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Studies in South Africa in the 1970s reported very low rates of asthma 
in indigenous blacks,1 especially in rural settings.2 The subjects 
also demonstrated low rates of allergen sensitisation. Later studies 
showed increasing prevalence rates of asthma in urban and rural 
black communities3,4 and narrowing of the urban-rural gradient.5 An 
increased allergen sensitisation rate was also noted in rural blacks,6 
with different patterns of sensitisation in those with or without 
bronchial hyper-responsiveness (BHR).5

There are few data on BHR rates in urban black children, 
associations between asthma and BHR, and the relationship between 
BHR, allergen sensitisation and other atopic diseases. We aimed to 
determine asthma and allergy phenotypes in unselected urban black 
teenagers and to associate BHR with asthma, other atopic diseases 
and allergen sensitisation.

Methods
A cross-sectional study of 211 urban black children (mean age 17 
years) of Xhosa ethnicity attending a high school a few kilometres 
from central Cape Town, was undertaken during May - September 
2005. Questionnaires administered in the preferred language (English 

or Xhosa) were modified from the International Study of Asthma 
and Allergies in Childhood (ISAAC) regarding asthma, eczema and 
rhinitis. Prevalence of asthma symptoms was assessed by determining 
the occurrence of wheeze in the preceding 12-month period rather 
than physician-diagnosed asthma.

In 206 subjects, BHR was assessed by a novel method (based on 
the Yan Protocol7) using hand-blown DeVilbiss number 45 glass 
nebulisers. Saline diluent was administered initially and thereafter 
methacholine in doubling dosages from 0.0015 mg to 0.5 mg until 
a cumulative dose of 1.1675 mg was attained. BHR was defined as a 
fall in FEV1 ≥20% at any dose below the maximal dose administered. 
The administration of methacholine by handheld nebulisers to 
assess BHR used in this study was compared with dosimeter in an 
unpublished subset of this cohort. There was a correlation between 
the handheld method and the dosimeter (Spearman correlation 
co-efficient r=0.0854, p<0.001) but there was both systematic and 
proportional bias precluding the development of a cutoff point with 
the handheld method that accurately corresponded with previously 
defined measures of BHR. Therefore the handheld method can be 
used as a gross screening test to accurately differentiate people with 
no BHR from those with some BHR, but not to delineate population 
prevalences of BHR according to the American Thoracic Society 
definition.

Skinprick tests (SPTs) were performed to house dust mites 
(Dermatophagoides pteronyssinus and Dermatophagoides farinae), 
grass mix, Bermuda grass, mould mix, cat, dog, German cockroach, 
egg-white, milk, peanut and potato (ALK-Abello). SPTs were deemed 
positive if weal size was 3 mm or more larger than the negative 
control.

Ethical approval was received from the Ethics Committee of 
the Health Sciences Faculty of the University of Cape Town, the 
Provincial Department of Education and the school where the 
research was conducted. All subjects completed informed consent 
statements.Corresponding author: M Levin (michael.levin@uct.ac.za)
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Objectives. To determine asthma and allergy phenotypes in 
unselected urban black teenagers and to associate bronchial hyper-
responsiveness (BHR) with asthma, other atopic diseases and 
allergen sensitisation.

Methods. This was a cross-sectional study of 211 urban high-
school black children of Xhosa ethnicity. Modified ISAAC 
questionnaires regarding asthma, eczema and rhinitis were 
administered. BHR was assessed by methacholine challenge using 
hand-held nebulisers. Skinprick tests (SPTs) were performed for 8 
aeroallergens and 4 food allergens.

Results. Asthma was reported in 9%, and 16% demonstrated 
BHR. Rhinitis was reported in 48% and eczema in 19%. Asthma 
was strongly associated with BHR. Asthma was associated with 
eczema whereas BHR was associated with rhinitis. SPTs were 
positive in 34% of subjects, aeroallergens in 32%, and food 
allergens in 5%. The most common sensitivities were to house dust 

mites (HDM) and German cockroach. BHR was associated with 
sensitivity to any aeroallergen, cat, HDM, cockroach and bermuda 
grass. The number of positive SPTs was associated with asthma and 
BHR. With each level of SPT positivity, there was 40% increased 
prevalence of asthma and 70% increased prevalence of BHR. The 
rate of allergen sensitisation in subjects with BHR (72%) was much 
higher than those without BHR (28%); house dust mite sensitivity 
was 69% in subjects with BHR and 18% in those without.

Conclusions. These are the highest rates of allergen sensitisation 
in subjects with BHR documented in an African setting and the 
widest difference in sensitisation rates between subjects with and 
without BHR.
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Statistical analysis
Data were analysed using STATA statistical package (StataCorp, 
Version 11). Proportions were depicted as percentages for categorical 
variables. Strength of association between variables was tested 
using a chi-square or Fisher’s exact test. Variables showing strong 
association were further analysed to determine the degree of effect. 
Prevalence ratios were deemed an appropriate measure of effect for a 
cross-sectional study. A Poisson regression model with a robust error 
variance was used to estimate prevalence ratios controlling for gender 
and age. A significance level of p<0.05 was used for all analyses.

Results
Descriptive data 
Females comprised 60% (127) of the study population (211). The median 
age was 18 years (range 15 - 24 years). The prevalence of self-reported 
asthma was 9% (20). Of the 206 subjects who had a methacholine 
challenge, 16% (32) demonstrated BHR. Symptoms of rhinitis were 
reported in 48% (101) and symptoms of eczema in 19% (41).

SPTs were positive in 34% (72). The most common sensitivities 
were to house dust mites (HDM) (26%) and German cockroach 
(17%). SPTs were positive for aeroallergens in 32% (67) of the 
subjects; 14% (29) were monosensitive to aeroallergens and 18% 
(38) had 2 or more positive skin prick tests for aeroallergens (Table 
I). SPTs were positive for food allergens in only 5% (11) – most 
commonly to egg white.

Association of asthma with BHR
Eight (40%) subjects, who reported symptoms of asthma had a 
positive methacholine challenge; having symptoms of asthma was 
strongly associated with a higher probability of BHR (p=0.005).

Subjects (N=8/32) with BHR (25%) had a much higher prevalence 
of asthma than those who did not exhibit any BHR (N=12/174, 7%). 
After controlling for age and gender, the risk of asthma in subjects 
with BHR was 4 times that of subjects without BHR (prevalence ratio 
(PR) 4.1, 95% confidence interval (CI) 1.6 - 10.1, p=0.003).

Associations of asthma and BHR with other 
atopic diseases
Subjects with a history of eczema had a significantly higher 
prevalence (50%) of self-reported asthma compared with those who 

did not have eczema (16%, PR 4.2, 95% CI 1.8 - 9.6, p=0.001). The 
prevalence of asthma in those who had rhinitis was slightly higher 
but not statistically significant. However, the presence of rhinitis was 
associated with a statistically borderline higher prevalence (69%) of 
a positive BHR test compared with those without rhinitis (44%). The 
prevalence of BHR was increased in subjects with eczema but this 
association was not statistically significant (Table II).

Association of asthma with SPT
Self-reported asthma showed a strong association with positive SPT 
to specific aeroallergens (Table III). The prevalence of positive SPT 
to aeroallergens was higher in subjects with asthma. This association 
was significantly strong for HDM, cockroach and cat. The association 
increased with the number of aeroallergen sensitivities. With each 
level of increase in SPT positivity, there was a 40% increased 
prevalence (overall trend) of asthma v. no asthma. This effect was 
statistically significant (Table IV).

Association of BHR with skin prick tests
There was a strong association between a positive methacholine 
(positive BHR) challenge and sensitivity to specific aeroallergens. 
This association was significantly strong for HDM, cockroach, cat 
and Bermuda grass (Table III).

With each level of increase in SPT positivity, there was a 70% 
increased prevalence (overall trend) of BHR v. no BHR. This effect 
was statistically significant (Table IV). Sensitivity to food allergens 
showed a weak association with both self-reported asthma and BHR, 
with prevalence ratios of 2.3 (95% CI 0.3 - 16.4) and 1.8 (95% CI 0.4 
- 7.2) respectively.

Discussion
The study population was situated in Cape Town; all were black 
children, mostly living in peri-urban shanty-towns to the east of 
the city and commuting to a school located a few kilometres from 
central Cape Town. The home environment and school were not 
near areas of major industrial pollution. The population was not 
highly parasitised, and their total IgE levels were related to atopy 
predominantly and secondarily to ascaris infection.8 The limited 
sample size could preclude generalisation of the findings to other 
populations.

Table I. Frequency of positive skin prick tests by allergen

 Allergen N
Percentage of aeroallergen 
group (N=67)

Percentage of all subjects 
(N=211)

Aeroallergen group House dust mites 54 81 26

Cockroach 35 52 17

Grass mix 11 16 5

Bermuda grass 9 13 4

Dog dander 6 9 3

Cat 5 7 2

Mould mix 2 3 1

Percentage of food 
allergen group (N=11)

Food allergen group Egg white 7 64 3

Peanut 2 18 1

Milk 4 36 2

Potato 3 27 1
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Self-reported asthma
Early data on asthma diagnosis in South Africa is scanty, although 
under-diagnosis appeared to be common. From 1963 to 1967, there 
was an admission rate of 0.02% (of all hospitalisations) in Durban 
for black children compared with 0.79% for white children.1 At 
Baragwanath Hospital, in the black township of Soweto, 3.8% of 
paediatric hospital admissions during 1992 and 1993 were for 
asthma,9 which constitutes an almost 200-fold increase in paediatric 
admissions for asthma compared with the 1969 study.1

In 1998, the International Study of Asthma and Allergies in 
Childhood (ISAAC)10 reported a 12-month prevalence of self-
reported asthma symptoms in all ethnic groups in Cape Town ranging 
from 7.5% to 17% (video questionnaire v. written questionnaire). The 
prevalence of ‘asthma ever’ was 13.3% in this group of children. 
The ISAAC study was repeated in Phase III in 2005.11 Polokwane 
participated in this phase of the study, with a documented prevalence 
of asthma symptoms of 18% using a written questionnaire – similar 
to the 20.7% in Cape Town. Although ethnicity was not recorded in 
the ISAAC study, it included all groups and attempted to take a cross-

Table III. Association of asthma and BHR with specific aeroallergens

House dust mites Cockroach Cat Bermuda grass

Yes (N=20) 10 (50%) 7 (35%) 3 (15%) 1 (5%)

Asthma
N=211

No (N=191) 44 (23%) 28 (15%) 2 (1%) 8 (4%)

PR (95% CI) 2.2 (1.3 - 3.7) 2.7 (1.4 - 5.3) 15.2 (2.1 - 111) 1.2 (0.2 - 9.2)

p-value <0.01 <0.01 <0.01 0.8

BHR
N=206

Yes (N=32) 22 (69%) 14 (44%) 4 (13%) 4 (13%)

No (N=174) 32 (18%) 21 (12%) 1 (0.6%) 4 (2%)

PR (95% CI) 3.6 (2.4 - 5.4) 3.5 (2.0 - 6.3) 40.6 (2.6 - 632) 4.7 (1.3 - 16.6)

p-value <0.001 <0.001 <0.01 0.02

BHR = bronchial hyper-responsiveness; Yes/No = presence or absence of asthma/BHR; PR (95% CI) = prevalence ratio with 95% confidence interval.

Table II. Association of asthma and BHR with rhinitis and eczema

Asthma (N=211) BHR (N=206)

Asthma 
N=20

No Asthma 
N=191 PR (95% CI) p-value

BHR  
N=32

No BHR 
N=144 PR (95% CI) p-value

Rhinitis 55% (11) 47% (90) 1.3 (0.6-3.2) 0.5 69% (22) 44% (77) 2.0 (1.0-4.2) 0.05

Eczema 50% (10) 16% (31) 4.2 (1.8-9.6) 0.001 28% (9) 17% (30) 1.5 (0.8-3.1) 0.24

BHR = bronchial hyper-responsiveness; PR (95% CI) = prevalence ratio with 95% confidence interval.

Table IV. Association of asthma and BHR with sensitivity to aeroallergens

Number of positive skin prick tests

None One Two Three and more All allergens

Asthma
N=211

Yes (N=20) 50% (10) 15% (3) 15% (3) 20% (4) Overall trend

No (N=191) 70% (134) 14% (26) 13% (24) 4% (7)

PR (95% CI) N/A 1.4 ( 0.4 - 4.7) 1.8 (0.5 - 6.1) 5.3 (1.9 - 14.9) 1.4 (1.1 - 1.8)

p-value  0.6 0.4 <0.01 0.02

BHR
N=206

Yes (N=32) 28% (9) 19% (6) 34% (11) 19% (6) Overall trend

No (N=174) 75% (131) 13% (23) 9% (15) 3% (5)

PR (95% CI) N/A 3.2 (1.2 - 8.3) 5.9 (2.8 - 12.5) 8.1 (3.4 - 19.2) 1.7 (1.4 - 2.0)

p-value 0.02 <0.001 <0.001 <0.001

BHR = bronchial hyper-responsiveness; Yes/No = presence or absence of asthma/BHR; PR (95%CI) = prevalence ratio with 95% confidence interval.
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section of the populations of Cape Town and Polokwane by purposive 
sampling of schools in different areas.

In 2004 - 2005, a questionnaire study12 of only black children 
in Polokwane found an 11.2% prevalence of wheeze, and 5.7% 
prevalence of severe wheeze in 6 - 7-year-old children.

In the present study, the prevalence of self-reported asthma was 
9% – similar to the 2005 Polokwane study but much lower than the 
ISAAC data. This apparent disparity may be partly explained by 
the different age groups, ISAAC being conducted on 13 - 14-year-
old children, and our study on grade 11 pupils (median age 18 
years); the Polokwane study used younger children. An alternate 
explanation is persistence of a different (lower) prevalence rate of 
asthma among black urban children in South Africa, reflected in the 
lower prevalence rates in urban studies of only black children when 
compared with the ethnically diverse urban population studied in 
ISAAC.

BHR
BHR has been extensively studied in both urban and rural black 
children (Table V). In 1976, the seminal study of Van Niekerk et al.2 
reported a prevalence of asthma (positive exercise challenge tests) of 
3.1% in peri-urban black children v. 0.14% in rural black children. 
Because the subjects were all of the same ethnic origin, this 20-fold 
difference was ascribed to environmental influences.

Using histamine challenge via hand-held nebulisers, Vermeulen 
found in 1990 a much higher prevalence of BHR (14.2%) among 
rural black children and adolescents (personal correspondence, 
unpublished data). Steinman’s5 study of children in 1998 reported 
increased BHR (histamine challenge) in 17% of rural black children, 
in 34.4% of urban black children, and in 33% of urban white children. 
Calvert3 reported in 2000 a higher prevalence of exercise-induced 
bronchospasm in urban (14.9%) than in rural (8.9%) black children 
aged 8 - 13 years.

In 2002, a study in Thokoza (an exclusively black community 
in Gauteng) reported a 7.3% prevalence of exercise-induced 
bronchoconstriction (EIB) in 9 - 10-year-old children.4

Our prevalence of BHR (positive methacholine challenge) was 
lower than that reported by Steinman,5 similar to Calvert’s study3 in 
black children that utilised exercise challenge, but higher than the 
study in Thokoza.4

Differences in the methods used to induce hyper-reactivity could 
account for some of the differences (histamine or methacholine 
challenge is likely to be more sensitive for asthma than exercise 
challenge, but less specific).

However, there is evidence that the prevalence of BHR and asthma 
has been increasing over time in the same ethnic group in urban 
and rural areas and that the urban-rural gradient is narrowing. This 
probably represents the effect of changes in both the urban and rural 
environments.

Association between BHR and asthma
Although there is a strong statistical association between BHR and 
asthma, there is limited overlap between both conditions. BHR is not 
a consistent feature in asthma,13,14 but the limited overlap (40%) in 
this study may call into question both diagnostic methods. The hand-
held methodology used to assess BHR limits it to a gross screening 
tool. In addition, there may be inaccuracies in the self-diagnosis of 
asthmatics by questionnaire in this population. Most studies find 
discrepancies between questionnaire-based self-diagnosis of asthma 
and other measures of asthma such as by video questionnaires,15-17  
physician-diagnosed asthma and asthma control tests.18 Language 
differences and discordant definitions of medical terminology19 may 
lead to inaccuracies in self-diagnosed asthma and physician diagnosis 
of asthma in this setting.20

Association between BHR and asthma with 
other atopic diseases
The prevalence of symptoms of rhinitis (48%) is higher than that 
reported by the ethnically diverse 13 - 14-year-old children in both 
ISAAC I in 1995 (30.4%) and ISAAC III in 2002 (38.5%).21 The 
prevalence of symptoms of eczema (19%) is higher than that reported 
in ISAAC I (11.8%) and very similar to that in ISAAC III (19.4%).

In Wichmann’s 2005 study12 of  black children in Polokwane, the 
presence of eczema symptoms and rhinoconjunctivitis symptoms 
increased the likelihood of wheeze by 104% (odds ratio (OR) 2.04) 
and 226% (OR 3.26) respectively. Rhinoconjunctivitis was also a 
predictor of severe wheeze (OR 2.07).

In the present study, asthma was significantly associated with a 
higher prevalence of eczema (PR 4.2) whereas positive BHR was 
associated with a higher prevalence of rhinitis (PR 2.0).

Association between BHR and asthma with 
skin tests
Allergen sensitisation has been extensively studied in black children 
(Table VI). Van Niekerk et al. found no sensitisation to house dust mite 
(positive skin test) in rural black asthmatics, but a 65% sensitisation 
rate in urban black asthmatic children and teenagers. Potter et al.6 
found no specific IgE to house dust mites in (unselected) rural 
black children. Vermeulen (written correspondence, unpublished 
data) found low sensitisation rates (positive SPT >2 mm) in rural 
unselected black children, which were not significantly different 
between those with BHR (6.2%) and those without (5.5%). SPTs 
were positive for HDM in 6.2% of both groups. However, there was 
a significant difference in allergen sensitisation by IgE testing in 
those with BHR (21.3%) compared with those without (14.4%) – 
predominantly owing to differences in grass and mould sensitisation.

Of 455 black asthmatic children attending asthma clinics in Soweto22 
(1991 - 1993), 69.8% had a positive skin test to one or more of a panel 
of 11 aeroallergens. Bermuda grass sensitivity (46.3%) was the most 
common allergen, followed by D. pteronyssinus (44.2%). However, the 
investigators used a cut-off of any reaction larger than the negative 
control as being a ‘positive’ skin test. High rates of other atopic diseases 
were also present, with 54.5% of children having a history of hay fever, 
36.3% conjunctivitis, 18.7% eczema, and 15.5% food allergy.

Steinman et al.6 documented high levels of house dust mite 
sensitisation in rural and urban Xhosa children in 1998 and found no 
association between BHR and positive SPTs in urban black children 

Table V. Bronchial hyper-responsiveness in urban and rural 
black children and adolescents

First author, year of 
study enrolment Population

Method of 
assessment of 
BHR

BHR 
percentage

Levin 2005 Urban Methacholine 15.5

Mashalane4 2002 Urban Exercise 7.3

Calvert3 2000 Rural Exercise 8.9

Urban Exercise 14.9

Steinman5 1998 Rural Histamine 17

Urban Histamine 34.4

Vermeulen 1990 Rural Histamine 14.2

Van Niekerk2 1976 Rural Exercise 0.14

Urban Exercise 3.17
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(42.3%). However, in rural black children, allergen sensitivity (raised 
specific IgE) was found to be more common in those with BHR (62.5%) 
than those without BHR (36.6%). In addition, they found an association 
between BHR in rural black children and specific IgE to house dust 
mites (37.5% of those with BHR, 13.4% of those without) and grass 
pollen.

In Calvert’s 2000 study,3 SPTs were positive in 31.2% of subjects 
with EIB compared with 23.9% of controls (p=0.02). The geometric 
mean weal size was significantly larger in those with EIB than those 
without EIB. Urban children were twice as likely to have a positive 
skin test result compared with rural children. The difference in EIB 
risk between urban and rural subjects was associated with atopy and 
affluence.18

This study showed a significant association between positive 
methacholine challenge and sensitivity to any aeroallergen (PR 1.7), 
cat (PR 7.2), HDM (PR 5.7), cockroach (PR 3.6), and Bermuda grass 
(PR 3.0). Allergen sensitivity (one or more positive skin prick tests) was 
far more common in those with BHR (72%) than those without BHR 
(28%). House dust mite and cockroach sensitivities were the dominant 
prevalent allergens, similar to inner city children in the USA.

The study confirms the increasing prevalence of allergic 
sensitisation in black teens in Cape Town and the difference in 
sensitisation rates between these and rural black subjects. It also 
demonstrates a gradient that appears to be increasing in allergic 
sensitisation rates between children with BHR and those without 
BHR. SPTs may be a useful investigation in assessing asthma and 
BHR in such subjects.
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Table VI. Allergen sensitisation in urban and rural black 
children and adolescents
First author, 
year of study 
enrolment

Cohort 
characteristics

Allergen 
reported Percentage

Levin 2005 Urban - BHR ≥1 allergen*
HDM*

27.6
18.4

Urban + BHR ≥1 allergen*
HDM*

71.9
68.8

Calvert3 2000 Urban + rural - EIB
Urban + rural + EIB

≥1 allergen*
≥1 allergen*

23.9
31.2

Steinman5 1998 Rural - BHR ≥1 allergen†

HDM†
36.6
13.4

Rural + BHR ≥1 allergen†

HDM†
62.5
37.5

Urban ≥1 allergen* 42.3

Vermeulen 1990 Rural - BHR ≥1 allergen†

HDM*
14.4
6.2

Rural + BHR ≥1 allergen†

HDM*
21.3
6.2

Potter6 1990 Rural HDM† 0

Van Niekerk2 
1976

Rural asthmatics
Urban asthmatics

HDM*
HDM*

0
65

*Denotes skin prick test.
†Denotes ImmunoCAP RAST.

BHR = bronchial hyper-responsiveness; EIB = exercise-induced bronchospasm.


