. To add to
limited data from urban and peri-urban settings [7,8],
we set out to explore the burden and impact of TB in a
cohort of patients initiating ART in rural KwaZuluNatal. We further used novel geospatial clustering analysis to define areas where incident TB rates are higher or
lower than might be expected; such areas could be used
for targeted behavioural analysis, to aid our understanding of the TB epidemic in HIV infected individuals, and
measure the impact of interventions to curb it.

Methods
The study was carried out within the public sector ART
programme of Hlabisa sub-district, Umkhanyakude,
KwaZulu-Natal. The sub-district is predominantly rural
with a population of approximately 228,000 people [9].
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Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Houlihan et al. BMC Infectious Diseases 2010, 10:23
http://www.biomedcentral.com/1471-2334/10/23

The Department of Health (DoH) HIV Treatment and
Care Programme started in 2004 and is run in partnership with the Africa Centre for Health and Population
Studies, with funding from PEPFAR http://www.africacentre.ac.za. HIV and TB services are decentralised to
primary care, offering initiation of ART at 15 clinics by
2006. In 2004, the HIV prevalence was high at 22%
overall, and peaked at 51% in females in 25-29 year age
group [10]. Standard South African DoH approved ART
regimens are used [11] (stavudine and lamivudine with
either efavirenz or nevirapine in the initial regimen),
with standard criteria for ART eligibility (stage 4 disease
or CD4 <200 cells/μL). Once on treatment, patients are
advised to return for CD4 and HIV RNA viral load testing six monthly and medication collection monthly.
During the preparation to start ART, patients were
screened for TB, using symptom screen and AFB smear.
In 2005, chest X-ray (CXR) was available only in the
hospital, from early 2007, CXR was also available free in
the local town. TB diagnosis and treatment were according to the National TB Control Programme Guidelines
[12]. Sputum culture was not routinely available.
CD4 count, HIV RNA viral load, WHO clinical stage
at baseline, date of initiation, ART regimen, TB treatment (at ART initiation and subsequently) and outcome
(loss to follow-up, transfer out and death) were routinely
collected in a database. Patient records were reviewed by
a clinician to independently validate the data and record
additional information, therefore only those with files
available in the clinics were included (clinics store files
of those lost to follow-up and deceased).
Ethics approval was granted by University of KwaZulu-Natal Biomedical Research Ethics board (Reference
BE066/07) and the Research Office of the KwaZuluNatal Department of Health.
Statistical Analysis

Multivariate logistic regression analysis was used to
examine baseline factors independently associated with
prevalent TB. WHO stage at initiation was dropped in
both univariate and multivariate analysis due to collinearity as all people with prevalent TB were WHO stage
3 or 4 by definition [11]. Incident rates of TB were calculated using Kaplan-Meier survival analysis. Cox proportional hazards regression modelling was used to
evaluate associations with incident TB; person-time was
censored on 5th August 2008. Incidence rates were calculated as the total number of newly diagnosed TB
cases divided by the time at risk of TB and also as the
number of new TB cases divided by the person-time
contributed before the first TB episode. Analysis time
was censored at the time of death, last clinic visit (for
lost to follow-up) or date of incident TB [13]. Independent variables were included in multivariate models if
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univariably associated with outcome at 15% significance
level or if they affected associations involving other covariates. Patients with prevalent and/or incident TB were
compared with those without to assess the effect of TB
on mortality and virological failure. All statistical analyses were conducted using STATA version 10.0 (SAS
institute, Cary, North Carolina, USA).
Spatial Clustering analysis

A spatial scan was used to explore geographical differences in TB incidence across the sub-district. The Africa
Centre maintains a GIS database of all local areas (a Zulu
neighbourhood with a median population of about 400
people) in the sub-district. Patients without prevalent TB,
residing within the sub-district and with a valid address,
were carefully geo-coded to the centroid of their corresponding local area using our geographic database. We
then applied a Kulldorff spatial scan statistic (implemented within the SaTScan spatial cluster detection programme [14]) to identify clusters of incident TB
infections (either high or low numbers of infections) at a
local area level using an exponential survival model [15].
A spatial scan statistic is a cluster detection test that is
able to both detect the location of clusters and evaluate
their statistical significance without problems associated
with multiple testing. The statistical theory behind the
spatial scan statistic is described in detail elsewhere [16].
The spatial scan statistic imposes a circular window
on a map and it allows the centre of the circle to move
across the study region. For any given position of the
centre, the radius of the circle changes continuously so
that it can take any value from zero up to a specified
maximum value. The statistic evaluates the incidence of
TB infection within a circle relative to expectation
(based on the mean TB incidence for patients used in
this analysis). The circle with the maximum likelihood is
defined as the most likely cluster, implying that it is
least likely to have occurred by chance. The p-value of
the statistic is obtained through Monte Carlo hypothesis
testing (9,999 iterations), where the null hypothesis of
no clustering is rejected if the simulated p-value is <
0.05.
Definitions

An episode of TB included any individual who started
TB treatment irrespective of smear or culture positivity,
similarly it encompassed any notified case of TB in the
cohort. Prior TB was defined as any recorded episode of
TB treatment, complete by time of ART initiation. Prevalent TB was defined as patients receiving TB treatment at ART initiation, including those already on
treatment at programme entry and those diagnosed by
pre-ART screening. Incident TB was any new episode of
TB treatment after ART initiation.
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Virological failure was defined as any HIV RNA >25
copies/ml, this definition was used not to indicate clinical treatment failure but to indicate those who have
unsuppressed viral replication for this study. Lost to follow-up was defined as no clinic attendance on two consecutive occasions (2 months) and limited tracking of
those defaulting treatment was available with telephone
calls. No information was available on outcomes from
the separate DoH TB programme.

Results
801 adults aged 16 or older started ART between the 1st
January 2005 and 31st March 2006 (Figure 1) and had
files for review (missing files n = 83). Those transferred
in from another government programme were included.
Transfers from GP or non-governmental programmes (n
= 8) were included for TB prevalence analysis but
removed before incidence and survival analysis because
of unknown previous ART regimens. There were 258
missing baseline viral loads and 25 missing baseline
CD4 counts.
Median age at treatment initiation was 36 years (IQR
31-44), 561 (69.9%) were female. 50.6% (n = 405) were
WHO stage 3, 9.0% (n = 72) stage 4. WHO staging was

Figure 1 Flow diagram illustrating patients used in the analysis.
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not recorded for 98 (12.2%). Median CD4 count was
119.5 cells/μl (IQR 60-175) and median log10 HIV RNA
4.76 copies/ml (IQR 4.15-5.26).
Prevalent TB

784 (of 801) had a complete TB record at ART initiation; 198 of whom (25.3%) had prevalent TB (95%CI
22.3-28.6%). Of those with prevalent TB, 84 had also
had prior TB (42.9%). Prevalent TB was associated with
CD4 below 50 cells/μl, higher baseline Log10 HIV RNA
and prior TB (Table 1). No data was available on
method of diagnosis in prevalent TB cases.
Outcomes

The median follow-up time was 2.18 years (range 03.50). 646 (77%) were still active at the time of data censoring, 104 (13.0%) had died and 51 (6.4%) were lost to
follow-up or transferred out.
Of the 46 lost to follow-up, median time to loss was
522 person days (IQR 223-706), median baseline CD4
137 cells/μl (IQR 60-162) and log 10 HIV RNA 4.59
copies/ml (IQR 4.23-5.26), 37 had no prevalent or incident TB, 9 had prevalent and 6 incident TB.
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Table 1 Description of baseline characteristics stratified by prevalent TB and univariate and multivariate analysis of
factors associated with prevalent TB.
Variable

Prevalent TB n(%)

No Prevalent TB n(%)

Unadjusted OR (95%CI)

Female

136 (68.7)

413 (70.5)

REF

Male

62 (31.3)

172 (29.5)

1.09 (0.77-1.54)

35 (IQR 30-42)

37 (IQR 31-44)

0.98 (0.97-1.00)

Adjusted OR (95%CI)

Sex

Age (yrs)

0.99 (0.97-1.01)

Transfer in
No

192 (97.0)

563 (96.1)

REF

Yes

6 (3.0)

23 (3.9)

0.76 (0.31-1.91)

88 [IQR 30-153]

129 [IQR 71-179]

CD4 at initiation
>200
50-200

REF

1.30 (0.80-2.10)

1.03 (0.58-1.86)

3.22 (1.88-5.51)

2.61 (1.36-5.03)

4.91

4.70

1.26 (1.01-1.58)

1.23(0.99-1.54)

<50
Baseline RNA VL (log10)

REF

Prior TB
No

113 (57.1)

387 (66.0)

REF

REF

Yes

85 (42.9)

199 (34.0)

1.46 (1.05-2.03)

1.58 (1.06-2.36)

1 or 2
3 or 4

N/A
198 (100)

214 (36.5)
282 (48.1)

N/A
N/A

N/A
N/A

N/A

90 (15.4)

N/A

N/A

WHO Stage

Unknown

Incident TB

583 observations were used for analysis; 198 with prevalent TB were excluded and 20 others had missing end
date leaving 81 episodes of TB analysed over 1175 years
analysis time. Overall incidence was 6.89 per 100 person
years, highest in the first three months at 17.4 per 100
person years (Table 2), and 5.33 per 100 person years
after 2 years. In multivariate analysis young age, male
sex and higher log10 HIV RNA (Table 3) were associated
with incident TB in the first three months. After three
months, advanced HIV stage (3 or 4) was significantly
associated with incident TB. Prior TB was not independently associated with incident TB.
Of the above 81 individuals who developed TB whilst
on ART, 14 (17.3%) were smear positive and 1 culture
positive, 17 (20.1%) did not have the method of diagnosis recorded, 30 (37.0%) were diagnosed on CXR. 14
were diagnosed on clinical suspicion (17.3%), 1 on CT

findings (1.2%), 2 on lumbar puncture findings (2.5%)
and 2 on ultrasound findings.
Spatial Clustering of Incident TB

403 individuals (821 person-years of observation) without prevalent TB and with a valid address were geocoded to 79 local areas. No clusters of unusually high
TB incidence were detected anywhere in the sub-district. A significantly low-risk cluster of radius 4.2 km
was detected in communities around Hlabisa Hospital
(Figure 2). The overwhelming majority (95%) of personyears of observation in this cluster were contributed by
patients geo-coded to the area immediately surrounding
the hospital. In this cluster, only six new TB cases were
observed over 151.9 person-years of observation approximately one quarter of the expected incident
cases (Relative Risk = 0.28, log likelihood ratio = 11.0, p
= 0.019).

Table 2 Baseline characteristics associated with incident TB stratified by time since ART initiation
Time since ART initiation (months)

Person time (years)

TB cases

TB incidence rate (per 100 person years)

95% confidence interval

0-3
3-6

138.00
130.65

24
11

17.39
8.42

11.65-25.94
4.66-15.20

6-9

126.44

7

5.53

2.64-11.61

9-12

122.67

7

5.71

2.72-11.97

12-18

236.84

13

5.48

3.18-9.45

18-24

214.20

8

3.73

1.87-7.47

>24

206.34

11

5.33

2.95-9.63

Overall

1175.17

81

6.89

5.54-8.57
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Table 3 Changes in TB incidence rate during antiretroviral therapy among 583 patients initiating treatment.
Initial 3 months (n = 583
individuals)

After 3 months (n = 559
individuals)

Variable

Unadjusted Hazard Ratio (95%
CI)

Adjusted Hazard Ratio
(95% CI)

Unadjusted Hazard Ratio (95%
CI)

Adjusted Hazard Ratio
(95% CI)

Age (years)

0.99 (0.95-1.04)

0.87 (0.79-0.96)

0.98 (0.95-1.10)

N/S

Sex;
Female

REF

REF

Male

4.17 (1.83-.54)

9.55 (2.35-38.78)

0.59 (0.30-1.16)

0.55 (0.27-1.10)

Log10 HIV
RNA

1.85 (0.86-3.97)

2.69 (1.11-6.51)

0.83 (0.59-1.13)

N/S

Transfer in

0.99 (0.13-7.30)

N/S

0.38 (0.05-2.78)

N/S

Log10 CD4

1.35 (0.78-2.40)

2.02 (0.58-4.76)

0.83 (0.65-1.07)

0.87(0.67-1.13)

REF
1.42 (0.63-3.20)

1.16 (0.33-4.03)

REF
1.77 (1.04-2.98)

1.32 (0.73-2.38)

Prior TB;
No
Yes
WHO stage
1 or 2

REF

3 or 4

2.33 (0.92-5.92)

N/S

2.11 (1.15-3.87)

REF
1.94 (0.99-3.38)

Unknown

0.40 (0.05-3.32)

N/S

1.27 (0.52-3.12)

1.43 (0.58-3.56)

Mortality

Total follow-up time was 1706 person years with an
overall mortality of 6.3 per 100 person years (95% CI
5.2-7.6). 13 people had to be excluded from the outcomes analysis because of missing end date (i.e. no date
of death or date of last follow-up available).
Mortality rate was significantly higher in those with
prevalent and incident TB than in those without; 9.1 per
100 person years (95% CI 6.6-12.6) versus 5.3 (95% CI
4.2-6.8) and 9.2 (95% CI 5.6-15.0) versus 4.4 (95% CI
3.3-5.8) respectively. Similarly, mortality was 21.2% in
incident TB cases, 11.8% in those without; 19% in prevalent TB, and 11.5% in those without (chi-2 p-value of
0.007, p = 0.008). Hazard risk for mortality in those
with prevalent TB was 10 times higher in the first six
months after initiation than later (Figure 3a), and was
also higher in those with incident TB compared to those
without incident TB (Figure 3b)
Virological Outcome

Virological failure occurred in 71 (12.8%) of 555 people
with follow-up viral loads. Median time from initiation
to last viral load was 900 days (range 349-1336). 12 prevalent TB cases (9.4% of the 128 with prevalent TB) had
virological failure versus 59 (14.4% of 411 without prevalent TB) p = 0.15. Conversely, virological failure was
more common in incident TB cases than those without
(12/63; 19.1% versus 58/490; 11.8%(p = 0.11)).

Discussion
The extremely high TB prevalence in our study demonstrate that South Africa’s dual HIV and TB challenge is

not confined to urban settings; this rural cohort had a
TB prevalence of 25.3%, similar to urban South Africa
[8,17] and higher than figures reported elsewhere in
sub-Saharan Africa [7,18,19].
HIV associated immunosuppression is known to
increase the development of active TB in those latently
infected and increase susceptibility to new TB infection
[20,21]. We show that people with a CD4 count of less
than 50 cells/μl prior to ART initiation were more likely
to have prevalent TB, which is consistent with previous
findings [8,19].
The incidence of TB following ART initiation was
similar to that observed within an urban community in
Cape Town [8]. Despite similar cohort characteristics,
the incidence within the first 3 months in our study,
whilst within confidence intervals, is slightly lower. In
that study, sputum culture was part of the work-up,
whilst in our setting culture was performed infrequently.
Given that much of the TB is pulmonary, this again
highlights the need for more active and aggressive diagnosis within a rural setting.
The high incidence of TB in the initial three months
of ART compared with later may reflect an immune
reconstitution inflammatory syndrome (IRIS) to TB
infection which was present, yet undiagnosed at the
time of ART initiation; this phenomenon has been
termed unmasking tuberculosis-associated IRIS [22]. In
this analysis, incidence refers to the incidence of diagnosis of disease rather than disease per se. The quoted figures for prevalence are therefore of prevalent diagnosed
disease and the actual prevalence of disease might be
higher. Incident calculations are not affected by high
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Figure 2 Map of Hlabisa sub-district illustrating clinics and 403 patients with no prevalent TB at baseline. The low-risk incident cluster
around Hlabisa Hospital of radius = 4.2 km is shown.
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numbers of new TB diagnosis in the first two weeks,
however, as this was only recorded in 4 cases; removal
of these 4 from incidence calculations does not affect
the final rate. Obviously it is impossible to comment on
deceased or lost to follow-up cases.
The association between previous, prevalent and incident TB is complex and the subject of some debate
[8,23] and conflicting evidence [8,19,24]. Our study is
limited in the detail available about previous treatment
and the number of follow-up CD4 results available; and
therefore we were unable to confirm an association
between higher CD4 attainment during ART and
reduced TB incidence. However, we did find that previous TB was independently associated with prevalent
TB at initiation, for which there are a number of possible explanations. In areas of high transmission, for
example particular households or workplaces, re-infection may be common, particularly amongst the immunologically vulnerable. High re-infection rates may also
be explained by nosocomial spread of TB within hospitals and clinics [25]. Delayed diagnoses coupled with
lack of infection control adds to the increased risk of reinfection. Previous poor treatment adherence is another
potential explanation, as relapse of partially treated disease as immunodeficiency advances could account for
retreatment. In the absence of routine culture based
testing it is not possible to tell whether drug resistance
TB could account for the significant number of individuals requiring retreatment, but community rates of
drug resistance are high with 40-55% [26] of individuals
who gave culture specimens on retreatment showing
evidence of some drug resistance, and 27% retreatment
cases identified as MDR [27]. Drug resistant TB in the
HIV setting is of particular concern for the control of
both epidemics [6].
Separately analysing incidence in the initial three
months and thereafter allows us to illustrate the factors
strongly associated with incident TB. Male sex and
younger age were not risk factors in the cohorts in Cape
Town, Uganda and the Ivory Coast [8,19,24] but were in
the ART-LINC cohort [28] and male sex, lower CD4
and lower BMI were associated with incident TB in
Johannesburg [29]. Male gender has been historically
linked to increased TB incidence [30] but in our study
was associated with TB incidence only in the first three
months post ART initiation. This may be attributable to
illness behaviour; symptom denial at the time of presentation for ART initiation may be more common in men
and therefore higher rates of immune reconstitution TB
may be expected in men. Male sex in previous South
African studies has been associated with increased delay
in diagnosis of TB [31]. Work related or social behavioural exposure such as travel in minibus taxis may be
more common in men, and these may be areas of target
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for active case finding activities for both TB and HIV, it
would be expected however, that this higher rate in men
continue after three months which it does not in this
study. After the initial three months, we found that only
advanced HIV stage was significantly associated with
incident TB, a finding which supports other evidence
that more advanced disease at initiation is associated
with increased risk of TB disease [28].
The high TB incidence and high mortality in the first
three months after initiation of ART necessitates
improved active case finding through, amongst other
things, optimised screening practices. The high mortality
from TB in HIV infected individuals has been clearly
illustrated in South Africa [32]. The challenge can best
be addressed by the integration of TB and HIV services
[33], especially in the most rural and under-resourced
areas. Further, there is potential for investigating the use
of targeted chemoprophylaxis with isoniazid possibly
both pre and post ART initiation; although there
remains significant concern about this approach in an
area of high levels of TB drug resistance [34].
Previous studies have shown similar virological outcomes in HIV patients on ART taking concurrent TB
treatment and those not taking TB treatment [8,35].
However, these were urban patients and follow up was
less than two years. We have illustrated a non-significant trend towards detectable viral load in cases with
incident TB. A longer period of follow-up might reveal
significance. What is clear from our data is the strong
association between prevalent and incident TB and mortality. This illustrates an opportunity to select groups in
need of increased support and monitoring and advocates
for the prevention of late presentation with illness on,
and before ART.
Interestingly, the incidence of new TB cases was not
geographically uniform across the sub-district and a
cluster of unusually low TB incidence was detected surrounding the district hospital. These communities close
to the hospital have easy access to diagnostic investigations such as chest x-rays, and were within easiest
access of the first ART services in 2004/5. Both of these
reasons may have contributed to earlier ART initiation
in comparison to the rest of the sub-district. This in
turn may have resulted in a reduced risk of incident TB,
and earlier access to TB diagnosis and treatment leading
to a reduction in the community’s overall burden of TB
disease.
However, 40% of patients geo-coded to the low-risk
cluster reported living in the Hlabisa tribal area but only
supplied a postal (and not a physical) address. It is
therefore at least theoretically possible that a social
rather than a geographical clustering pattern is being
detected. This explanation is improbable, however, given
the high population concentration in this area and the
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fact that individuals are likely to live close to the area
where their post is collected. The use of geospatial techniques for analysing clustering of TB cases will aid
understanding of the TB epidemic in rural sub-Saharan
Africa (SSA), similar to the way in which mapping of
HIV cases has highlighted not only areas where high
transmission is occurring (along major transit routes
[36]) but also the targeting of areas where infection control interventions will be most effective. This analysis is
particularly important in HIV and TB co-infection
which remains a leading killer in SSA.
Our study has several limitations. The original purpose of this programme is service and not research and
care is largely provided by nurses and counsellors. It is
therefore possible that the information recorded does
not give a full picture of TB incidence. Further, in this
sub-district of 2280,000 people, where over 3,500 TB
cases are diagnosed annually, and as many as 80% of
pulmonary cases are smear negative (Tom Heller, personal communication March 2009), the possibility of overdiagnosing TB on clinical grounds cannot be dismissed.
We are restricted by lack of information on the cause of
mortality or the status of lost to follow-up patients. It is
possible that several of our deceased patients had incident TB, and some of the defaulted patients may have
been started on TB treatment.
In our study, the absence of data from the era prior to
ART hinders drawing conclusions about the potential
impact of ART on the risk of developing TB. Studies in
urban South Africa suggest a reduced incidence of TB
for HIV infected people taking ART before and after
national roll-out [8,37] and some have suggested that
the reduction in TB incidence in high and low-income
countries after HAART is as high as 70-90% [38]. However there is lack of evidence for rural populations
which face different challenges. The risk of TB whilst on
ART during long term follow-up becomes stable in our
setting at a rate six times higher than the overall TB
incidence in KwaZulu-Natal [4] which supports suggestions that ART alone will not be a fully effective TB
control strategy for several reasons, including the lack of
restoration of MTB immune response on ART to that
of an HIV negative person coupled with prolonged lifespan after ART [38].

Conclusion
To impact on the high rates of both prevalent and incident TB in this and other resource poor settings, and to
prevent associated high mortality and morbidity, a combination of strategies must be used. This should include
preventing late entry into HIV care and onto ART,
infection control measures around TB, targeted
enhanced screening and enhanced adherence support
for those on both TB and HIV treatment. The data
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presented here and reduced incidence of TB around the
hospital also suggests that more emphasis should be
placed on strengthening services away from the hospital,
either in primary care or at a household level. In order
for these strategies to be as sustainable and as effective
as possible, they will need to be integrated with each
other and into existing primary health care for other
chronic diseases. Further understanding of the TB epidemic in HIV infected individuals will be greatly
enhanced by the use of geospatial analysis of cases. The
development of TB resistance remains an important factor driving the ongoing TB epidemic, a worse tragedy
will be if TB further encourages HIV resistance and prevents ART roll-out from impacting on the high mortality rates.
Acknowledgements
The Hlabisa HIV Treatment and Care Programme is made possible by the
generous support of the American people through the United States
Agency for International Development (USAID) and the President’s
Emergency Plan (PEPFAR) under the terms of Award No. 674-A-00-08-0000100. The opinions expressed herein are those of the author(s) and do not
necessarily reflect the views of USAID or the United States Government. We
would also like to acknowledge the contribution of Colin Newell, senior
database scientist, Clemens Roll, Programme Leader 2007-2008, Claudia
Wallrauch for early data analysis and Samu Dube for data quality. We are
grateful to all the Department of Health and Africa Centre staff working in
the clinics and at the Centre - their dedication is humbling.
All authors were employed by Africa Centre for Health and Population
Studies (Wellcome Trust funded) at the time of writing.
Author details
1
Africa Centre for Health and Population Studies, University of KwaZuluNatal, Mtubatuba, South Africa. 2Department of Infectious Diseases, Imperial
College London, London, UK. 3Centre for Paediatric Epidemiology and
Biostatistics, University College London Institute of Child Health, UK.
Authors’ contributions
CH contributed to study design, data collection, data analysis and writing of
the manuscript. PM contributed to study design, data analysis and writing of
the manuscript, GC contributed to study design and writing of the
manuscript, RL contributed to study design and writing of the manuscript,
FT contributed to data analysis and writing of the manuscript and
performed the clustering analysis, MN contributed to study design, data
analysis and writing of the manuscript. All authors have read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 28 June 2009
Accepted: 10 February 2010 Published: 10 February 2010
References
1. Report on the global AIDS epidemic. Geneva: UNAIDS 2008.
2. WHO: Global Tuberculosis Control Report 2009 surveillance planning
financing. 2009.
3. Barnighausen T, Tanser F, Gqwede Z, Mbizana C, Herbst K, Newell ML: High
HIV incidence in a community with high HIV prevalence in rural South
Africa: findings from a prospective population-based study. AIDS 2008,
22:139-144.
4. Department of Health (Directorate: Health Systems Research and
Epidemiology). Notification System. Pretoria. Downloaded from Health
Systems Trust. http://www.hst.org.za/healthstats/16/data.

Houlihan et al. BMC Infectious Diseases 2010, 10:23
http://www.biomedcentral.com/1471-2334/10/23

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gandhi NR, Moll A, Sturm AW, Pawinski R, Govender T, Lalloo U, et al:
Extensively drug-resistant tuberculosis as a cause of death in patients
co-infected with tuberculosis and HIV in a rural area of South Africa.
Lancet 2006, 368:1575-1580.
Andrews JR, Shah NS, Gandhi N, Moll T, Friedland G: Multidrug-resistant
and extensively drug-resistant tuberculosis: implications for the HIV
epidemic and antiretroviral therapy rollout in South Africa. J Infect Dis
2007, 196(Suppl 3):S482-490.
Lowrance DW, Makombe S, Harries AD, Shiraishi RW, Hochgesang M,
Aberle-Grasse J, et al: A public health approach to rapid scale-up of
antiretroviral treatment in Malawi during 2004-2006. J Acquir Immune
Defic Syndr 2008, 49:287-293.
Lawn SD, Myer L, Bekker LG, Wood R: Burden of tuberculosis in an
antiretroviral treatment programme in sub-Saharan Africa: impact on
treatment outcomes and implications for tuberculosis control. Aids 2006,
20:1605-1612.
Tanser F, Hosegood V, Benzler J, Solarsh G: New approaches to spatially
analyse primary health care usage patterns in rural South Africa. Trop
Med Int Health 2001, 6:826-838.
Welz T, Hosegood V, Jaffar S, Batzing-Feigenbaum J, Herbst K, Newell ML:
Continued very high prevalence of HIV infection in rural KwaZulu-Natal,
South Africa: a population-based longitudinal study. AIDS 2007,
21:1467-1472.
South Africa National Department of Health. National Antiretroviral
Treatment Guidelines. , First 2004http://www.doh.gov.za/docs/facts-f.html.
The South Africa National Tuberculosis Control Programme. Practical
Guidelines. 2004http://www.kznhealth.gov.za/chrp/documents/Guidelines/
Guidelines%20National/Tuberculosis/SA%20TB%20Guidelines%202004.pdf.
STATA Statistical Software release 10: survival analysis and
epidemiological tables: A Stata Press Publication, StataCorp LP, College
Station, Texas. .
Kulldorff M: SaTScan v7.0: Software for the spatial and space-time
statistics. National Cancer Institute 2006http://www.satscan.org.
Huang L, Kulldorff M, Gregorio D: A spatial scan statistic for survival data.
Biometrics 2007, 63:109-118.
Kulldorff M, Heffernan R, Hartman J, Assuncao R, Mostashari F: A spacetime permutation scan statistic for disease outbreak detection. PLoS Med
2005, 2:e59.
Westreich D: Pulmonary tuberculosis at initiation of HAART and
mortality: experience from the Themba Lethu Clinical Cohort,
Johannesburg, South Africa. HIV Implementers Meeting 2008.
Makombe SD, Harries AD, Yu JK, Hochgesang M, Mhango E, Weigel R, et al:
Outcomes of tuberculosis patients who start antiretroviral therapy under
routine programme conditions in Malawi. Int J Tuberc Lung Dis 2007,
11:412-416.
Moore D, Liechty C, Ekwaru P, Were W, Mwima G, Solberg P, et al:
Prevalence, incidence and mortality associated with tuberculosis in HIVinfected patients initiating antiretroviral therapy in rural Uganda. AIDS
2007, 21:713-719.
Daley CL, Small PM, Schecter GF, Schoolnik GK, McAdam RA, Jacobs WR Jr,
Hopewell PC: An outbreak of tuberculosis with accelerated progression
among persons infected with the human immunodeficiency virus. An
analysis using restriction-fragment-length polymorphisms. N Engl J Med
1992, 326:231-235.
Shafer RW, Edlin BR: Tuberculosis in patients infected with human
immunodeficiency virus: perspective on the past decade. Clin Infect Dis
1996, 22:683-704.
Meintjes G, Lawn SD, Scano F, Maartens G, French MA, Worodria W, et al:
Tuberculosis-associated immune reconstitution inflammatory syndrome:
case definitions for use in resource-limited settings. Lancet Infect Dis
2008, 8:516-523.
Ouattara E, Messou E, Gabillard D, Seyler C, Anglaret X: Are a past history
of tuberculosis and WHO clinical stage associated with incident
tuberculosis in adults receiving antiretroviral therapy?, reply to Lawn et
al. AIDS 2007, 21:389-390.
Seyler C, Toure S, Messou E, Bonard D, Gabillard D, Anglaret X: Risk factors
for active tuberculosis after antiretroviral treatment initiation in Abidjan.
Am J Respir Crit Care Med 2005, 172:123-127.
Cruciani M, Malena M, Bosco O, Gatti G, Serpelloni G: The impact of
human immunodeficiency virus type 1 on infectiousness of tuberculosis:
a meta-analysis. Clin Infect Dis 2001, 33:1922-1930.

Page 9 of 9

26. Lin J, Sattar AN, Puckree T: An alarming rate of drug-resistant tuberculosis
at Ngwelezane Hospital in northern KwaZulu Natal, South Africa. Int J
Tuberc Lung Dis 2004, 8:568-573.
27. Sloan D: Tuberculosis management and drug resistance in Hlabisa
Hospital, KwaZulu-Natal. [Abstract 1515]. The Federation of Infection
Societies Conference. Cardiff 2006.
28. Brinkhof MW, Egger M, Boulle A, May M, Hosseinipour M, Sprinz E, et al:
Tuberculosis after initiation of antiretroviral therapy in low-income and
high-income countries. Clin Infect Dis 2007, 45:1518-1521.
29. Van Rie A: Risk factors for incident pulmonary tuberculosis after the
initiation of HAART in the Themba Lethu Clinical Cohort, Johannesburg,
South Africa [Abstract TS 82267-20]. HIV Implementers Meeting, Kampala,
Uganda 2008.
30. Jarrin I, Geskus R, Bhaskaran K, Prins M, Perez-Hoyos S, Muga R, et al:
Gender differences in HIV progression to AIDS and death in
industrialized countries: slower disease progression following HIV
seroconversion in women. Am J Epidemiol 2008, 168:532-540.
31. Meintjes G, Schoeman H, Morroni C, Wilson D, Maartens G: Patient and
provider delay in tuberculosis suspects from communities with a high
HIV prevalence in South Africa: a cross-sectional study. BMC Infect Dis
2008, 8:72.
32. MacPherson P, Moshabela M, Martinson N, Pronyk P: Mortality and loss to
follow-up among HAART initiators in rural South Africa. Trans R Soc Trop
Med Hyg 2009, 103:588-593.
33. Wallrauch C, Baernighausen T, Heller T, Houlihan C, Newell M: The white
and the three-letter plague: integration of TB and HIV care in subSaharan Africa. Future HIV Therapy 2008, 2:437-451.
34. Cohen T, Lipsitch M, Walensky RP, Murray M: Beneficial and perverse
effects of isoniazid preventive therapy for latent tuberculosis infection in
HIV-tuberculosis coinfected populations. Proc Natl Acad Sci USA 2006,
103:7042-7047.
35. Badal-Faesen : Impact of Tuberculosis on HIV viral load response in
patients accessing antiretroviral treatment at Themba Lethu Clinic,
South Africa. CROI 2008.
36. Tanser F, Barnighausen T, Cooke GS, Newell ML: Localized spatial
clustering of HIV infections in a widely disseminated rural South African
epidemic. Int J Epidemiol 2009, 38:1008-1016.
37. Badri M, Wilson D, Wood R: Effect of highly active antiretroviral therapy
on incidence of tuberculosis in South Africa: a cohort study. Lancet 2002,
359:2059-2064.
38. Lawn SD, Bekker LG, Wood R: How effectively does HAART restore
immune responses to Mycobacterium tuberculosis? Implications for
tuberculosis control. AIDS 2005, 19:1113-1124.
Pre-publication history
The pre-publication history for this paper can be accessed here:http://www.
biomedcentral.com/1471-2334/10/23/prepub
doi:10.1186/1471-2334-10-23
Cite this article as: Houlihan et al.: The tuberculosis challenge in a rural
South African HIV programme. BMC Infectious Diseases 2010 10:23.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

