
Rates of tuberculosis transmission to children and adolescents
in a community with high adult HIV prevalence

Keren Middelkoop, MBChB1, Linda-Gail Bekker, MBChB, FCP, PhD1,2, Landon Myer, MA,
MPhil, PhD3,4, Rodney Dawson, MBChB, FCP Cert Pulm5, and Robin Wood, BM BCh, FCP,
MMed1

1Desmond Tutu HIV Centre, Institute of Infectious Diseases & Molecular Medicine, University of
Cape Town, Cape Town, South Africa
2Department of Medicine, University of Cape Town, Cape Town, South Africa
3Infectious Diseases Epidemiology Unit, School of Public Health & Family Medicine, University of
Cape Town, Cape Town, South Africa
4Department of Epidemiology, Mailman School of Public Health, Columbia University, New York,
USA
5Centre for TB Research Innovation, University of Cape Town Lung Institute

Keywords
tuberculin skin test; HIV; TB transmission; children; annual risk of TB infection

Background
The current WHO recommended directly observed therapy short course (DOTS) strategies
are insufficient to contain the tuberculosis (TB) epidemic in countries with high HIV
prevalence [1–3]. It is unclear how the HIV-related TB epidemics impact the children in
affected communities. The tuberculin skin test (TST) is an epidemiological tool to measure
TB infection; as the prevalence of TB among young children may be interpreted as
incidence, these data can be used to calculate an annual risk of tuberculosis infection
(ARTI). While limitations due to the methodological weaknesses inherent in this technique
are recognized [4, 5], TST surveys are valuable in identifying low case detection rates in TB
programs in communities and in assessing the impact of an HIV-driven TB epidemic [6].
TST surveys have an important role in understanding the impact of these dual epidemics on
children.

In the pre-chemotherapy era Styblo described a fixed relationship between ARTI and smear-
positive disease incidence [7]. This theory has been criticized [5], and the advent of TB
chemotherapy would alter any relationship between ARTI and incidence [4, 5, 8, 9]. TB
treatment increases survival rates and reduces person-time of infectiousness in a community,
thereby reducing infection risk [4] and subsequently decreasing TB prevalence and
incidence. However these factors are all dependent on the performance of the TB control
program [4, 5, 8] which may vary over time and place. The relationship between ARTI and
TB incidence may again have been altered by the impact of the HIV epidemic on TB. This
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change is postulated based on the increase in both smear-positive and smear-negative TB
cases in areas with high HIV prevalence, and the changes in the duration of infectiousness of
HIV-positive TB cases [4, 10]. However there is conflicting evidence as to whether HIV-
positive TB cases are as infectious as HIV-negative TB patients [11–13].

There have been few studies on the impact of the HIV epidemic on TB infection in children,
and available findings are mixed. One study from Tanzania reported a significant drop in
ARTI in 6 to 14 year olds from 1983 to 2003 [14] in the context of an increasing HIV
epidemic (HIV prevalence 7–11% [15]). This trend was reported despite increasing TB
notification rates [14]. In 1994 a study of Ugandan children reported a drop in ARTI among
school going children [16]. In contrast, research from Kenya reported an increased ARTI
from 1986 to 1996, associated with an increasing TB epidemic in high HIV prevalence areas
[17]. These surveys have reported ARTIs ranging from 0.68% to 1.2% [14, 16, 17], and the
variability in ARTI may be due to differing performance of TB control programs in the
study communities. There is little recent published tuberculin skin test data from southern
Africa where HIV prevalence has reached unprecedented levels [18].

We have previously reported on the growing TB epidemic in a peri-urban township heavily
affected by HIV in Cape Town, South Africa. The HIV prevalence among adults in this
community is 23% [19] and among adolescents ages 11 to 19 years, 10% [20]. The National
TB Control Program, based on WHO DOTS recommendations, is well run with treatment
completion and cure rates of sputum positive cases of approximately 80% [21] and case
finding rates of 67% in HIV-negative smear-positive patients but lower for HIV-positive
smear-positive patients [19]. However, local tuberculosis (TB) notification data shows a
rapid escalation in TB notification rates in adults from 789/100,000 in 1996 to levels of over
1,900/100,000 in 2005, with the incidence rates of smear-positive TB in this age group
increasing from 326/100,000 in 1996 to 1,307/100,000 in 2005 [3,19]. A cross-sectional TB
prevalence survey in 2005 showed an overall smear-positive pulmonary TB prevalence rate
of 1,495/100,000, and 0.8% of these cases were untreated [19]. We believe that, in this
community with an adequate TB control program, the HIV epidemic is driving the increase
in TB incidence [3]. To better understand patterns in the transmission of TB in this context
we assessed the prevalence of TB infection in children ages 5 to 17 years in this setting of
increasing TB and HIV prevalence.

Methods
The tuberculin survey was performed in a sample of children attending school in the above-
mentioned community, which comprises of approximately 13,000 predominantly Xhosa-
speaking individuals living in a very poor, high-density residential area. A cross-sectional
survey was performed in two stages in school children attending the local government
primary school. Children were eligible if they were resident in the community and registered
at the local school. Children from grades 1 to 3 at the school were enrolled in October 2006
and children in grade 5 to 7 were enrolled in October 2007. Parental consent, and assent
from participants >6 years of age, were obtained prior to enrolment. The survey was
performed on the school premises. Basic demographic information was collected on each
participant. All participants were examined for the presence of a BCG scar, and participants
received the TST regardless of BCG scar status. The WHO-recommended standard of 2TU
of PPD (Purified Protein Derivative) RT23 with Tween 80 (Statens Seruminstitut,
Copenhagen) was administered intradermally to the volar surface of the left forearm by a
trained nurse.
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The reaction size to the tuberculin was read by a trained reader at a second visit performed 3
days following the inoculation. The presence or absence of a reaction was noted, and, where
present, the induration was measured along perpendicular axes using standard calipers.

This study was approved by the University of Cape Town’s Research Ethics Committee and
all procedures were in accordance with the ethical standards of this committee and the
Declaration of Helsinki, 1975, as revised in 1983. All children with a TST reaction ≥10mm
were recalled for investigation for active tuberculosis and children with signs or symptoms
of active disease were referred to the local clinic for further management.

Data were analyzed using STATA 9.0 (StataCorp, College Station, Texas). Results reported
here are calculated as the mean of the two diameters of the TST reaction: a positive reaction
was defined at 10mm and 17.4mm cut-off points in separate analyses. The 10mm cut-off
was based on guidelines for infection in clinical settings [22]; 17.4mm cut-off was
determined as the mean reaction excluding all non-reactors [23]. ARTI was calculated as 1-
(1-prevalence)1/(mean age+0.5). As the age in full years at participants’ last birthday was used,
0.5 was added to the mean age for the calculation of ARTI [23]. The cohort was divided into
age groups of 5–8, 9–11, 12–14 and 15–17 years and prevalence and ARTI were calculated
overall and for each age group. Bivariate analyses employed Student’s t- and Fisher’s exact
tests, as appropriate; for comparison of TST results between different groups, Wilcoxon sum
rank tests were used. Multiple logistic regression models were developed to examine factors
associated with positive TST results. A chi-square for trend was used to assess for a trend
between age and ARTI, as well as for changes in TB notification rates over the 5 year
period. All statistical tests are 2-sided at α=0.05.

The number of notified TB cases in children was obtained from the TB register at the
Masiphumelele TB clinic, and tuberculosis prevalence rates were calculated using the 1996
South African National Census, and the 2003, 2004 and 2006 house-to-house census
performed by the Desmond Tutu HIV Centre. Ratios of TB prevalence and incidence to new
TB infections were calculated from the ARTI and from TB prevalence and incidence data
already published for this community [3, 19].

Results
Of the 1060 children enrolled in the target grades at the primary school, 1020 were eligible
for study participation (96%). Ineligibility was due to living outside of the community
(n=18) and having dropped out of school during the course of the year (n=22). Consent was
obtained from the parents of 837 children (82% of those eligible). The parents of 44 children
refused consent (4%) and 137 children had incorrect locator information in the school
register (13%). We enrolled 832 children (99% of consented children). The outstanding five
children were not enrolled due to persistent absenteeism. Tuberculin reaction was assessed
in all children who were inoculated, except one who relocated before her reaction was
assessed. She has thus been excluded from the analysis (n=831).

Table 1 shows the demographic characteristics of the study cohort. Ages ranged from 5 to
17 years, with a mean age of 10.7 years, and 52% of the participants were male. The
majority of the children did not have a BCG scar (74%); one child’s BCG scar status was
unobservable due to burn scars on the upper arm, and he was thus excluded from analysis
involving BCG scar status. In crude analysis, older children were more likely to have BCG
scars (p<0.001 comparing children above and below the mean age).

The frequency distribution of reaction sizes for positive TST results is presented in Figure 1.
There was no significant difference between the mean reactions of participants with BCG
scars compared to those without scars (6.2 vs 7.0mm, respectively, p=0.28).
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The cut-off point determined by the mean of non-reactors was 17.4mm. At the 10mm cut-off
311 participants (37%) had a positive TST result; at the 17.4mm cut-off 171 participants
(21%) had a positive result. At both the 10mm and 17.4 mm cut-off points there was no
significant difference in the defined TB positivity by gender (p=0.97 and p=0.69
respectively) or BCG status (p=0.39 and p=0.08 respectively). In a logistic regression model
predicting the relative odds of a positive TST result, age was positively associated with a
positive TST result at both the 10mm cut-off (adjusted odds ratio (OR) for a 1-year increase
in age: 1.19, 95% CI: 1.12 – 1.25; p<0.001), and at the 17.4mm cutoff (adjusted OR 1.19,
95% CI: 1.12 – 1.27).

The total ARTI for this sample was 4.1% at 10mm cut-off, and 2.0% at 17.4mm cut-off. The
ARTI did not differ significantly across the age quartiles for the 10mm or the 17.4mm cut-
off (p=0.50 and 0.39 respectively). Table 2a and 2b report TB prevalence and ARTI by age
quartiles for both cut-off points.

TB notification rates in children ranged from 456/100,000 in 1999 to 395/100,000 in 2005.
Figure 2 shows the change in notification rates of total TB cases, smear-positive pulmonary
TB in adults and TB in children in this community from 1999 to 2005. Total TB rates in the
population and smear-positive TB rates in adults has increased significantly over this period
(p<0.001 for both, by test for trend). However, TB notification rates in children have not
changed significantly over the same period (p=0.48, by test for trend).

The ARTI of 4.1% should result from 4,100/100,000 exposures in a year. Based on the
incidence of new smear-positive infections in 2005 (1,459/100,000) [19], we estimated that
the ratio of TB incidence to new infections is approximately 1:2.8. Given that 0.8% of
smear-positive cases in the community are untreated [19], the ratio of prevalence to new
infections is 1: 5.

Discussion
To our knowledge this is the first paper from southern Africa reporting ARTI in the context
of a rapidly growing HIV and TB epidemic. ARTI is a measure of tuberculosis infection risk
of previously unexposed individuals. A fixed relationship between TB prevalence as a
measure of ARTI and incidence of smear-positive disease was proposed in the pre-
chemotherapy era [8], although this relationship is increasingly questioned [5]. It is
recognized that chemotherapy, TB case-finding and the performance of the TB control
program also affect ARTI by modifying the person-time of infectiousness in the community
[4, 5, 8, 9]. The HIV epidemic has a profound influence on the epidemiology of
tuberculosis. However, TB-HIV co-infected individuals may be less likely to infect their
close contacts than HIV-negative TB cases [11, 12]. The relationship between ARTI and
HIV-associated TB at a population level is therefore unclear. This study was performed in a
well-defined community with detailed information on TB incidence and prevalence, TB
control program performance parameters together with longitudinal data on HIV and HIV/
TB prevalence.

The main finding of the study is that regardless of the cut-off used for positivity, the ARTI
observed in this study was markedly higher than those documented in other sub-Saharan
countries which were heavily affected by HIV (2.0 or 4.1% in our study vs 0.68–1.2% in
others). Prevalence of latent TB infection of 70 – 83% among young HIV-uninfected adult
controls from similar communities in Cape Town is consistent with this high ARTI rate [24,
25]. With no TST results between 0 and 5mm and little evidence of the cross reaction with
environmental mycobacterium that was present in other studies, the high prevalence of TB
infection allowed us a unique opportunity to accurately assess ARTI by age strata, providing
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a measure of prevalence over time. Surprisingly, we found that the ARTI remained constant
across the age range of 5–17 years despite children being exposed to a rapidly escalating TB
epidemic. This finding is further supported by the TB notification rate in children under 14
years of age remaining unchanged over the past 7 years, although it should be noted that as
TB case detection rates are low in this community there may be more TB cases among
children than detected by the TB control program.

We have shown previously that HIV is driving the increasing TB epidemic, especially
among adults aged 20–40 years in this community, an age group with the highest HIV
prevalence [3]. However ARTI has remained stable during a period when adult HIV
prevalence has increased from 14% to 23% [3, 19]. In 2005 over 70% of TB patients were
co-infected, and TB notification rates in HIV-positive patients were nearly seven fold higher
than HIV-negative patients [3]. Therefore it appears that HIV-associated TB can not be the
major driver of the ARTI in this community. This would be consistent with the findings in
other studies of lower infectivity of HIV-TB co-infected patients [11, 12]. It may also reflect
that children are not proportionately affected by the HIV epidemic as their predominant
social contacts are peers, parents and teachers.

Despite a significant increase in total PTB and in smear-positive PTB among adults in this
community over the past 5 years, the TB incidence among children has remained stable. The
ratio of ARTI to new incident smear-positive cases dropped from 1:6 in 1999 to 1:3 in 2006.
However the more relevant ratio between ARTI and untreated smear-positive disease was
only 1:5 in 2005.

These data are based on a small study sample performed at a single school in one
community and therefore they may not be generalisable to other regions.

Since 1960 the South African policy has been to vaccinate all infants with the BCG vaccine
[26]. However only 25% of the children in this study had an observable BCG scar, although
BCG scarring may be variable [27, 28]. We also found no difference in the distribution of
TST results between those children with or without BCG scars, and we therefore included
all children in the analysis. This lack of correlation between the presence of a BCG scar and
tuberculin reaction has been shown in other studies [28–30].

HIV testing was not performed in this survey as this may have adversely affected parental
willingness to consent to their child’s participation. Study participants were born between
1990 to 2001, when the reported HIV prevalence at antenatal clinics ranged from 0.7 to 24%
[31]. This was prior to the introduction of the prevention-of-mother-to-child-transmission
program. With a transmission rate of approximately 30%, we estimate that 0.2% of the older
cohort and up to 7% of the younger children may have been infected with HIV perinatally.
However considering the high early mortality rate among infected children [32], it is
probable that a maximum of 0.1 to 4% of children in this study sample might be HIV-
infected. This is a small percentage and is unlikely to have had a large impact on the TB
prevalence. However, any impact of HIV on the prevalence would also be offset by the skin
test anergy caused by advanced HIV disease, resulting in false negative TST reactions.
Furthermore, it is possible that there is a bias in school attendees, and that non-school
attending children may have higher TB infection rates; this may have resulted in an
underestimation of the TB prevalence.

An ARTI of 2.0% – 4.1% pa would result in the majority of individuals being latently
infected before reaching adulthood, as well as ensuring continued exposure of these
individuals to further TB infections. The combination of high latent infection, repeated
ongoing exposures and an extremely high lifetime risk of HIV-infection may go a long way
to explain the explosive epidemic of HIV/TB [3]. TB control will require measures targeted
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at decreasing ARTI. The TB control program implements a DOTS policy and reports
treatment completion rates >80%. Smear-positive case finding is below WHO targets and
could be improved by active case finding among both HIV-negative and HIV-positive
individuals. Isoniazid preventative therapy is not routinely used in either TB control or HIV
programs and its role needs to be explored. An ART treatment program has been instituted
with >30% of HIV-infected individuals on therapy (data not shown). While ART will likely
decrease TB rates in the HIV-infected the findings of this study would suggest that this
measure is unlikely to positively impact on the ARTI, possibly as this measure may provide
limited information about an epidemic in population groups not primarily composed of the
participants’ parents and teachers. In this poor community social policies to improve
housing and decrease crowding also can not be ignored.

This study shows high ARTI rates among school-going children in this setting of rapidly
growing TB and HIV epidemics. The ARTI observed was markedly higher than those
published for other sub-Saharan countries similiarly affected by HIV. The ARTI was
constant across the age groups reported, indicating that the HIV-driven TB epidemic has not
directly affected children in this community. Novel strategies for reducing the ARTI need to
be considered and this highlights the importance of improving understanding of TB
transmission in this setting.
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Figure 1.
Frequency distribution of positive TST reactions
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Figure 2.
Changes in notification rates of total TB, smear-positive pulmonary TB in adults and TB in
children (under 14 years) in the study community from 1999 to 2005.
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