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Purpose: This study aims to describe the spectrum of allergic diseases of children and

adolescents in a single allergy treatment centre in Botswana, over a period of 8 years.

Patients and Methods: A retrospective cross-sectional study was conducted using medical

records of all patients aged 18 years or younger, seen at an allergy treatment centre in

Botswana. Data were presented descriptively. Association between variables was explored by

χ2-test.

Results: Four hundred and seven patients with a mean age of 5.8 years (SD 4.4) at the time

of presentation included 239 (58.7%) females and 365 (87.5%) black Africans. The most

common diseases were asthma (n=249, 61.2%) followed by allergic rhinitis (AR) (n=232,

57.0%) and atopic dermatitis (AD) (n=165, 40.5%). One hundred and fifteen cases (46.2%)

of asthmatic patients were skin prick test positive; sensitized to grass, moulds, dust mites and

animal dander, in decreasing frequency, whereas those with allergic rhinitis (AR) and allergic

conjunctivitis (AC) were sensitized to trees and all allergens identified in asthmatics.

Concomitant asthma was diagnosed in 171 (73.7%) with AR, 71 (68.3%) with AC,

75 (45.5%) with AD and 42 (47.7%) with food allergy. The most common triggers for

asthma exacerbations include upper respiratory tract infections, weather changes, and expo-

sure to passive cigarette smoke. Paternal allergy and allergic disease in grandparents are

predisposing factors for asthma (p=0.016 and p=0.001, respectively). Paternal allergy is also

predisposed to AR (p=0.007), while maternal history of allergic disease was associated with

AD (p=0.019).

Conclusion: The most common chronic pediatric conditions seen in our allergic disease

study were asthma, allergic rhinitis and atopic dermatitis with the most common triggers

being viral upper respiratory tract infections, weather changes and exposure to cigarette

smoke, all of which are modifiable risk factors. This exploratory study lays the foundation

for future interventional studies that may be directed towards the spectrum of allergic

diseases.
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Introduction
Allergic disorders and asthma, both allergic and non-allergic, are the non-commu-

nicable diseases with the earliest onset. Their burden is growing, especially in low

and middle income countries (LMICs) where allergic rhinitis (AR) and asthma are

the most prevalent chronic diseases seen in childhood.1 Globally, 300 million

people at all ages are diagnosed with asthma, and there are 250,000 deaths from

asthma per year worldwide.2 Asthma was formerly considered to be uncommon in
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children in LMIC settings, but studies indicate that the

burden of childhood asthma in these areas is large and

comparable to those in high income countries (HIC).3 For

example, the prevalence of asthma in African children, as

assessed by self-reported questionnaires in the

International Study of Asthma and Allergies in

Childhood (ISAAC) III study, is higher than the global

average.4 Moreover, the prevalence of childhood asthma in

LMICs is increasing, in contrast to HIC settings where it

has stabilized or is decreasing.4 The Danish Allergy

Research Center (DARC) birth cohort has prospectively

followed the prevalence of atopic diseases, the pattern of

sensitization, and comorbidities from birth to 14 years of

age. At 14 years, the prevalence of asthma, atopic derma-

titis (AD), allergic rhinoconjunctivitis (ARC) and any

atopic diseases was 12.9% (9.7–16.7), 8.1% (5.5–11.3),

32.8% (28.0–37.8), and 40.3% (35.3–45.5), respectively,

with no gender differences. Of these 12.1% had more than

one allergic disease. The most prevalent was allergic rhi-

noconjunctivitis combined with asthma.5 AD is often asso-

ciated with elevated serum immuno-globulin (IgE) levels

and an individual or family history of type I allergies such

as AR, or asthma.6,7 AD onset is most commonly between

3 and 6 months of age, with approximately 60% of

patients developing the eruption in the first year of life

and 90% by age 5 years. Worldwide AD affects 17% to

24% of the pediatric population.7 Food allergy is another

emerging area of interest for LMICs. Much is known

about the prevalence of food allergy in the developed

world where food allergy affects up to 6% of children

and 4% of adults in HICs,8 but there are large knowledge

gaps in LMICs. Symptoms include urticarial, gastrointest-

inal distress, failure to thrive, anaphylaxis, and even

death.9

The diagnosis of allergic disease remains a challenge in

most LMICs as detailed high-quality clinical registers and

diagnostic allergy testing materials are often lacking.10

Likewise, information about atopic diseases in Botswana

is scanty. There are a few studies looking at this, but these

are limited in scope.11,12 The prevalence of asthma is

monitored by the Botswana government. However, this is

based on general registries and discharge summaries from

the public facilities. The numbers may be misrepresented

by incorrect or missing diagnoses. Furthermore, this infor-

mation does not reflect concurrent allergic diseases, aller-

gic sensitizations or risk factors. There is no

comprehensive register focusing on allergic individuals.

In an attempt to delve further into allergic conditions in

Botswana, we examined data that was retrospectively col-

lected from medical records of children and adolescents,

obtained at the Asthma and Allergy Clinic of the largest

tertiary referral hospital in Botswana, through an 8-year

period. Of note is that this was the only clinic of its kind in

the entire country over this time period, reflecting referrals

from both the public and private sector. Therefore, this

exploratory study primarily aimed to describe demo-

graphic and clinical characteristics of the patients, and

correlation between presence of allergic diseases and

family history of allergy. Furthermore, we aimed to

explore associations between presence of allergic diseases

and family history of allergy, identify the most common

allergens or combinations of allergens, assess the associa-

tions between sensitization and type of allergy, describe

the variety of triggers attributed to the exacerbation of

allergic diseases and demonstrate the coexistence of dif-

ferent allergic disorders.

Patients and Methods
Study Design, Participants and Setting
A retrospective cross-sectional study was conducted at the

tertiary referral Princess Marina Hospital located in

Gaborone, the capital city of Botswana. The hospital is a

referral hospital that has a catchment area with 271,266

children and adolescents 18 years or younger.13 The

patients were admitted to the Asthma and Allergy Clinic

because they had symptoms of allergic disease, allergic

asthma, or food allergy. Sensitization testing was per-

formed to confirm the disease.

Definition of Allergic Disorder and

Asthma
The diagnoses of allergic disorders and asthma were phy-

sician based, consistent with the World Allergy

Organization definitions of allergic diseases and interna-

tional consensus published guidelines.14–17 These were as

follows.

Asthma

Asthma was diagnosed by demonstration of variable air-

flow obstruction with a suggestive history and examina-

tion. Symptoms included wheezing, coughing, shortness of

breath or chest tightness. Pattern of symptoms was thor-

oughly elucidated, with particular attention to triggers such

as viral infections and exercise, as well as time of day or

night. Due to high prevalence of tuberculosis (TB) in

Botswana, all patients were screened for pulmonary TB
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(by history, examination and Mantoux test if indicated).

On physical examination, clubbing and other pulmonary

disorders were excluded. Features of other atopic diseases

were documented. Due to resource limitations, methacho-

line challenge test, pre/post bronchodilator spirometry and

home monitoring of peak flows were not possible. Variable

airflow obstruction was thus defined by an improvement

4 weeks after initiation of oral or inhaled corticosteroid

therapy. For children (5 years and older), this was docu-

mented by FEV1 improvement of at least 12% (> 200

mL), or peak flow improvement by 20% or more.

Children younger than 4 years of age were cognitively

unable to perform spirometry or peak flow. Hence, they

had to demonstrate improvement of airflow obstruction

clinically, by resolution of wheezing 30–60 minutes after

bronchodilator therapy and improvement of nocturnal and

exertional symptoms after 4 weeks use of corticosteroid

therapy. Asthma was only diagnosed in infants if there was

more than one wheezing episode, with the presence of one

of more of the following: parental history of asthma,

atopic dermatitis or aeroallergen sensitization.

Atopic Dermatitis (AD)

Atopic dermatitis (AD) was defined by at least three of the

following features: pruritis, characteristic distribution,

chronic/relapsing course, and personal or family history

of atopy. Distribution of skin lesions were flexural for

most children, but some infants had extensor surface and/

or cheek involvement. On examination, there had to be

evidence of erythema, papules, excoriations, erosions, dys-

pigmentation or lichenification. Other skin disorders were

clinically excluded.

Allergic Rhinitis (AR)

Rhinitis was diagnosed by inflammation of the nasal epithe-

lium, presenting with two or more of the following features:

rhinorrhea, nasal obstruction, sneezing or nasal pruritis. On

examination, face and nasopharynx were carefully exam-

ined for Dennie-Morgan lines, shiners, nasal crease and

enlarged inferior turbinates. Other pathology was excluded

(such as foreign body, infection, polyps or choanal atresia).

When indicated, adenoidal hypertrophy was excluded by

lateral neck x-ray. AR was subsequently diagnosed if there

was confirmation of aeroallergen IgE sensitization by either

skin prick test or serum specific IgE test.

Allergic Conjunctivitis (AC)

AC was diagnosed if there were suggestive signs and

symptoms, concurrent with IgE aeroallergen sensitization.

Symptoms included eye itching and watering. On exam-

ination, eyes displayed conjunctival redness (hyperemia)

and edema (chemosis), with tearing, eyelid swelling and/or

cobble stoning.

Food Allergy

All patients were carefully screened for reactions to foods.

Symptoms sought included one or more of the following:

nausea, vomiting, abdominal pain, diarrhea, pruritis, urti-

caria, swelling, cough, wheeze, dizziness or syncope. If

the reactions were immediate (within minutes to maximum

an hour after ingestion) and reproducible (occurred each

time that food was ingested), then skin prick test was

performed solely to that food. Food allergy was then

diagnosed if skin prick test to that food was positive.

Due to resource limitations, oral food challenge was only

possible in a handful of patients. The only exclusions to

the above were infants (aged 1 or less) with moderate to

severe eczema, unresponsive to topical corticosteroid ther-

apy and good skin care. These infants underwent skin

testing to the common food allergies, namely milk, egg,

soy, wheat, and peanut. On positive testing, if removal of

the foods from their diet improved skin outcome, then they

were presumed to be allergic. If there was no improvement

in the atopic dermatitis, then the food was reintroduced

back into their diet.

Collection of Medical Records and

Variables
Medical records of all pediatric patients who were diag-

nosed with asthma or an allergic disease seen at the

Asthma and Allergy Clinic at Princess Marina Hospital

(PMH) from July 1, 2010 to June 31, 2018 were included

in the analysis. Medical records of patients seen at the

Asthma and Allergy Clinic at PMH who did not fulfil

inclusion criteria were excluded, ie, gross missing or

inadequate data, patients older than 18 years and those

with diagnosis other than allergic disease or asthma. In

addition to information found in medical records, pediatric

patients in Botswana have self-carried medical out-patient

cards and a shadow file was compiled for every patient at

the first visit. At all subsequent visits information was

added to both their self-carried medical card, as well as

the shadow file for quality and updated information. The

files of all patients were stored in a locked file cabinet at

the clinic. Patient files were deidentified and those who

fulfilled inclusion criteria were entered into the Redcap

database (http://ehealth.ub.bw/redcap). Variables were the
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different allergic conditions, asthma, age at time of enroll-

ment, sex, race, place of residence, triggers of allergic

symptoms, allergen sensitization, and family history of

allergic disease.

Work-Up of Allergic Diseases
Standardized allergen extracts (ALK-Abello, Madrid, Spain)

were used for food (cow’s milk (1:20 w/v), soya (1:20 w/v),

egg white (1:20 w/v), wheat (1:20 w/v), peanut (1:20 w/v))

and aeroallergens. The latter included plane tree (Platanus

acerifolia (30HEP)), oak tree (Quercus ilex (1:100 w/v)),

acacia tree (Robinia pseudoacacia (1:100 w/v)), Bermuda

grass (Cynodon dactylon (30HEP)), Timothy grass (Phleum

pretense (30HEP)), maize pollen (Zea mays (1:100w/v)),

English plantain (Plantago lanceolate (30HEP)), moulds

[mix –Alternaria chaetomium, Cladosporium fulvum,

Fusarium (1:20 w/v); Alternaria alternate (30HEP),

Aspergillus fumigatus (1:20 w/v)], cat (10HEP), dog hair

(10HEP), dust mites [Dermatophagoides mix –

Dermatophagoides farinae, Dermatophagoides pteronyssi-

nus (30HEP); Blomia tropicalis(10HEP)] and cockroach

(Blatella germanica (1:100 w/v)).

A stainless steel lancet (ALK-Abelló, Madrid, Spain)

was used for the skin prick, technique as described by the

practice parameter.18 All tests were compared to a positive

(histamine) and negative (glycerinated saline) control.

A positive test was defined as a wheal size 3 mm greater

than the negative control at 15 minutes. All skin prick tests

(SPTs) were performed and interpreted by a single allergist

(board certified with the American Board of Allergy and

Immunology). SPTs were performed to food allergies in

those with moderate to severe AD, or in those with a

suggestive history of food allergy. Patients with rhinitis,

asthma and conjunctivitis underwent SPT to indoor aero-

allergens (namely, moulds, cat, dog and dust mites). Only

patients older than age 3 years had additional skin testing

to the other (outdoor) aeroallergens.

Statistical Methods and Data Analysis
Continuous variables were described by means and stan-

dard deviations (SD), while frequencies and percentages

were used for categorical variables. χ2-test was used to

assess the associations between categorical variables.

Results with p-values below 0.05 were considered statisti-

cally significant. No adjustment for multiple testing was

performed as the study was of an exploratory nature. The

analyses were performed in SPSS, version 25 (IBM,

Chicago, USA)

Results
A total of 603 children and adolescent patients were

admitted for suspected allergic disease or asthma to the

Asthma and Allergy Clinic at PMH during the study

period of 8 years. Of these, 126 were older than 18 years

of age, and an additional 29 medical records had gross loss

of information, whereas 41 medical records included a

main diagnosis other than allergic disease (Figure 1).

Four hundred and seven patients’ records were

included in the analysis; 239 (58.7%) males with a mean

age of 5.8 years (SD 4.4). The majority of patients was 1–

6 years old (55.6%). Black Africans constituted 365

(87.5%). Most participants resided in urban areas, 291

(71.5%), whereas only 66 (16.2%) lived in rural areas of

Botswana (Table 1).

The most common diseases seen in this study were

asthma (61.2%), followed by AR (57.0%) and AD

(40.5%), presenting alone or coexisting with another aller-

gic disorders (Table 2). Only 127 (31%) patients had

a single allergic disease (Figure 2); 154 (37.8%) had two

identified allergic illnesses and 126 (30.9%) had more than

two defined allergic diseases. AC and food allergy were

present in less than a third of patients (25.6% and 21.6%,

respectively).

Figure 1 Flow diagram of selection of medical records.
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Upper respiratory tract infection was a common trigger

of allergy symptoms; 179 (44%) of patients with asthma

and AR. Only a single trigger was observed in 132

(32.4%), whereas 65 (16%) children with asthma and AR

had more than three triggers for symptom or disease

exacerbation in children (Table 3).

Due to a shortage of reagents, the skin prick test (SPT)

was performed only on 252 (61.9%) of all patients and 216

(85.7%) were sensitized to one or more allergen. Among

those with positive SPT, sensitization to pollens (tree,

grass, weeds), moulds, dust mites, pet dander (cat and

dog) and cockroach was significantly higher in those

with allergic rhinoconjunctivitis than those without. In

contrast, only sensitization to grass pollen, moulds, dust

mites, dog dander and cockroach was significantly more

Table 1 Sociodemographic Descriptive Characteristics of

Patients with Allergic Disease, Princess Marina Hospital, from

July 1, 2010 to June 31, 2018

Variable (n=407) n (%)

Age at presentation

<1 year

1–3 years

4–6 years

7–9 years

10–12 years

13–15 years

16–18 years

Mean age (SD)

44 (10.8)

135 (33.2)

91 (22.4)

57 (14.0)

41 (10.1)

27 (6.6)

12 (2.9)

5.8 (4.4)

Gender

Male

Female

Missing

239 (58.7)

167 (41.0)

1 (0.2)

Race

Black Africans

Caucasian

Asian

Bi-racial

Missing

365 (87.5)

11 (2.7)

19 (4.7)

18 (4.4)

3 (0.7)

Residential place

Urban

Semi-urban

Rural

Missing

291 (71.5)

45 (11.1)

66 (16.2)

5 (1.2)

Table 2 Frequency of Different Allergic Diseases at the Asthma

and Allergy Clinic

Variables n (%)

Asthma

Allergic rhinitis

Atopic dermatitis

Allergic conjunctivitis

Food allergy

Drug allergy

Bee/wasp sting

Other

249 (61.2)

232 (57.0)

165 (40.5)

104 (25.6)

88 (21.6)

4 (1.0)

2 (0.5)

42 (10.3)

Figure 2 Frequency of multiple allergic diseases seen in an individual patient.

Table 3 Common Triggers of Disease Manifestation in Children

Diagnosed with Allergic Diseases

Variables n (%)

Seasonal change

Winter (May–August)

Spring (SeptemberOctober)

Summer (November–March)

Autumn (March–April)

URI

Exercise

Exposure to old

Stress

Cigarette smoke

Indoor pollution (firewood, Kerosene etc)

Other

83 (20.4)

29 (7.1)

43 (10.6)

14 (3.4)

179 (44.0)

70 (17.2)

53 (13.0)

5 (1.2)

22 (5.4)

27 (6.6)

89 (21.9)

Number of triggers in an individual patient

One

Two

Three

More than three

132 (32.4)

91 (22.4)

63 (15.5)

65 (16)

Abbreviation: URI, upper respiratory tract infection.
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pronounced among asthmatics as compared to those with-

out asthma (Table 4). The most common food allergens

detected by SPT were egg white (n=29, 13.4%), peanut

(n=21, 9.7%), cow’s milk (n=7, 3.2%), wheat flour (n=7,

3.2%) and soya (n=3, 1.4%).

In this cohort, asthma in children was significantly

associated to the history of allergic disease in the father

(p=0.017) and grandparents (p=0.010). Paternal history of

allergic disease was associated with AR (p=0.01), and

patients with AD had a history of maternal allergy

(p=0.014) (Table 5).

Asthmatic children in this cohort had other allergic

diagnoses, namely AR (p<0.001), AD (p<0.001) and

food allergy (p=0.003). Similarly, children with AR

also suffered AC (p<0.001) and AD (p<0.001) as aller-

gic comorbidities. Furthermore, those with atopic der-

matitis had food allergies too (p<0.01) (Table 6).

Discussion
This exploratory study shows the demographic and clinical

characteristics of a large sample of pediatric and adolescent

patients with allergic disorders and/or asthma in Botswana.

We identified the presentation of allergic disease at similar

ages compared with earlier reports.11,19,20 More than half of

our patients admitted for allergic disease and/or asthma

experienced symptoms with onset at age 1–6 years. The

expression of allergic diseases varies with age, and symp-

toms may disappear or be replaced by other symptoms

(atopic march).19,21 In infancy, the most common manifesta-

tions are atopic dermatitis, food allergy and recurrent wheez-

ing, whereas asthma and allergic rhinoconjunctivitis are the

main issues later in childhood.22 Hill et al19 reported the age

distribution for different allergic diseases in a population of

over one million children in the US. The incidence of atopic

dermatitis (AD) during the first 5 years of life was 15.3%,

Table 4 Allergen Sensitizations in Different Atopic Diseases as Determined by Skin Prick Allergy Test

Diagnosis Asthma (Yes=249, No=158) AR (Yes=232, No=175) AC (Yes=165, No=242)

Allergen Sensitization Yes

n (%)

No

n (%)

p-value Yes

n (%)

No

n (%)

p-value Yes

n (%)

No

n (%)

p-value

Trees

Platanus

Quercus

Robinia

22 (8.8)

17 (6.8)

36 (14.5)

9 (5.7)

6 (3.8)

13 (8.2)

0.245

0.197

0.060

29 (12.5)

23 (9.9)

49 (21.1)

2 (1.1)

0

0

<0.001

<0.001

<0.001

19 (18.3)

15 (14.4)

35 (33.7)

12 (4)

8 (2.6)

14 (4.6)

<0.001

<0.001

<0.001

Grass

Cynodon

Phleum

Zea mays

65 (26.1)

38 (15.3)

40 (16.1)

19 (12)

14 (8.9)

13 (8.2)

0.001

0.059

0.022

79 (34.1)

49 (21.1)

50 (21.6)

5 (2.9)

3 (1.7)

3 (1.7)

<0.001

<0.001

<0.001

43 (41.3)

36 (34.6)

31 (29.8)

41 (13.5)

16 (5.3)

22 (7.3)

<0.001

<0.001

<0.001

Weeds

Plantago 30 (12) 13 (8.2) 0.222 43 (18.5) 0 <0.001 30 (28.8) 13 (4.3) <0.001

Moulds

Mould mix

Alternaria

Aspergillus fumigatus

36 (14.5)

51 (39.2)

25 (10)

11 (7)

13 (8.2)

4 (2.5)

0.021

0.001

0.004

41.4 (17.7)

59 (25.4)

4 (2.3)

6 (3.4)

5 (2.9)

25 (10.8)

<0.001

<0.001

<0.001

21 (20.2)

26 (25)

8 (7.7)

26 (8.6)

38 (12.5)

21 (6.9)

0.001

0.003

0.794

Mites

Dustmite mix

Blomia tropicalis

7 (4.4)

13 (3.2)

13 (12)

5 (3.2)

0.009

0.325

34 (14.7)

18 (7.8)

3 (1.7)

0

<0.001

<0.001

16 (15.4)

8 (7.7)

21 (6.9)

10 (3.3)

0.010

0.060

Animals

Cat

Dog

13 (5.2)

20 (8)

9 (5.7)

5 (3.2)

0.836

0.046

20 (8.6)

20 (8.6)

2 (1.1)

5 (2.9)

0.001

0.017

22 (5.4)

11 (10.6)

10 (3.3)

14 (4.6)

0.001

0.029

Insects

Blatella

21 (8.4) 5 (3.2) 0.034 24 (10.3) 2 (1.1) <0.001 12 (11.5) 14 (4.6) 0.013

Abbreviations: AR, allergic rhinitis; AC, allergic conjunctivitis.
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with peak age at diagnosis before 5 months of age. The

incidence of asthma during the first 5 years of life was

22.4%, with a peak age of first diagnosis between 12–17

months (8.7%). Our study included an array of allergic

diseases, which had a similar age distribution of allergic

manifestations as described by Hill et al.19

The most common allergic diseases were asthma

(61.2%), AR (57.0%), AD (40.5%), AC (25.6%) and

food allergy (21.6%). Sixty eight percent had more than

one type of allergic disease. Patients with asthma had

significantly higher comorbidity with AR, AD and food

allergy. In a previous study based in Botswana, Kung et

al11 reported 126 patients with allergic disease from a

private practice in Gaborone. The most common clinical

presentations in that study were AR (70%) and asthma

(42%), followed by AD (30%), AC (21%), food allergy

(20%), and angioedema (6%). Similarly, these patients

often had more than one type of allergic disease.

However, unlike our study, more children suffered from

AR than asthma. One of the reasons for this may include

the referral pattern of patients to the Asthma and Allergy

Clinic at PMH. All asthmatic patients that were hospita-

lized as in-patients were automatically referred to the sub-

specialist clinic upon discharge. Uncontrolled asthmatic

patients from other sections of the pediatric outpatient

clinic at PMH were similarly referred to the subspecialist.

Patients with sole diagnosis of AR may have been referred

less frequently to the Asthma and Allergy Clinic at PMH if

symptoms were not perceived to be severe. However,

compared to the Kung study, our study may provide a

better reflection of the spectrum of pediatric allergic dis-

eases and asthma in southern Botswana, since PMH is the

Table 5 Association of Allergy Disease with First- and Second-Degree Family History

Family History of Allergy Disease

Type of

Allergy

Disease

in the

Child

Maternal Allergy (Yes=137,

No=270)

Paternal Allergy (Yes=132,

No=284)

Sibling Allergy (Yes=95,

No=312)

Grandparents Allergy (Yes=90,

No=317)

Yes

n (%)

No

n (%)

p-value Yes

n (%)

No

n (%)

p-value Yes

n (%)

No

n (%)

p-value Yes

n (%)

No

n (%)

p-value

Asthma 78 (56.9) 171 (63.3) 0.211 86 (69.9) 163 (57.4) 0.017 66 (69.5) 183 (58.7) 0.058 69 (76.7) 180 (56.8) 0.001

AR 75 (54.7) 157 (58.1) 0.512 82 (66.7) 150 (52.8) 0.010 53 (55.8) 179 (57.4) 0.785 55 (61.1) 177 (55.8) 0.372

AC 34 (24.8) 70 (25.9) 0.809 37 (30.1) 67 (23.6) 0.168 24 (25.3) 80 (25.6) 0.941 20 (22.2) 84 (26.5) 0.412

AD 67 (48.9) 98 (36.3) 0.014 54 (43.9) 111 (39.1) 0.363 40 (42.1) 125 (40.1) 0.723 31 (34.4) 134 (42.3) 0.182

Food 34 (24.8) 54 (20) 0.265 31 (25.2) 57 (20.1) 0.248 17 (17.9) 71 (22.8) 0.314 18 (20) 70 (22.1) 0.672

Abbreviations: AR, allergic rhinitis; AC, allergic conjunctivitis; AD, allergic dermatitis; Food, food allergy.

Table 6 Associated Comorbid Allergic Disease Seen in Patients

Associated Allergy Disease

Type of Allergy Disease Asthma

n=249

Allergic Rhinitis Allergic Conjunctivitis Atopic Dermatitis

Allergic rhinitis, n (%)

n=232

Yes 171 (73.7)

No 78 (44.6)

p-value <0.001

Allergic conjunctivitis, n (%)

n=104

Yes 71 (68.3) 100 (96.2)

No 178 (58.7) 132 (43.6)

p-value 0.086 <0.001

Atopic dermatitis, n (%)

n=165

Yes 75 (45.5) 66 (40) 37 (22.4)

No 174 (69.9) 166 (68.6) 67 (27.7)

p-value <0.001 <0.001 0.232

Food allergy, n (%)

n=88

Yes 42 (47.7) 44 (50) 27 (30.7) 63 (71.6)

No 207 (64.9) 188 (58.9) 77 (24.1) 102 (32)

p-value 0.003 0.134 0.213 <0.001
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tertiary referral hospital in the public sector. All severely

ill children that require specialized care from the surround-

ing areas are referred to this facility.

Our study showed high rates of co-existence of allergic

diseases, and conditions like food allergy, atopic dermati-

tis, allergic rhinitis, and asthma is thought to be increasing.

A number of studies examines the proportion of indivi-

duals with co-existence of AR and asthma and found rates

similar to ours where almost every 3 of 4 patients showed

co-morbid allergy diagnoses.11,23,24 In one of the earliest

studies, Mullarkey et al25 studied 142 patients, aged 14–72

years, and 58% of them had AR and asthma. The Danish

Allergy Research Center (DARC) birth cohort from 2016

followed patients prospectively with objective investiga-

tions regularly from birth to 14 years of age and 12.1%

had more than one allergic disease, and most prevalent

was ARC combined with asthma.5 It seems like the pre-

sence of one allergic disorder increases the risk of devel-

oping other allergic disorders in different organ

systems.26,27 This is probably due to the shared predispo-

sition and mechanism for development of these diseases

including an immunological response to environmental

allergens.28

Patients may typically develop a sequence of allergic

diseases, ie, AD, AR and asthma, at different ages. Some

may persist for several years, whereas others may resolve

with increasing age.21,29 The coexistence of AD, asthma

and AR may be part of the manifestation of allergic march,

but the risk of developing allergic disease is complex.20,21,29

The development and progression of these diseases is

strongly influenced by both genetic and environmental

factors.30 Our study illustrates that co-morbid conditions

are common in the southern African population at see-

mingly high rates.

The sensitization to various aeroallergens and the mea-

sures undertaken to control them play an important role in

disease manifestations and quality of life.31 The pattern of

sensitization evolves in the order of exposure throughout

childhood: food, indoor allergens, outdoor allergens.

Sensitization to milk and egg typically happens during

the first 2–3 years of life, while sensitization to inhalant

allergens usually occurs later in childhood with increasing

prevalence with age,30,31 which is in accordance with our

study illustrating the early onset of food-related allergy. In

our study 216 of 407 (53.10%) patients were sensitized to

allergens (aeroallergens and food). A large proportion of

asthmatic and rhinitis patients seem to be sensitized

to common allergens of indoor or outdoor origin.

Sensitization to these allergens may be influenced by dif-

ferent factors, including genetic susceptibility, age at

which the exposure begins and the degree and type of

allergen exposure.32,33 Approximately two thirds of asth-

matic subjects in previous studies are sensitized to at least

one inhalant allergen.34 However, even though many chil-

dren are sensitized to inhalant allergens by early school

age, only 25% to 30% of these will eventually have

asthma. It is still unclear why a subgroup of atopic chil-

dren will become asthmatic, whereas others either remain

asymptomatic or the atopic sensitization disappears.34 In

accordance with our study, two-thirds of the patients who

presented to a private allergy practice in Gaborone,

Botswana, were sensitized to some type of allergen, aero-

allergens (85%) more often than food allergens (19%) and

13% sensitized to both. The most common aeroallergen

sensitization was to Bermuda grass (41%), with slightly

lower rates to Timothy grass (33%) and maize pollen

(32%).11 The present study demonstrates high asthma

rates among children and adolescents and provides

extended information on the relationship between asthma

and allergen sensitization. In future studies we plan to

follow this population prospectively and assess if sensi-

tized patients will continue to have allergic disease

manifestations.

Interestingly, 20% of our cohort showed food allergies,

which is consistent with Kung’s study where 19% had

food allergens and 13% of patients were sensitized to

both aeroallergens and foods.11 These rates are higher

than those seen in other studies, possibly due to the

small sample size, and the very selected cohort. In a

study done in Ghanaian school children, 11% of 1407

children reported adverse reactions to foods, and 5% of

1,431 children showed positive skin prick test (SPT) reac-

tivity. The most common sensitizing foods were peanut

and pineapple.35 Approximately 10% of 14,000 patients,

all ages, referred to the only specialist allergy clinic in

Harare, Zimbabwe, were diagnosed with food allergies.36

In 2008, a study done in South Africa on an unselected

group of 212 Xhosa high school patients in Cape Town

(age 15–24 years) showed positive SPT for food allergens

in 5.4% of subjects, most commonly to egg white (3.3%),

peanuts (1.9%) and milk (1.9%).37 Intriguingly, none of

these students reported symptoms to these foods illustrat-

ing that the next step in our work will be to follow the

correlation between sensitization proved by SPT and

actual food allergy.37,38
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This study identified upper respiratory tract infection,

weather changes, exposure to passive cigarette smoke, and

indoor pollutants as important triggers of asthma symptoms.

The search for relevant genetic and environmental triggers of

allergy disease has identified a variety of potential

candidates.30 Prominent amongst these are factors related to

respiratory infections, particularly those triggering exacerba-

tion of asthma and allergic rhinoconjunctivitis,39 similar to

those presented in this study. Allergic disease in a first-degree

relative is known to be a predisposing factor for development

of allergic disease in the offspring. This report demonstrates

that paternal history of allergy disease is a predisposing

factor for asthma and allergic rhinitis. Dold et al40 identified

3,160 families with single allergic disease in one parent

where only asthma, not allergic rhinitis, was a predisposing

factor for asthma in the offspring.40 A longitudinal cohort

study from Germany indicated significant associations

between childhood AD and maternal AD.41 These reports

support our findings as asthma and AD are significantly

associated with paternal and maternal history of allergic

disease, respectively.

This study has limitations. Firstly, it was conducted in a

single tertiary public center, and may only reflect patients

with more severe disease or those opportunistically

referred. In addition, there is a concurrent private health

system in Botswana, that has its own network of hospitals

and clinics. Although some of those patients chose to be

seen at the PMH Asthma and Allergy Clinic, a systematic

referral procedure does not exist. Hence, we are unable to

describe disease incidence or prevalence for allergic condi-

tions and asthma in Gaborone and Botswana. Secondly, this

is a retrospective study, with all of the inherent flaws,

including missing data for some patients. Unfortunately,

there is no central registry of pediatric atopic diseases in

the Gaborone catchment area, which may have aided in

better description of disease prevalence. Thirdly, the short-

age and sometimes unavailability of allergen extracts for

SPT preclude the capability to do the test in all suspected

patients with allergic disease. This renders the diagnosis of

the allergic disease to be based on clinical suspicion in close

to half of the patients included in this study. Furthermore,

meeting diagnostic criteria for asthma and food allergy was

a challenge in our setting. However, the diagnoses of

asthma in children less than 3 years was ascertained after

following up the patient for sufficient time, persistence of

cough and wheeze, family history of allergy disease and, in

some, evidence of allergen sensitization. The gold standard

double blind placebo-controlled food challenge test was

rarely done because of resource constraint. We made the

diagnosis of food allergy in our patients after careful history

and examination, measurement of specific IgE test and/or

SPT. Despite these limitations, our data provide a large

sized sample of patients referred from all over Botswana

providing insights on allergy diagnoses and co-morbidities,

and their relationship to allergens.

Conclusion
This study shed light on the types of common pediatric

allergic diseases in a single tertiary level treatment center in

Botswana. The findings of this study will help design further

studies on the prevalence of allergic diseases in Botswana.

The identification of common allergens and triggers of dis-

ease exacerbations will be important for planning primary

and secondary prevention strategies. These strategies will

improve the quality of life in children and adolescents who

are suffering from these diseases. Furthermore, it can be used

as a starting point for financing of research to address the

need for investigation, as well as political and national plan-

ning of health care and treatment of patients with allergic

diseases. However, further studies are needed to examine the

role of modifiable factors and application of exposures to

potentially mitigate disease exacerbations.
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