
ORIGINALNiger J Paediatr 2023; 50 (4):178 – 185

Olatunde Adegboyega Odusote
Peter Odion Ubuane
Akpojeme Ovwighuo Afiemo
Ibironke Jadesola Akinola
Ayodeji Olushola Akinola

Frequency and pattern of skin-
prick aero-allergic sensitization
among children with asthma in
Lagos, Nigeria

Accepted: 13th September 2023

Olatunde Adegboyega Odusote,
Peter Odion Ubuane,
Akpojeme Ovwighuo Afiemo,
Ibironke Jadesola Akinola,
Ayodeji Olushola Akinola,
Department of Paediatrics,
Lagos State University Teaching
Hospital, Ikeja, Lagos, Nigeria
Email: todusote@gmail.com

(      )

DOI:http://dx.doi.org/10.4314/njp.v50i4.3

Abstract: Background: Among
children with asthma, aero-allergen
sensitisation (AS) results in poorer
outcomes, necessitating allergen
control. However, the spectrum of
AS in childhood asthma in Nigeria
is not well-known. We describe the
prevalence and pattern of skin-
prick AS among children with
asthma seen at the paediatric al-
lergy clinic of the Lagos State Uni-
versity Teaching Hospital, Ikeja,
Lagos, Nigeria.
Methods/Material: Retrospective
review of routinely-collected data
of asthmatic children who had skin
-prick test (SPT) at the Paediatric
Allergy clinic, conducted with a 9-
allergen-extracts kit comprising
house-
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Moreover, the few published reports of AS among Nige-
rian children with asthma were mostly conducted many
years ago.13,14,21 We thus aimed to describe the fre-
quency, pattern (types) and predictors of AS among
children with asthma in our clinic. This knowledge may
guide the provision of locally-contextualised aller-
gological services like the appropriate choice of allergen
panel and immunotherapy in the face of the increasing
local prevalence of allergic diseases.3,22,23

Materials and Methods
Ethical considerations

The study was approved by the Health Research Ethics
Committee, Lagos State University Teaching Hospital,
as part of a larger study on Gaps in Asthma Care in our
unit, with the overall aim of optimising asthma care
(LREC/06/10/1487). Routine clinical pre-procedural
informed consent was obtained from parents/guardians
and assent was obtained from the children after explain-
ing the procedure.

Study design and population

This is a retrospective review of the data of all children
with asthma who had SPT at the paediatric allergy clinic
since January 2019 (routine allergy testing was not
available in the clinic before this time). The children had
been previously diagnosed with asthma and were on
routine outpatient asthma follow-up. The clinic diagno-
ses asthma using the clinical diagnostic criteria of the
Global Initiative of Asthma (GINA) consisting of the
presence of episodic or variable wheeze, cough, chest
tightness and breathlessness; this is sometimes supple-
mented with lung function testing with peak flow meter
or spirometry when available.2

Skin prick procedure

Before SPT, we routinely use a purpose-designed form
to obtain the following data from parents/guardians and
the child’s medical records: demographic (age, sex),
socio-economic (parental occupation and education) and
clinical data (family history of allergy). The lead author,
a consultant allergologist, conducted standardised SPT10

according to the guidelines of the Australasian Society
of Clinical Immunology & Allergy (ASCIA),17 using a
commercial allergen tool-kit consisting of nine standard-
ised aqueous allergen extract and  two control solutions
(histamine and saline) supplied in multi-use dropper
bottles (ALK-AbelloTM, Spain). The extracts comprised
house-dust mite (HDM), namely Dermatophagoides
pteronysinnus (Der p), Dermatophagoidesfarinae (Der
f) and Blomia tropicalis (Blo t); cockroach; cat, dog,
Aspergillus fumigatus, Alternaria alternata; and grass
mix. During SPT, the forearm is placed on a table to
expose the skin of the volar surface, mid-way between
wrist and elbow. This area was cleaned with alcohol
wipe. Positions for the different extracts and control

solutions were marked and numbered on the skin with a
non-permanent pen. A drop of each solution was placed
at these points, avoiding admixture. A sterile lancet was
then used to gently prick on the skin through the middle
of each drop of fluid, driving it between epidermis and
non-vascular upper dermis. The drops of fluid were
swiped off from the skin and the child asked to wait for
15 minutes at the end of which the prick sites were ex-
amined for wheals. The circumference of each wheal
area was measured with a ruler in millimetres. A posi-
tive SPT was defined as a wheal area more than 3mm
greater than the control (which should be 0 mm), with
histamine wheal of at least 3mm.

Data management

Data were analysed with JASP Statistics™ version
0.16.4 (University of Amsterdam, The Netherlands;
https://jasp-stats.org). We computed socioeconomic
status (SES) using a recently validated scale by Ibadin
&Akpede24 (revised from an older scale by Oyedeji25).
The scale derives an averaged numerical score of 1-6
aggregated from both parents’ education and occupa-
tion; then further classified as high (1 and 2), middle (3
and 4) and low socioeconomic class (5 and 6). The dis-
tribution of continuous variables was assessed with
Shapiro-Wilk test and visual inspection of graphical
plots. Categorical variables were summarised with
counts (n), percentages (%) and 95% CI, while continu-
ous variables were summarised with median, interquar-
tile range (IQR) and range. Continuous and categorical
variables were compared between subgroups using
Mann-Whitney U-test and Fisher’s exact tests, respec-
tively. Statistical significance was assessed as p value <
0.05 while effect sizes were assessed with crude odds
ratio (OR) with 95% CI. Cohen’s kappa test of agree-
ment was used to assess the concordance (cross-
reactivity/cross-sensitisation) between HDM and cock-
roach allergies, and among HDM subtypes. Kappa val-
ues (κ) 0.0-0.2, 0.21-0.39, 0.40-0.59, 0.60-0.79, 0.80-
0.90 and > 0.90 were respectively assumed equivalent to
no, minimal, weak, moderate, strong and excellent con-
cordance.26

Results

Overall, 58 children with asthma (35 boys, 60.3%) had
SPT from January 2019 to May 2021. Two children had
used anti-histamine within the preceding two days but
their data is included herein; one was sensitised while
the other was not.

Socio-demographic and socio-economic characteristics

The age range was 2-17 years, with median (range; IQR)
age among girls, boys and the total sample being 8.0
(2.0, 15.0; 6.0), 6.0 (3.0, 17.0; 5.0) and 7.0 (2.0, 17.0;
5.0) years, respectively, with no significant sex differ-
ence (Mann-Whitney W=434.5, P = 0.614). Most of
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them (49/58; 87.5%) belonged to middle-class families;
12.5% (7/58) and 3.7% (2/58) were of upper and lower
SES, respectively.

Frequency and pattern of clinical allergy and skin-prick
aero-allergen sensitisation

Sensitisation (positive SPT to at least one allergen) oc-
curred in 86.2% (n=50/58; 95% CI= 74.6, 93.9) of them,
with about two-thirds (65.5%; 38/58) polysensitised
(Table 1). Figure 1 shows that the sensitisations were
house-dust mites allergy [82.1% (n=46/56; 95%
CI=69.6, 91.1), comprising Dermatophagoides farina
(67.9%; 95% CI= 54.0, 79.7), Blomia tropicalis (64.3%,
95% CI= 50.4, 76.6 ) and Dermatophagoides ptero-
nysinnus (51.8%, 95% CI=38.0, 65.3)]; cockroach al-
lergy (39.3%, 95% CI=26.5, 53.2); moulds allergy, com-
prising Aspergillus fumigatus (3.6%, 95% CI=0.4, 12.3)
and Alternaria alternata (1.8%, 95% CI=0.0, 9.7 )]; pet
allergy, comprising cat 1.8% (95% CI=0.0, 9.6) and dog
allergies (1.8%, 95% CI=0.0, 9.6)]. None of the children
had grass (pollen) allergy (0%).

Table 1: Frequency of allergen sensitisation

Sensitization frequency
Frequency

95% CI
N (%)

Sensitization*
Yes 50 (86.2) 74.6, 93.9
No 8 (13.8) 6.1, 25.4

0 8 (13.8) 6.1, 25.4
1 12 (20.7) 11.2, 33.4
2 11 (19.0) 9.9, 31.4
3 14 (24.1) 13.9, 37.2
4 11 (19.0) 9.9,31.4
5 2 (3.4) 0.4, 11.9

Number of aero-allergens†

*Sensitization to at least one aero-allergen
† Monosensitisation is sensitisation to one aero-allergen while
polysensitisation is sensitisation to two or more aero-allergens
Abbreviations: N, number of patients; CI, confidence intervals

Fig 1: Frequency and types of skin-prick aero-allergen sensitisation

The commonest form of aero-allergen sensitisation were allergies to house-dust mites
(Dermatophagoides farina, Blomia tropicalis and Dermatophagoides pteronysinnus). None of the
children had pollen (grass mix allergy).

Socio-demographic determinants of aero-allergen sensi-
tisation pattern

Neither allergen sensitisation (AS) nor polysensitisation
was significantly associated with any of the socio-
demographic factors (Table 2 and 3, respectively). How-
ever, compared with younger children (< 7 years), older
children (≥ 7 years) had about 4-fold increased odds of
allergen sensitisation [OR (95% CI) = 3.82 (0.70,
20.80), P=0.138] (Table 2) and 3-fold increased odds of
polysensitisation [OR (95% CI) =2.85 (0.92, 8.78),
P=0.097; Table 3]. Similarly, boys had a 3-fold higher
odds of AS (OR (95% CI)= 2.96 (0.63, 13.87), P =
0.244; Table 2) and a 2-fold higher odds of polysensiti-
sation (OR (95% CI)=1.92 (0.64, 5.80), P=0.271; Table
3), compared to female sex, while upper socioeconomic
status (SES) was associated with a 3-fold higher odds of
AS compared to middle SES [OR (95% CI)= 3.07 (0.16,
59.07), P=0.577] (Table 2).

Cross-sensitisation among allergens

Cross-tabulations show that 81.8 % (18/22) of children
with cockroach allergy also had HDM allergy while
39.1 % (18/46) of those with HDM allergy also had
cockroach allergy but there was no concordance be-
tween HDM and cockroach allergies [kappa (95% CI) =
-0.004 (-0.18, 0.17)]. Among the subtypes of HDM al-
lergy, 89.7% (26/29) of children with Der f allergy also
had Der p allergy while 68.4% (26/38) of those with Der
f had Der p allergy and there was weak concordance
between the two allergies (kappa= 0.46 (0.24, 0.68).
Also, 86.2% (25/29) of those with Der p had Blo t al-
lergy, while 69.4% (25/36) of those with Blo t allergy
had Der p allergy and the concordance between Der p
and Blo t allergies was 0.46 (0.23, 0.68); 76.3% (29/38)
of those with Der f had Blo t allergy while 80.6%
(29/36) of those with Blo t allergy also had Der f allergy
and the concordance was weak (κ = 0.36 (0.11, 0.62).
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Discussion

In this essentially exploratory retrospective descriptive
report on the frequency, pattern and social-economic
determinants of AS among these predominantly middle-
income urban-dwelling asthmatic children who had SPT

Table 2: Socio-demographic determinants of allergen sensitisation

Factors

Allergen sensitization*
OR
(95% CI)

Fisher's exact value
(95% CI)

PYes
N (%)

No
N (%)

Total
N (%)

Age (years)
≥ 7 28 (93.3) 2 (6.7) 30 (00.0) 3.82(0.70, 20.80) 3.73(0.59, 41.38) 0.138
< 7 22 (78.6) 6 (21.4) 28 (100.0)
Total 50 (86.2) 8 (13.8) 58 (100.0)
Sex
M 32 (91.4) 3 (8.6) 35 (100.0) 2.96 (0.63, 13.87) 2.91 (0.50, 20.93) 0.244
F 18 (78.3) 5 (21.7) 23  (100.0)
Total 50 (86.2) 8 (13.8) 58  (100.0)

Family history of allergy†

Yes 32 (84.2) 6 (15.8) 38 (100.0) 0.36 (0.04, 3.22) 0.36 (0.01, 3.41) 0.66

No 15 (93.7) 1 (6.2) 16 (100.0)

Total 47 (87.0) 7 (13.0) 54 (100.0)

Upper 7 (100.0) 0 (0.00) 7 (100.0) 3.07 (0.16, 59.07) ∞ (0.23, ∞) 0.577
Middle 41 (83.7) 8 (16.3) 49 (100.0)

Total 48 (85.7) 8 (14.3) 56 (100.0)

*Allergen sensitization: ‘yes’ implies sensitization to at least one aero-allergen
†Family history of allergy: history of any of asthma, allergic rhinitis, allergic conjunctivitis, atopic dermati-
tis or food allergy in parents or siblings
‡Socioeconomic status (SES) was derived with a validated scale by Ibadin &Akpede[24] comprising aggre-
gated and averaged scores of parents’ highest formal education and occupation which is then classified as
low, middle and high SES corresponding to scores of 5-6, 3-4 and 1-2, respectively.
Abbreviations: OR, unadjusted odds ratio derived from a 2 x 2 contingency tables with variables dichoto-
mized where appropriate; CI, confidence intervals

Socioeconomic status‡

Table 3: Socio-demographic determinants of polysensitisation

Factors
Number of allergens*

Total OR (95% CI)
Fisher's exact
values (95% CI)

P≥ 2 < 2

Age, years

>= 7 23 (76.7) 7 (23.3) 30 (100.0) 2.85 (0.92, 8.78) 2.8 (0.81, 10.39) 0.097
< 7 15 (53.6) 13 (46.4) 28 (100.0)
Sex
M 25 (71.4) 10 (28.6) 35 (100.0) 1.92 (0.64, 5.80) 1.9 (0.55, 6.66) 0.271
F 13(56.5) 10 (43.5) 23 (100.0)
Family history of allergy†

Yes 22 (57.9) 16 (42.1) 38 0.2 (0.04, 0.99) 0.2 (0.02, 1.08) 0.057
No 14 (87.5) 2 (12.5) 16 (100.0)
Socioeconomic status‡

Upper 5 (71.4) 2 (28.6) 7 (100.0) 1.45 (0.26, 8.27) 1.44 (0.21, 16.62) 1
Middle 31 (63.3) 18 (36.7) 49 (100.0)

*Number of allergens: ≥ 2 allergens implies polysensitisation while < 2 implies mono- or non-sensitisation;
†Family history of allergy: history of any of asthma, allergic rhinitis, allergic conjunctivitis, atopic dermatitis or food
allergy in parents or siblings;
‡Socioeconomic status (SES) was derived with a validated scale by Ibadin &Akpede(22) comprising aggregated and
averaged scores of parents’ highest formal education and occupation which is then classified as low, middle and high
SES corresponding to scores of 5-6, 3-4 and 1-2, respectively.
Abbreviations: OR, unadjusted odds ratio derived from a 2 x 2 contingency tables with variables dichotomized where
appropriate; CI, confidence intervals

in our clinic, we observed that AS was common, occur-
ring in about 8 of 10 children with asthma, with HDM
and cockroach allergies being the commonest. Perhaps
because of the small sample size, none of the socio-
demographic factors explored significantly predicted AS
in this study, although older children (> 7 years) and
male sex showed a consistent pattern of increased odds
with both AS and polysensitisation. There was no evi-
dence of cross-sensitisation between cockroach and

181



Frequency and pattern of skin-prick aero-allergic sensitization among children with asthma in Lagos,
Nigeria Olatunde Adegboyega Odusote et al

HDM allergy.

Frequency of allergen sensitisation

Our results suggests that AS may be very common
among children with asthma in our clinic, with a fre-
quency of 82%. We found no similar clinic-based re-
ports in Nigeria for immediate comparison as previous
studies were community-based13,14 or were in adult
populations.27 Earlier clinic-based studies of AS among
asthmatic adults in Nigeria reported similarly high
prevalence of 65-92%.27–29 Compared to clinic-based
studies like ours, most paediatric community-based
studies often report lower AS prevalence. For example,
in 1999, a community-based study by Faniranet al13

showed AS prevalence of 28% among school children in
Lagos.13 Similarly, a more recent school-based study at
Kaduna which tested only for HDM (Der p and Der f
allergy) reported an overall prevalence of 10.4%. Also,
Arraiset al,30 in a study of Angolan school children aged
5-14 years  reported the prevalence of AS to be 8%. In
contrast, a school-based study by Oluwole et al14 re-
ported a much higher prevalence of 73% about a decade
ago among Nigerian asthmatic adolescents at Ibadan,
Nigeria. However, 60% of the non-asthmatic group also
had AS, suggesting that AS was also common in the
general population.

Pattern of sensitised allergens

In agreement with global data,31 HDM allergy was the
commonest AS, followed by cockroach allergy. In con-
trast, Oluwole et al’14 reported cockroach allergy (58%)
predominance over HDM (52%) and grass mix (43%)
among children with asthma in Ibadan a decade ago.
These variations among Nigerian studies may reflect
true geographical difference in allergen profile but could
also be due to the use of different sets of allergen panel
comprising limited spectrum of allergens. Secular trend
from changing geo-political and environmental factors
may also contribute to these variations.

A strength of our study was the inclusion of Blomia
tropicalis (Blo t) in our panel, which is often missing in
AS studies in Nigeria and Africa.13,14,21,32 While the Der-
matophagoides are global in distribution, Blo t is found
more in tropical and sub-tropical regions.33,34 Thus, it
was the second commonest allergen in our study
(64.3%). In a two-centre clinic-based study among chil-
dren with asthma and AR in South Africa, the preva-
lence of Blo t was 52% in the northern coastal region of
KwaZulu-Natal while it was only 3% in the less humid
Johannesburg. Lagos shares a similarly coastal humid
characteristics with KZN possibly favouring the high
prevalence of Blo t. We may thus hypothesise that in a
large country like Nigeria with wide an inter-regional
weather disparity, the distribution of Blo t may vary
within the country. This has implication for the local
choice of SPT panels and immunotherapy.
Allergy to cockroaches’ saliva, faeces or remains is a
major allergenic driver of asthma especially in low-

income urban communities.13,35 Cockroach allergy is
associated with current wheeze among Nigerian children
with asthma, especially in rural communities.14 Our re-
port suggests that cockroach allergy is also common
among urban-dwelling children with asthma. We ob-
served less frequent allergy to moulds and pets. A sys-
tematic review showed that, compared to exposure to
indoor bacterial or viral allergens, exposure to indoor
moulds such as Aspergillus and Alternaria was associ-
ated with strong risk of respiratory morbidity, wheezing
and AR.12 Thus, household mould control may be im-
portant in affected children. In contrast to an earlier Ni-
gerian report,14 none of our patients had allergy to grass-
mix, perhaps due to the characteristic short pollen-
season in Nigeria or to non-representation of the domi-
nant local aero-pollens in our foreign-prepared allergen
extracts. Thankfully, the characterization of local aero-
pollens is being addressed.22,23

Although positive SPT may correlate poorly with clini-
cal allergies, the knowledge of the presence and pattern
of AS among children with asthma is important for opti-
mal management.2,16 HDM and cockroach control meas-
ures may be important in our patients. While cock-
roaches can be controlled with insecticides, traps and
other measures, such strategies-including the use of anti-
mite mattresses- have limited effectiveness for the con-
trol of HDM because of their ubiquitous nature. Thus,
where there is evidence of significant impact of HDM
allergy on asthma control, immunotherapy may be the
most practicable option.2,16,32

Socio-economic predictors of allergen sensitisation

Strachan’s hygiene hypothesis36 has traditionally been
used to explain the link between AS and socioeconomic
status: children born into affluence are more likely to
live and grow in hygienic environment with less expo-
sures to microbial antigens compared to those in rural
settings with higher microbial loads. It was believed that
the former encouraged T-helper 2 pathway with conse-
quent increased tendency towards allergic conditions.
However, it is now argued that exposure to diverse mi-
crobes, rather than to infectious agents, is the driver of
reduced allergenic tendency among persons of lower
socioeconomic status.21,37 Zuianiet al,21 in a recent com-
munity-based study of school-children in northern Nige-
ria, reported that HDM sensitisation was associated with
urbanisation and SES. They found HDM allergy preva-
lence of 15.6% and 2.8% among urban-dwelling and
rural-dwelling children, respectively; among the urban-
dwelling pupils, the frequency of HDM allergy in-
creased with increasing socioeconomic status- 27.4%,
13.1% and 8.1% in the high, middle and low socioeco-
nomic sub-groups, respectively. Our data may also sug-
gest a similar pattern: whereas 84% of those of middle
class were sensitised, all (100%) of the seven children of
high SES were sensitised, with three-fold higher odds of
AS; albeit the association was not statistically signifi-
cant presumably due to the small sample size. Similarly,
boys and older children (> 7 years) were both associated

182



Frequency and pattern of skin-prick aero-allergic sensitization among children with asthma in Lagos,
Nigeria Olatunde Adegboyega Odusote et al

with 2- to 3-fold increased odds of AS and polysensiti-
sation, despite not reaching statistical significance. The
association of increased odds of older age with AS and
polysensitisation may be concerning because atopy and
polysensitisation at older age increases the risk of
asthma persistence and poorer outcomes.11,15 This may
justify early institution of allergen mitigation measures
such as mite and cockroach control.2,16 However, these
supposed association of AS/polysensitisation with these
social factors need further elucidation with larger sample
sizes.

Cross-sensitisation among aero-allergens

Cross-sensitisation (or cross-reactivity) among allergens
such as HDM and cockroach is attributed to ubiquitous
protein pan-allergens like tropomyosins found in crusta-
ceans, molluscs and insects like HDM and cock-
roaches.38 However, we found no evidence of cross-
sensitisation between HDM and cockroach. In persons
where there are significant cross-reactivity due to true
antigenic homology or cross-antigenic contamination at
preparation or procedure, it is more clinically difficult to
delineate which of the cross-reacting allergens is respon-
sible for symptoms, thus necessitating further tests like
allergen-specific IgE assays to delineate the culprit aller-
gen.31 Our study suggests that we could have confidence
that an individual with sensitisation to both HDM and
cockroach is truly allergic to both antigens, and not just
due to cross-sensitisation. In contrast to our finding,
Kulalert et al31 reported significant moderate concor-
dance [κ = 0.53 (95%CI: 0.42, 0.64)] between HDM and
cockroach allergy in children with AR and asthma. They
also found moderate concordance between cats and dog
allergy (κ = 0.41 (95% CI: 0.30 to 0.52); however, the
small prevalence of pet allergies in our sample precludes
assessment of this in our sample.

Limitations

Apart from its small sample size and retrospective na-
ture, our findings should be regarded with caution be-

cause of other limitations: the sample was not randomly
selected to represent the population of children with
asthma in our clinic and thus may not provide a true
prevalence. Nonetheless, the burden documented agrees
with similar studies in Nigeria and elsewhere. We did
not have a control group to account for a possibly high
prevalence of AS in the general population.14 We also
had a limited spectrum of allergens in our battery and
did not explore relationship of AS with asthma control
or severity. Also, we did not explore the modifiable
early-life risk factors such as mode of birth or non-
exclusive breastfeeding.

Conclusion and recommendations

AS was common among children with asthma in our
clinic, the commonest being HDM and cockroach al-
lergy with no significant cross-sensitisation; the previ-
ously-unreported high frequency of Blomia tropicalis
was a unique finding in our study. The absence of al-
lergy to grass-mix possibly reflects non-representation
of local grass pollens in the panel used and short pollen
season in our environment. The observed statistically
non-significant but potential association between AS
and each of age, sex and socioeconomic status need fur-
ther exploration in larger sized, representative and geo-
graphically-diverse prospectively-sample populations of
children with asthma. Meanwhile, our findings may be
useful for local and national baseline allergen profiling
and optimizing allergological services like immunother-
apy.
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