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GUEST EDITORIAL
AN UPDATE ON ASTHMA
It is both a singular honour and a
privilege to bring you this fourth
edition of our Current Allergy
and Clinical Immunology Journal
for 2021. Our theme for this
issue is ‘An Update on Asthma’.
I thank Prof Eugene Weinberg
and Dr Di Hawarden for inviting
me to guest edit this issue; it
has been a pleasure to do so,
and to collaborate with them and
also with Mrs Robyn Marais, the
journal’s production manager.
Special thanks must go to her
for her patience and support in
putting this issue of the journal together.
The Global Initiative for Asthma (GINA) defines asthma in the
following way:
Asthma is a heterogeneous disease characterised by
chronic airway inflammation and is defined by the history
of respiratory symptoms such as wheeze, shortness of
breath, chest tightness and cough that vary over time
and intensity together with variable, expiratory airflow
limitation.1
South Africa is ranked 25th worldwide for asthma prevalence
and fifth for asthma mortality.2 But if asthma is so reversible,
why, then, do asthmatics die?
GINA has recognised that even mild asthmatics are at risk of
exacerbations and death. Moreover, the intermittent nature
of asthma symptoms is at least partly responsible for nonadherence to daily therapy. These realities have prompted
a shift in asthma management since 2019, to always
include an inhaled corticosteroid (ICS) whenever an inhaled
bronchodilator is used – either symptom-driven in the case of
mild asthma or administered daily when the asthma is more
persistent.3 Accordingly, for adults and adolescents over the
age of 12 years Step 1 has been proposed, namely: taking
a combination of an ICS and a long-acting beta-2 agonist
(specifically ICS-formoterol) as a single maintenance and
reliever therapy (MART) on an as-needed basis.1,3 This
combination not only includes the vital anti-inflammatory
therapy, but also has quick onset bronchodilatory activity. This
MART strategy has subsequently been included as an option
for children between the age of 6 and 12 years of age in local
and international 2021 guidelines.1,4
But a word of caution needs to be sounded about the GINA
guidelines. South Africa is a low-to-middle-income country. We
should therefore be cautious about implementing strategies
for asthma management based on First World guidelines and
resources. Poor socio-economic status that results in a lack of
access to care and appropriate treatment, language barriers
and lower levels of awareness of the symptoms of asthma
are common in our communities. In addition, ICS-formoterol
is not only expensive, but also not readily available to patients
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managed in state health institutions. As a result, shifting the
focus from a doctor-directed approach to a patient-directed
one may well have detrimental consequences, especially
if patients are not well informed about the symptoms and
the appropriate therapy. But regardless of the therapeutic
strategy chosen, the key to a successful outcome in asthma
remains education.
In line with the theme of this issue, ‘Update on Asthma’, we
present four excellent review articles.
Professor Abdullah Laher of the Department of Emergency
Medicine, University of the Witwatersrand, writes an update
on ‘SARS-CoV-2 and patients with asthma’ in light of the
devastating COVID-19 pandemic that has gripped the world
since first being reported in Wuhan, China in December 2019.
He concludes that well-controlled asthmatics do not appear to
be at higher risk of acquiring COVID-19 disease or of having
worse outcomes when compared to non-asthmatics.
Professor Mike Levin at the Red Cross War Memorial
Children’s Hospital, University of Cape Town, discusses
new developments in the manufacture of low-cost modified
bottle spacers, a cost-friendly alternative to commercial
spacer devices in response to the increased demand for safe
metered-dose inhaler therapy for the treatment of asthma
during the COVID-19 pandemic.
Professor Ismail Kalla of the Department of Pulmonology at
the University of the Witwatersrand writes a comprehensive
review titled ‘Chronic management of asthma – a paradigm
shift’ in which he describes the latest updates in chronic
asthma management in adults and expands on the biologic
therapy available to treat specific endotypes in asthma.
Professor Debbie White of the Department of Paediatrics,
University of the Witwatersrand, together with Dr Andrew
White, an anaesthetist in private practice in Cape Town and
Professor Sharon Kling of the University of Stellenbosch,
have written a review on ‘Life-threatening asthma in children’.
While many national and international guidelines for the
management of severe acute asthma exacerbations exist,
specific protocols regarding intensive-care management are
lacking. They describe a stepwise approach to managing
a patient with a severe acute asthma exacerbation, from
admission to the general ward to intubation and ventilation in
the paediatric intensive care unit.
This issue also features two original research articles, one
by a research team in South Africa on the management of
food allergies in children, the other contributed by a group
of researchers in Malaysia on primary immunodeficiency in
children.
Dr Tharien Bezuidenhout of the Division of Human Nutrition
at Stellenbosch University and her colleagues, including
Drs Harris Steinman, Daniel Nel and Evette van Niekerk,
present a descriptive study on ‘Management of children with
food allergies in South Africa: Knowledge and practice of
parents regarding precautionary allergen labelling – a crosssectional survey’. They report, rather alarmingly, that parents
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GUEST EDITORIAL

of children with food allergies either do not fully understand
the precautionary allergen labelling (PAL) on food products
or, having read them, do not implement PAL statements
effectively – either of which may contribute to adverse events.
Dr Intan H Ismail of the Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia and colleagues from
the Hospital Tengku Ampuan Afzan, Women and Children
Hospital Kuala Lumpur and the Primary Immunodeficiency
Unit, Institute for Medical Research in Malaysia share
thought-provoking research on ‘Ecthyma gangrenosum as the
presenting clinical feature of X-linked agammaglobulinaemia:
Report of three cases and a review of literature’. An important
outcome of their research has been to highlight the need
always to keep primary immunodeficiency in mind when
children present with unusual or severe infections.
This issue also contains our regular features, including an
article on medical ethics by Professor Sharon Kling in line with
our asthma theme titled ‘Autonomy in asthma management’,
our regular feature, ‘ABC of Allergies’, titled ‘More about the
mast cell: degranulation’ by Drs Shaunagh Emanuel and Di
Hawarden, and our ‘PID article – the mystery case of an allergic
patient not responding to therapy’ by Drs Sylvia van den Berg
and Cathy van Rooyen of the Department of Immunology
and Ampath, together with Professor Robin Green, all from
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the Department of Paediatrics and Child Health, University
of Pretoria and Steve Biko Academic Hospital. These articles
are always of great interest.
It remains for me to thank all of the authors who have
contributed articles that make this an issue brimful of views
and information updating us on the many facets of asthma. I
hope you will find it a worthwhile reading experience.
Professor Debbie A White
Paediatric Pulmonologist, Department of Paediatrics and
Child Health, Charlotte Maxeke Johannesburg Academic
Hospital, Faculty of Health Sciences, University of the
Witwatersrand, South Africa
Email: debbie.white@wits.ac.za
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ABSTRACT

The current coronavirus disease 2019 (COVID-19) pandemic has had far-reaching health, economic and political
consequences worldwide. Asthma is a non-communicable lung disease that affects approximately 300 million people
globally. Since the pathophysiology of both of these conditions is centred on the respiratory tract, there was initial concern
that individuals with asthma may be at higher risk of developing severe disease with poorer outcomes. In this article,
several aspects pertaining to asthma and COVID-19, including the associated risk and outcomes, the use of nebulisers
and the role of adjunctive anti-asthma/anti-allergy medications, are discussed.
Keywords: SARS-CoV-2, COVID-19, asthma, adjunctive anti-asthma medication, anti-allergy medications

INTRODUCTION

S

evere acute respiratory syndrome coronavirus 2 (SARSCoV-2), which is responsible for the current coronavirus
disease 2019 (COVID-19) pandemic, was first reported in
Wuhan, China in December 2019 and has since spread across
the globe.1 As at June 2021, more than 170 million cases
have been confirmed, with in excess of 3.5 million deaths.2
In contrast, asthma is a non-communicable lung disease that
affects approximately 300 million people. In 2019, asthma
was responsible for approximately 461 000 deaths.3 In the
initial days of the COVID-19 pandemic it was suggested that
patients with asthma may be at higher risk of contracting severe
COVID-19 illness, with poorer outcomes.4 However, currently,
there is no robust evidence to suggest that COVID-19 infection
may precipitate an asthma exacerbation.5 In fact, 2020 saw a
reduction in asthma exacerbations and influenza-related illness
across many countries, the reasons for which are unclear.6
This brief review article discusses several aspects pertaining
to asthma and COVID-19, including the associated risk and
outcomes, the use of nebulisers and the role of adjunctive antiasthma/anti-allergy medications.

RISK AND OUTCOMES RELATING TO ASTHMA AND
COVID-19

As stated by the Centres for Disease Control and Prevention
(CDC), people with uncontrolled or moderate-to-severe asthma
are more likely to require hospitalisation should they develop
COVID-19.7 However, a recent systematic review comprising
150 articles concluded that individuals with asthma were no
more susceptible to contracting COVID-19 than non-asthmatics.
In addition, progression to severe disease, hospitalisation
and mortality was not higher among those who did contract
COVID-19 when compared to the general population.8
A multi-centre study conducted in Spain that analysed the
clinical data of 71 182 asthmatics from 1 January to 10 May 2020
196

reported that 14.1% (1 006) of patients contracted COVID-19
while those with concurrent COVID-19 and asthma:
• were significantly older (55 years vs 42 years, p < 0.001);
• were predominantly female (66% vs 59%, p < 0.001);
• represented a higher proportion of cigarette smokers (11% vs
9%, p = 0.02); and
• displayed a higher prevalence of obesity (13% vs 10%, p <
0.001);
• experienced hypertension (39% vs 24%, p < 0.001);
• had diabetes (16% vs 10%, p < 0.001); and
• had dyslipidaemia (26% vs 17%, p < 0.001).
In addition, those with comorbidities such as obesity,
hypertension, diabetes or dyslipidaemia had higher rates of
hospitalisation, whereas hospitalisation rates were significantly
lower among those on chronic inhaled corticosteroids (ICS)
(48.3% vs 61.5%; OR 0.58, 95% CI 0.44–0.77). Surprisingly,
allergic rhinitis (AR) (17% vs 33%, p < 0.001) and eczema
(1% vs 7%, p < 0.001) seemed to be protective and were less
common in patients with COVID-19.9
In another systematic review and meta-analysis that included
131 studies from various countries and regions, the authors
investigated the outcomes in patients with COVID-19 and
comorbid asthma. There was no significant difference in the
prevalence of asthma between:
• hospitalised and non-hospitalised patients (RR, 1.15; 95%
CI, 0.92–1.43; p = 0.19);
• patients with severe and non-severe COVID-19 disease (RR,
1.21; 95% CI, 0.92–1.57; p = 0.16);
• ICU admitted and non-ICU admitted patients (RR, 1.19; 95%
CI, 0.92–1.54; p = 0.17);
• patients who died and those who survived (RR, 0.90; 95% CI,
0.73–1.11; p = 0.31); and
• patients requiring and not requiring intubation or mechanical
ventilation (RR, 0.91; 95% CI, 0.71–1.17; p = 0.42).
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These findings indicate that asthma was not more prevalent
among patients with a more severe course of COVID-19
disease. Among the six pooled studies (approximately 9 000
patients) that reported on mortality, the mortality rate was
actually lower in COVID-19 patients with comorbid asthma,
compared to COVID-19 patients without asthma (RR, 0.65; 95%
CI, 0.43–0.98; p = 0.04).10
In contrast, a prospective cohort study that enrolled 75 463
patients from 258 healthcare facilities across England, Scotland
and Wales found that patients with asthma were significantly
more likely to require critical-care treatment than those without
asthma (16–49 years: adjusted OR 1.20; 95% CI 1.05–1.37;
p = 0.008; ≥ 50 years: adjusted OR 1.17 95% CI 1.08–1.27;
p < 0.000). In this study, patients aged 16–49 years with severe
asthma had a significant increase in mortality compared to those
with no asthma (adjusted hazard ratio (HR) 1.96; 95% CI 1.25–
3.08; p < 0.05). Furthermore, in patients ≥ 50 years with severe
asthma, there was an increased risk of mortality compared to
those who were not on asthma therapy (adjusted HR 1.24; 95%
CI 1.04–1.49, p < 0.05). In addition, in asthmatics who were ≥ 50
years, those who used inhaled corticosteroids within two weeks
of hospital admission had lower mortality compared to those
without an underlying respiratory condition (adjusted HR 0.86;
95% CI 0.80−0.92; p < 0.05).11 A separate retrospective study
that investigated the factors associated with COVID-19-related
deaths across England reported that mortality was higher among
individuals who had recently used oral corticosteroids (OCS).12

NEBULISER USE DURING THE COVID-19 PANDEMIC

Although the airborne transmission of COVID-19 is possible,
respiratory droplet transmission is regarded as the primary
mode of transmission of the COVID-19 virus.13 Healthcare
workers have been recommended to observe contact, droplet
and airborne precautions when attending to patients with
COVID-19.14
Aerosol-generating procedures such as bronchoscopy,
intubation, open-suctioning and other upper-airway procedures
are generally considered high risk for the transmission of SARSCoV-2.15 While these procedures may potentially increase the
production of virus-containing aerosol, there is no evidence that
procedures such as nebulisation, oxygen administration and
high-flow nasal canula administration increases the production
of virus-containing aerosol.5 In fact, a systematic review found
that healthcare workers taking care of patients requiring
nebulisation during the 2002–2003 SARS-CoV-1 outbreak were
not at a significantly higher risk of acquiring the infection.16
Another study that aimed to detect the presence of airborne
SARS-CoV-1 in the surroundings of a patient being nebulised
did not detect any evidence of the virus.17 Although nebulisers
may increase aerosol dispersion, there is no evidence that these
increase the viral load in the environment unless the nebuliser
itself is contaminated.18
The current Global Initiative for Asthma (GINA) guidelines
recommend that, during the COVID-19 pandemic, patients
should be advised to continue with their prescribed asthma
medications, including ICS; however, in order to reduce the risk
of viral spread, the use of nebulisers should be avoided.6 This and

TABLE I: RECOMMENDATIONS BY THE GINA PERTAINING
TO THE MANAGEMENT OF ASTHMA DURING THE
COVID-19 PANDEMIC
•

•
•
•

•
•
•
•
•
•
•

•

•

•
•
•

It is important to continue good asthma management, with strategies to
maintain good symptom control, reduce the risk of severe exacerbations
and minimise the need for OCS.
Advise patients to continue taking their prescribed asthma medications,
particularly inhaled corticosteroids (ICS).
For patients with severe asthma, continue biologic therapy or OCS, if
prescribed.
Make sure that all patients have a written asthma action plan, advising
them to increase controller and reliever medication when asthma worsens
and to take a short course of OCS, when appropriate, for severe asthma
exacerbations.
Avoid nebulisers, where possible, to reduce the risk of spreading the
virus.
A pressurised metered-dose inhaler via a spacer is preferred, except for
life-threatening exacerbations.
Add a mouthpiece or mask to the spacer, if required.
Avoid spirometry in patients with confirmed or suspected COVID-19, or if
community transmission of COVID-19 is occurring in your region.
Follow aerosol, droplet and contact precautions if spirometry is needed.
Consider asking patients to monitor peak expiratory flow (PEF) at home,
if information about lung function is needed.
Follow strict infection-control procedures if aerosol-generating procedures
– including nebulisation, oxygen therapy (including nasal prongs), sputum
induction, manual ventilation, non-invasive ventilation and intubation –
are needed.
Follow local health advice about hygiene strategies and use of personal
protective equipment (PPE) as new information becomes available in
your country or region.
COVID-19 vaccines should not be administered to patients with a history
of severe allergic reaction to polyethylene glycol, or any other vaccine
ingredient.
Remind people with asthma to have an annual influenza vaccination.
A gap of 14 days between COVID-19 vaccination and influenza
vaccination is recommended by the CDC.
We suggest that biologic therapy and COVID-19 vaccine should not be
given on the same day, to allow the adverse effects of either to be more
easily distinguished.

Source: Information obtained and adapted from https://ginasthma.org/wp-content/
uploads/2021/03/21_03_30-GINA-COVID-19-and-asthma.pdf

other GINA recommendations pertaining to the management of
asthma during the COVID-19 pandemic are presented in Table I.
While several international bodies have expressed caution
or discouraged the use of nebulisers during the COVID-19
pandemic,19,20 the British National Institute for Health and
Care Excellence (NICE) has advised that since aerosols are
generated from fluid within the nebuliser chamber and are
unlikely to disperse COVID-19 particles from the patient,
nebulisers may continue to be used.21 The International Society
of Aerosols in Medicine (ISAM) has recommended the use of
a valved chamber that is capable of containing aerosol until
inhalation or a breath-synchronised nebuliser that will limit
aerosol-generation after patient inhalation.18

ROLE OF ADJUNCTIVE ANTI-ASTHMA AND ANTIALLERGY THERAPIES DURING THE COVID-19 PANDEMIC
Owing to their shared pathophysiological basis, concurrent
allergic rhinitis (AR), allergic conjunctivitis and other allergic
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manifestations frequently present in individuals with asthma.
Therefore, concurrent use of the antihistamine and leukotriene
receptor antagonist classes of medication are commonly used
by individuals with asthma.22 However, the role of these classes
of drugs during the COVID-19 pandemic is unclear at this stage.
A small retrospective study that comprised 84 elderly nursing
home residents with suspected COVID-19 reported no hospital
admissions, deaths or adverse drug reactions among those
who were treated early with antihistamines +/– azithromycin.23
Another study that examined the health records of more than
219 000 subjects found the prior usage of several antihistamines,
including loratadine, cetirizine, hydroxyzine, diphenhydramine
and azelastine, was associated with a decrease in the incidence
of COVID-19 positivity in subjects who were older than 61
years. In the same study, hydroxyzine, diphenhydramine and
azelastine also displayed antiviral activity against SARS-CoV-2
on in vitro analysis.24
Thick, tenacious and adherent respiratory secretions are a
characteristic feature in patients with COVID-19 pneumonia
and have been shown to contribute to prolonged mechanical
ventilation and poor outcomes overall.25 Since both first- and
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second-generation antihistamines and also leukotriene receptor
antagonist have been associated with the drying of airway
secretions as a result of muscarinic receptor blockade,26,27 these
medications may further increase the viscosity of airway secretions
in patients with COVID-19 pneumonia. Therefore, until the safety
and efficacy of these classes of drug are proven in larger-scale
and well-designed studies, these should be prescribed with
caution, especially in patients with COVID-19 pneumonia.

CONCLUSION

Well-controlled asthmatics do not appear to be at higher risk
of acquiring COVID-19 disease, developing a more severe
course of illness or having worse outcomes when compared to
non-asthmatics. The use and role of nebulisers, antihistamines
and leukotriene receptor antagonists in asthmatic patients
with COVID-19 is currently unclear. Healthcare workers
must therefore encourage optimal asthma control during the
COVID-19 pandemic.
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ABSTRACT

Metered dose inhalers (MDIs) are the devices most commonly used to deliver aerosols to the lungs. With optimal
technique, lung deposition averages below 10% rising to approximately 15% if a spacer is used. Optimal hand–breath
coordination is required when using MDIs directly in the mouth as actuation one second before inhalation reduces drug
delivery by 90%.1 Spacers and valved holding chambers provide an additional volume in which medication is dispersed
before it is breathed into the lungs. Because particles are breathed in after dispersing within the chamber, both aerosol
velocity and particle size are reduced as larger particles adhere to the sides of the chamber. These factors prevent most
of the deposition on the oropharynx and improve lung deposition by approximately 6% (from 8.8% to 14.8%).2 Despite the
widespread misconception that nebulisers work better than MDIs even with spacers, metered dose inhalers can achieve
equivalent, or even better clinical effect than nebulisers, simply by increasing the number of puffs to deliver the same
dose. Cochrane reviews show an equivalent risk of hospital admission for adults whether treated with nebuliser or MDI
but a 35% reduction in risk of admission for children when treated with MDIs.3 In children, the length of stay in emergency
departments is significantly shorter when an MDI and spacer is used with a mean difference of almost 30 minutes.
Keywords: low-cost modified bottle spacers, metered dose inhalers

INTRODUCTION

T

he use of a modified 500 mL plastic bottle as an asthma
spacer was pioneered by Professor Heather Zar in the
1990s. This concept, now dubbed the ‘AfriSpacer’, began with
a hole burned in the bottom of plastic bottles in the shape of
a standard MDI’s mouthpiece.4 Research conducted at the
Red Cross War Memorial Children’s Hospital evaluated the
efficacy of using plastic bottle spacers, demonstrating that they
are as effective as commercial spacers for improving oxygen
saturation, peak flow rates and clinical scores, while reducing
the need for additional treatment and hospital admissions in
acute asthma.5,6

Burning holes in the bottom of plastic bottles releases toxic
fumes and results in carbon being deposited in the base of the
bottles. This process is time-consuming and labour-intensive,
limiting the production to small numbers. An alternative method
of softening the mouth of the bottle in boiling water as the point
of insertion of the MDI and cutting the bottle in half to fashion a
rudimentary mask is not feasible (the MDI cannot be made to fit
into the mouth of a bottle). This is also ineffective as the hard
surface of the cut bottle, even with padding, cannot be made to
seal over an infant’s face.7 In 2019 a new solution was proposed
by biomedical engineering students at the University of Cape
Town in which the elliptical shape of the MDI mouthpiece was cut
from the base of the bottle using a Dremel drill with a specially
made rig. This solution worked well for small batch numbers of
up to 1 000 but was labour-intensive and not cost-effective or
sustainable in the long run.
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At the onset of the COVID-19 pandemic in early 2020, the
risks of using a nebuliser to deliver inhaled therapy were again
thrust to the fore. Nebulisers have a high risk of SARS-CoV-2
transmission as they can produce droplets in the small- and
medium-size aerosol range8 and disperse viral particles in
exhaled air > 0.8 m from the patient that may remain airborne
for more than 30 minutes.9 This led to recommendations to use
MDIs with inhaler therapy, rather than nebuliser therapy, as
the default therapy in all asthmatics in all circumstances apart
from immediately life-threatening asthma.10 Implementation
of this recommendation was limited by the increased demand
for and insufficient numbers of low-cost spacers, particularly in
the public health service. We therefore wished to produce large
numbers of spacer rapidly and make them available to primarycare sites.
In order to make a rapidly scalable version of the AfriSpacer,
Polyoak developed an idea of blow-moulding the bottles with a
modification at the base to allow more rapid conversion into a
spacer. We therefore designed and produced a mould for the
base of the blow-moulding machine used to make the bottles
directly at manufacture. During the blow-moulding production
process, the plastic of the bottle is still soft, and air is blasted
into the bottle base which contains an extrusion in the exact
size and shape of the inhaler’s mouthpiece. This results in a
protuberance in the shape of the inhaler. After that, the only
manual task is to slice off the end of the protuberance leaving a
perfect-fit hole for attaching the inhaler.

REVIEW ARTICLE

Figure 1: The base for the blow-mould machines

Figure 2: The bottle spacer as produced with the protuberance

The blow-moulding process creates a cleaner final product that
is cost-effective and easily scalable to produce large numbers of
spacer. During 2020 and early 2021, funding solicited from the
ELMA Philanthropies allowed the Allergy Foundation of South
Africa (AFSA) to produce and deliver 100 000 spacers to five
provinces of South Africa (30 000 to Western Cape, 20 000 to
Gauteng, KwaZulu-Natal and Eastern Cape, 10 000 to North
West province). The spacers were delivered to central medicine
depots allowing distribution of spacers to any health site within
these provinces using the provincial ordering mechanisms.
Challenges that were encountered along the way included
post-processing of the bottles to cut off the protuberances
and adding instructions for use to the spacers. Initially, a more
effective method of removing the protuberance was devised by
producing a cutting machine comprising a wood lathe in a cradle
that is capable of cutting a box of 170 bottles in ten minutes.
This method produces a clean edge that produces no dust or
burrs and requires no cleaning. Subsequently, the biomedical
engineering students at the University of Cape Town, with their
company Impulse Biomedical, produced a second solution
allowing multiple bottles to be loaded into a cradle and pushed
over a lathe simultaneously, further reducing the post-production
processing time.

Figure 3: The protuberance
is cut off to produce the hole
for the asthma pump
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Figure 4

Figure 5

The second challenge was providing instructions for the use
of the spacer. This was achieved by designing labels printed
with instructions for optimal use. Cape Town-based Maker
Station designed and produced five labelling machines to semiautomate the process and reduce the processing time required
to affix labels.

Figure 6: Labelling
machine

Figure 7: AfriSpacer version 1
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NEXT STEPS

From burning elliptical holes in plastic cooldrink bottles, to
milling them, and now blow-moulding the base of the spacer,
the AfriSpacer has come a long way in the past year. However,
the major barrier to increase the scale of the project and ensure
its long-term viability remains the post-processing of the bottles,
including the cutting of the protuberances and the labelling.
Alternatives to the labelling process were therefore considered.
Because bottles are usually labelled while standing on their
bases, the protuberance at the base of the AfriSpacer makes
them unsuitable for this process. In addition, printing directly
on a corrugated section of bottle is very difficult. The second
version of the AfriSpacer will therefore use a different bottle with
a non-corrugated section which will allow the instructions to be
printed directly on the bottles during the production process,
completely eliminating the separate labelling step.
Spacers can be used in two very different ways. The most
effective technique involves breathing all of the air out of one’s
lungs to as close to residual volume as comfortable. This is
followed by actuating the MDI into the spacer, breathing all of
the medication containing air slowly and deeply into one’s lungs,
followed by a breath-hold of ten seconds and then slow exhalation
through the nose. This ‘single-breath inhalation technique’ may
not be possible in young children, older adults and those with
respiratory impairment. The alternative technique is to breathe
slowly in and out of the spacer’s mouthpiece, for at least six
deep tidal breaths. If a spacer is to be used with this technique,
a one-way valve is required to divert exhaled air away from
the bottle and prevent it from dispelling uninspired medicationcontaining air. The spacer’s effectiveness is markedly limited
with this technique if a valve is not present.
In order to address this problem, a one-way valve system was
developed that clips onto the mouthpiece of the AfriSpacer. This
device, dubbed ‘AfriValve’, is a cost-effective injection-moulded
valve system that allows patients to keep their mouths on
the mouthpiece while inhaling and exhaling. The system
ensures comfortable and efficient delivery of medication to
the patient. The AfriValve can be mass manufactured easily
and is a scalable solution. The use of the AfriValve with the
AfriSpacer improves its efficacy to have identical functionality
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The AfriValve prototype has worked well thus far and has
completed a second phase of design iteration to ensure that
the membranous valve is the correct thickness and hardness/
stiffness. “AFSA has secured funding via the Water Institute
of South Africa (WISA) from Grundfos, and additional funding
from ELMA philanthropies, which has allowed us to employ a
manufacturer to move to mass manufacturing.”

Figure 8: The AfriValve attached to an AfriSpacer

to commercial spacers at a fraction of the cost. The valve will
be manufactured using medical plastics and silicone and will be
washable at high temperatures making it a safe, effective and
durable product.
The AfriValve consists of two injection-moulded polypropylene
plastic parts and a flat silicone membranous valve stamped from
a sheet of silicone rolled out to our desired thickness that is used
to create unidirectional flow of air. All components are designed
to minimise manufacturing costs and improve the functioning of
the AfriSpacer for improved delivery of medication.
Figure 11: AfriValve renders in various colour combinations

Figure 9: The three components of the AfriValve prototype manufactured
using a 3D printer and cast silicone

During inhalation, the membranous valve (shown in red) pushes
upward and allows medication-filled air to travel through to the
patient’s mouth. During exhalation, the valve closes, preventing
air from entering the bottle, but it opens an exhaust, allowing the
exhaled air to travel outside of the bottle (see Figure 10).

Figure 12: The AfriSpacer and the AfriValve

The AfriValve is projected to have the greatest impact in lowand middle-income settings and lead to markedly reduced
costs of spacers, thereby improving the availability of efficient
emergency and chronic asthma treatment. This aims to improve
chronic control, leading to fewer unscheduled hospital visits and
reduced admissions. In addition, the widespread availability of
spacers for the management of acute asthma will reduce the
need for nebulisers and therefore prevent spread of infectious
diseases that are facilitated by droplet spread when using
nebulisers. The AfriValve has been patented by AFSA and the
product will be marketed and distributed via AFSA.
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Figure 10: How the two-directional valve functions during inhalation (left)
exhalation (right)
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ABSTRACT

Asthma is a chronic inflammatory disorder of the airways in which many cells and cellular elements play a role. In the
genetically susceptible individual this inflammation causes recurrent episodes of wheezing, breathlessness and cough,
particularly at night and in the early morning. The number of disability-adjusted life years (DALYs) lost due to asthma
worldwide has been estimated to be 15 million per year. South Africa has the fourth-highest asthma mortality in the
general population (1.5 per 100 000) and the fifth-highest asthma mortality among 5–35-year-old asthmatics (18.5 per
100 000). The goals of asthma therapy have been revised with latest publication of the 2021 Global Initiative for Asthma
(GINA) guidelines. Asthma is now understood to be a heterogeneous condition that is characterised by frequent acute
episodic exacerbations. These frequent exacerbations against the background of chronic persistent inflammation have
led to a change in our goal of asthma therapy. Previously, we used an objective measure such as documenting spirometric
improvement as being the main therapeutic yardstick; however, the goal is now one of achieving ‘total asthma control’
which encompasses sustained symptomatic and spirometric improvement. With our better understanding of the different
pathophysiological mechanisms underlying the asthmatic phenotype, several newer medications have been synthesised
to target the specific immunological pathway-driving inflammation in asthma. Furthermore, with the latest evidence from
the maintenance and reliver therapy (MART) trials there has been a major change to the asthma management paradigm
within the mild asthmatic population – an often-neglected population group. This article focuses on the new guidelines for
mild asthmatic patients and expounds on the biologicals therapies available to treat patients with refractory asthma and
their specific targets within the asthma endotypes.
Keywords: asthma, chronic inflammatory disorder, chronic management

INTRODUCTION

A

sthma is a chronic inflammatory disorder of the airways in
which many cells and cellular elements play a role. It has
recently been re-defined by the 2021 Global Initiative for Asthma
(GINA) guidelines as
Asthma is a heterogeneous disease, usually characterised
by chronic airway inflammation. It is defined by the history of
respiratory symptoms such as wheeze, shortness of breath,
chest tightness and cough that may vary over time and in
intensity, together with variable airflow limitation which may
later become permanent.1

In the genetically susceptible individual this inflammation
causes recurrent episodes of wheezing, breathlessness and
coughing particularly at night and in the early morning.2-5 Asthma
is also one of the most common chronic respiratory conditions
and its prevalence is increasing worldwide.6 It is estimated that
approximately 300 million people in the world currently have
asthma.7 The rate of asthma increases as communities adopt
Western lifestyles and become urbanised. With the projected
increase in the proportion of the world’s population, that is, urban
from 45% to 59% in 2025, a marked increase in the number of
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asthmatics worldwide over the next two decades is likely. It is
further estimated that there may be an additional 100 million
persons living with asthma by 2025.8,9
The number of disability-adjusted life years (DALYs) lost due to
asthma worldwide has been estimated to be about 15 million
per year. Universally, asthma accounts for approximately
1% of all DALYs lost, which reflects the high prevalence and
severity of asthma. The number of DALYs lost due to asthma
is similar to that for diabetes and cirrhosis of the liver – both
conditions with less therapeutic options available to the treating
physician. South Africa has the fourth-highest asthma mortality
in the general population (1.5 per 100 000) and the fifth-highest
asthma mortality among 5–35-year-old asthmatics (18.5 per
100 000).10 Despite progressive reductions over the past few
decades, asthma mortality remains high within the southern
African region. For example, in South Africa among 5–34-yearolds the asthma mortality rate has decreased by 0.13 deaths
per 100 000 per year over recent decades; however, at 1.5 it still
represents a relatively high rate internationally and is associated
with the fifth-highest case fatality rate in the world.8

REVIEW ARTICLE

Figure 1: Step-up therapy – GINA Guidelines 2021 Adults & Adolescents

The goals of asthma therapies have been revised with latest
publication of the GINA guidelines. Previously, therapeutic
interventions were chosen and titrated by the severity of the
initial presentation. Asthma is now understood clearly to be a
heterogeneous condition that is characterised by frequent acute
episodic exacerbations. These exacerbations occur against a
background of chronic persistent inflammation and structural
changes which result in persistent symptoms and reduced lung
function.11 These frequent exacerbations against the background
of chronic persistent inflammation have led to a change in the
goal of asthma therapy to being one of achieving ‘total asthma
control’.12-14 The most important development in asthma
care has been the documentation of progressive decline in
objective measure of lung-function assessment in uncontrolled
asthmatics, irrespective of the severity of the illness.15
Mild asthma is defined as the disease that is controlled with
as‑needed reliever medication alone (Step 1) or with regular
low‑intensity treatment (Step 2).1 This includes patients with
sporadic asthma symptoms and those with more frequent or
persistent symptoms. However, what is clearly evident from
studies assessing airway inflammation and histopathological
studies is that, regardless of asthma severity level, airway
inflammation is always present.16,17 Data from landmark clinical
trials published in leading journals indicate that continuous
inhaled corticosteroid steroid (ICS) treatment leads to improved

symptom control and a significant reduction in the risk of
exacerbations with a reduction in airway inflammation.18-20
Unfortunately, even in this population of patients with mild
asthma, symptoms remain uncontrolled in more than 50%
of patients.21 One of the major reasons postulated for the
poor control documented in this group of patients is the lack
of patients’ compliance with maintenance treatment.22 This
has reinforced the need for the use of ICS at all opportunities
in the management algorithm for step-up therapy in patients
with asthma. The availability of inhalers containing both an
ICS and a long‑acting β2‑agonist (LABA) with a rapid onset of
action (formoterol) led to the concept of using a combination
inhaler (ICS/LABA) for symptom‑driven asthma treatment.
In this treatment approach, patients are advised to use one
inhaler only containing both an ICS and a rapid‑acting LABA as
maintenance (twice daily), as well as for as‑needed treatment
when symptoms occur – the maintenance and reliever therapy
(MART) approach. The advantage of this approach includes,
first, the administration of an increasing dose of ICS when
symptoms are present and adjusted to symptom severity; and,
second, the effect of the LABA with rapid onset of action allows
for immediate relief of patients’ symptoms.23 This paradigm shift
has led to the most significant changes in the GINA guidelines
with the Step 1 therapy advocating the use of ICS/LABA in the
mild intermittent asthmatic patient.1
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TABLE I: EXAMPLES OF DIFFERENT ASTHMA PHENOTYPES
ASTHMA PHENOTYPES
Clinical

Early onset/atopic
Late onset – older than 40 years
Smoker/ACOS (Asthma–COPD Overlap Syndrome)
Exercise-induced
Aspirin-induced
Occupational
Obesity
Gastro-esophageal reflux associated
Rhinitis predominant

Pathological

Eosinophil predominant
Neutrophil predominant
Mixed cellular
Airway remodelling

Conventional
treatment

Frequent exacerbator
Relapsing/remitting
Inhaled steroid responsive
Inhaled steroid resistant
β receptor polymorphisms
Leukotriene receptor antagonist sensitive

TABLE II: EXAMPLES OF DIFFERENT ASTHMA ENDOTYPES
ASTHMA ENDOTYPES
TH2-driven =
Eosinophil
predominant

Anti IgE responsive
Anti Il 4 responsive
Anti Il 5 responsive
Anti Il 13 responsive
Periostan elevated
Steroid responsive

TH1-driven =
Neutrophil
predominant

Steroid resistant
TNF responsive
HDAC regulator responsive

The MART approach has allowed treating physicians to enable
patients to have greater control of their illness. Another Class
A recommendation from the GINA guidelines has been the
advocacy for a patient-driven treatment plan.1 Chronic treatment
of asthmatic patients includes the use of an asthma treatment
plan, with specific set goals for asthma treatment to achieve and
maintain control of symptoms, maintain normal activity levels,
including exercise, sleep uninterrupted by asthma symptoms
and the prevention of asthma exacerbations. The emphasis of
the new GINA guidelines is to achieve ‘asthma control’ defined
by the GINA score or another equivalent objective score (ie,
Asthma Control Test – ACT or the Asthma Control Questionnaire
– ACQ) thus minimising future risk. Most asthma patients can
live a normal life with a natural life expectancy with optimal
treatment (see Figure 1).1,24,25
With a greater understanding of the molecular mechanisms
driving the inflammation in asthma, newer therapeutic targets for
treating asthma have been developed. This understanding has
allowed us to redefine the sub-groups of asthma into phenotypespecific and endotype-specific. The asthma phenotype describes
the clinically observable characteristics of the disease without a
direct relationship to an underlying pathophysiological process.
208

It refers specifically to clinical and morphologic characteristics as
well as unique responses to treatment. Phenotypes are clinically
relevant but do not necessarily relate to or give insights into
the underlying molecular and pathological mechanism driving
the disease. (Table I). Asthma endotypes refer to a sub-type
of the disease, defined by an intrinsically distinct pathogenic
or pathophysiological mechanism. Endotyping describes the
disease-specific sub-types, based on cellular and molecular
mechanisms that drive the clinical manifestations of the illness.26
(Table II). The identification of these different pathophysiological
pathways underlying the asthmatic phenotype has led to the
synthesis of several newer biological medications targeted
at specific immunological biomarkers driving inflammation in
asthma. Some of these biological therapies have now been
included as a Level A recommendation in the latest GINA
guidelines for the management of severe or refractory asthma
(Figure 2).
Based on exacerbation rates, two predominant asthma
phenotypes have been described.30 This distinction has been
made based on the presence or absence of tissue eosinophils.
Patients with asthma who have airway eosinophilia have
greater airway remodelling and are more exacerbation prone,
whereas those without eosinophilia have more reversable
airway obstruction.31 Exacerbation rates are the predominant
driver for poor asthma control. Hence, most targeted therapies
are focused on inhibiting eosinophil recruitment or activation.32
These newer biological therapies are reserved for patients with
refractory symptoms and persistent airway inflammation. They
include:
• omalizumab, an anti-IgE antibody;
• mepolizumab and reslizumab both anti-IL5 monoclonal
antibody;
• lebrikizumaban IL-13 antibody;
• dupilumab, a subcutaneously administered antibody to the
alpha sub-unit of the interleukin-4 receptor which inhibits
signalling by both interleukin-4 and interleukin-13; and
• tezepelumab the latest up-steam monoclonal antibody
directed against thymic stromal lymphopoietin (TSLP).33-35
The major targets of these biological therapies have focused
predominantly on modulating the TH2 inflammatory response.
The first and most extensively studied of the biological therapies
is omalizumab, targeted against IgE. It is advocated in Step
5 of the GINA guidelines and has a level A recommendation.1
Numerous studies have established the safety and efficacy of
omalizumab in the adult and paediatric population. A systematic
review by Rodrigo et al of eight placebo-controlled trials using
omalizumab as add-on therapy confirmed that the use of
omalizumab decreased asthma exacerbations and the dose
of corticosteroids (inhaled and oral) needed to control asthma
symptom. There was also a decrease in the admission rate and
an improvement in the quality of life (QoL), but minimal change
in the lung-function test.36
TH2 lymphocytes also promote airway inflammation through
release of several key cytokines including IL-4, IL-5 and IL13. These cytokines are the chief orchestrators required for
differentiation of naive T-cells into TH2-cells in the presence of
allergens. This terminal TH2 differentiation is the primary factor
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Figure 2: The cellular and cytokine interactions in the immunopathogenesis of asthma (adapted from Lambrecht et al,27 Anderson et al28 and
Seroogy et al29)
B cell: B lymphocytes, FCεRI: High-affinity IgE receptor, Foxp3: Forkhead box P3, GATA 3: Nuclear transcription factor belonging to the GATA
family, IFNγ: Interferon gamma, IgE: Immunoglobulin E, IL: Interleukin, ILC2: Group 2 Innate Lymphoid cells, LT: Leukotrienes, MHC II: Major
histocompatibility complex class II, NKT: Natural killer, RORγt: Retinoic acid receptor-related orphan nuclear receptor gamma, T-bet: T-box nuclear transcription protein, TCR: T-cell receptor, Th0: Naive T cell, Th: T helper cells, Treg: Regulatory T cell, TGFβ: Transforming growth factor
beta, TNFα: Tumour necrosis factor alpha, TSLP: Thymic stromal lymphopoietin, T cells: T lymphocytes.

driving B-cell isotype-switching from IgM to IgE. Furthermore,
each of these cytokines have several other effects on the
respiratory system and they have all become the target of
various biological agents:
• IL-4 promotes eosinophil migration across the vascular
endothelium.
• IL-5 stimulates terminal differentiation of and promotes the
survival of eosinophils.
• IL-13 shares some activities with IL-4 and contributes to
allergic inflammation by modulating the TH1/TH2 balance and
stimulating IL-5 production.
Dupilumab, a fully human monoclonal antibody (Ab) to the alpha
sub-unit of the interleukin-4 receptor, was investigated by Wenzel
et al in patients with persistent, moderate-to-severe asthma
and elevated blood eosinophil levels.37 This trial demonstrated
clearly that within this asthma endotype, there was significant
reduction in the asthma exacerbation rate. Dupilumab used as
the only controlling agent, has the potential to reduce the need
for both the inhaled and oral corticosteroid.
A humanised anti-IL-13-specific antibody, Lebrikizumab has
also been developed and outcomes of its efficacy was recently
published in the New England Journal of Medicine (NEJM) by

Corren et al.38 IL-13 therapy was most beneficial in a sub-group
of eosinophilic asthmatic patients with an elevated periostan
level. Patients with a high pre-treatment level of serum periostin
had greater improvement in lung function with lebrikizumab than
patients with low periostin levels. This was the first trial that
confirmed the ‘proof of concept’ of targeting asthma endotypes.38
Periostin is a matric-cellular protein induced by interleukin-13
and is expressed uniquely by airway structural cells with a
predominant TH2 inflammatory endotype.39
IL-5 and its receptor are also therapeutic targets based on the
eosinophil’s biological role in inflammatory pathways in asthma.
IL-5 prolongs survival, promotes terminal differentiation and
causes bone marrow release of eosinophils. Furthermore,
eosinophilic airway inflammation, and the concentration of
sputum eosinophils predicts a risk for asthma exacerbations.40
Mepolizumab, a human recombinant anti-IL-5 monoclonal Ab,
has been found to be safe and efficacious in patients with the
hypereosinophilic syndrome (HES). However, several of the
early clinical studies in asthma found that although mepolizumab
significantly decreased peripheral blood and sputum eosinophils
and, to a lesser extent, bronchial and bone marrow eosinophils,
there were no clinically significant changes in clinical end points
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TABLE III: BIOLOGICAL THERAPIES AND EFFECTS ON ASTHMA BIOMARKERS AND CLINICALLY MEASURE OUTCOMES
(ADAPTED FROM FAJT ET AL43)
TARGET

BIOLOGIC
USED

MAJOR OUTCOME MEASURED

IgE

omalizumab

↓

IL-4/IL-13

pitrakinra

↔

↔

↑

IL-13

lebrikizumab

↔

↔

↔

IL-4Rα

dupilumab

↓

↓

Anti–IL-5

mepolizumab

↓

Anti–IL-5Rα

benralizumab

TSLP

Tezepelumab

↓ : reduction; ↔ : no change; ↑: improvement;

ASTHMA
RESCUE
EXACERBATIONS THERAPY - (β2AGONIST USE)

FENO

SERUM
EOSINOPHILS

↔
↔

↔

↓
↑

↓
↓

↓

↓

↓

↓

↓

: not assessed

(ie, asthma exacerbations, Quality of Life (QoL) or Forced
expiratory volume in 1 second (FEV1)) measured. More recently,
the results of two randomised, placebo-controlled, parallelgroup studies of mepolizumab were reported by Halder et al in
the NEJM.41 In these trials mepolizumab use was limited to a
specific asthma phenotype who had more severe, exacerbationprone disease that was refractory to usual maximal treatment
and had persistent airway eosinophilia. In this cohort of patients
treated with high doses of inhaled or systemic corticosteroids,
mepolizumab significantly reduced exacerbation rates.41 In
another trial published in the Lancet Respiratory by Castro et
al, patients with late-onset asthma who had elevated blood
eosinophils, the anti-interleukin 5 (IL-5) antibody, reslizumab,
reduced exacerbations by 75% compared with placebo.42 In
this study of reslizumab, late-onset asthma was defined as
occurring in patients who were diagnosed with asthma for the
first time after the age of 40 years. Reslizumab also reduced
exacerbation rates in patients younger than 40 years, but to a
much lesser extent (42%).42
Tezepelumab, an upstream biological therapy targeting thymic
stromal lymphopoietin (TLSP), is the first biologic that has
a substantial positive effect on two important biomarkers of
inflammation in asthma: blood eosinophil counts and the fraction
of exhaled nitric oxide (FeNO). These biomarkers are easy
to measure and readily available, and as such have become
the most important biomarkers measured when assessing
outcomes in trials with biologics. All the biological therapies
listed above have demonstrated a differential effect on blood
eosinophil counts and FeNO. Some showed an improvement in
the FeNO and not the eosinophil counts or vice versa. However,
tezepelumab is the first biologic that has shown an improvement
in all clinical outcome measures, as well as, biomarkers
measured.35 (Table III).
While most of the focus on biological therapy has been directed
at the TH2 pathway, several studies have documented some
benefit in targeting the TH1 pathway, and in particular TNFα and
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FEV1

neutrophilic inflammation. Unfortunately, this initial enthusiasm
for anti-TNFα therapy has waned due to a recent double-blind,
placebo-controlled study by Antoniu et al evaluating golimumab,
an anti-TNFa monoclonal antibody, in 309 people with asthma.44
This study was terminated early owing to severe adverse effects
including pneumonia, sepsis, increased rate of malignancy
and one death. Although studies have demonstrated efficacy
in certain sub-groups of asthma patients, the significant sideeffect profile demonstrated by Antoniu et al will likely preclude
the future use of TNFα inhibitors in asthma.44
In addition to the therapeutic interventions discussed above,
there are therapies that have been effectively used in
patients with chronic obstructive airways disease (COPD)
which have recently proven effective in patients with asthma.
These include inhaled long-acting muscarinic antagonists
(LAMA), azithromycin and slow-release (SR) theophyllines.
Of these LAMA as add-on therapy has shown the greatest
benefit in uncontrolled or refractory asthmatics. Add-on LAMA
therapy reduces exacerbation rates and improves FEV1 when
combined with an ICS-LABA.45-47 The use of slow-release (SR)
theophyllines is controversial and should be only be considered
in patients with severe or difficult-to-treat asthma not responsive
to maximal dose inhaled therapies. Their potential benefit must
be balanced with their narrow therapeutic range and significant
side-effect profile. There have been several trials assessing the
efficacy of long-term macrolide therapy in uncontrolled difficultto-treat asthmatic patients.48,49 The current literature suggests a
beneficial role of azithromycin therapy in a sub-group of patients
with exacerbation-prone non-eosinophilic asthma.50
Bronchial thermoplasty (BT) is an additional intervention that
may offer benefit to the exacerbation-prone uncontrolled
asthmatic who is not responsive to inhaled therapies and cannot
access, or may have failed biological interventions (eg, anti-IgE,
anti-IL-5, anti-IL-4 or anti-TSLP immunotherapy). BT refers to
the application of radio frequency-generated heat energy to the
large and medium-sized airways.51 This therapy was developed
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to prevent excessive bronchoconstriction by reducing airway
smooth muscle. BT is the first asthma treatment developed that
targets airway remodelling instead of mainly modulating airway
inflammation and bronchomotor tone.52 However, because of the
cost of the therapy, as well as the expertise needed to perform
BT it is recommended that it be performed only in referral centres
that have experience with the procedure.

adequately to this therapy. By increasing our knowledge of
the pathophysiology of asthma and by identifying the various
inflammatory phenotypes and endotypes, a more goal-directed
therapeutic strategy could be employed. With the advent of
biological therapies in asthma it may be possible in the not-toodistant future to achieve our ‘Goal of Total Asthma Control for
All’.

For the vast majority of asthmatic patients the use of an
ICS+LABA combination with the addition of either a leukotriene
receptor antagonist (i.e. montelukast) or a LAMA (i.e. tiotropium)
will provide adequate control.53-55 However, asthma is an airway
inflammatory syndrome and, whereas ICS and LABA with LAMA
therapy play a pivotal role in controlling this inflammation, a
population of asthmatic patient remain who fail to respond
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SUMMARY

We present a case of a child presenting with well-described but poorly recognised symptoms of life-threatening asthma
that were initially missed. We present a management protocol for life-threatening asthma, for which evidence in the
literature is lacking.
Keywords: life-threatening asthma, acute hysteria, management protocol

INTRODUCTION

I

t was a Friday afternoon. We received a call from one of our
doctors in casualty letting us know that one of our patients
was there. She was an 11-year-old, known to us with asthma,
who had been in casualty since the night before. According
to the doctor, there was nothing wrong with her chest. She
had been assessed as having ‘acute hysteria’ and was being
transferred to our step-down facility, Selby Park, for observation.
Her parents were refusing to leave until they had seen us, her
asthma doctors, hence the call.
We arrived in casualty, took one look at our patient, and called
for the resuscitation trolley. The staff were shocked as to which
patient was in need of resuscitation at that time. Our patient was
very agitated and was groaning and rolling around on the bed.
She had been uncooperative the whole night. We ran an urgent
arterial blood gas which showed a pH of 6.8 and a PCO2 of
103 mmHg (13,7 kPa). She was in type 2 respiratory failure and
her ‘clear’ chest was, in fact, a ‘silent’ chest. The diagnosis of an
acute life-threatening asthma exacerbation had been missed.
Our patient was intubated and taken to the paediatric intensive
care unit (PICU), where she was ventilated for 11 days. She is
well today, still being treated for severe persistent asthma at our
paediatric asthma clinic.

ASTHMA PREVALENCE

The Global Initiative for Asthma (GINA)1 defines asthma as
follows:
Asthma is a heterogeneous disease, characterised by
chronic airway inflammation and is defined by the history of
respiratory symptoms such as wheeze, shortness of breath,
214

Current Allergy & Clinical Immunology Ӏ December 2021 Ӏ Vol 34, No 4

chest tightness and cough that vary over time and intensity
together with variable, expiratory airflow limitation.
Asthma affects 339 million people worldwide2 and is the most
common chronic non-communicable disease in children. The
International Study of Asthma and Allergies in Childhood (ISAAC)
has provided the most reliable data on the prevalence of current
asthma symptoms in children across the world. They reported
that the prevalence of current asthma symptoms in children
in the 13-14-year-old group was 18–20% in South Africa.3 Not
only had the prevalence of symptoms increased over time, so
had the degree of severity of symptoms. African children with
asthma also have more severe symptoms than those in highincome countries.4 Poor socio-economic status, environmental
triggers, respiratory infection, obesity, genetic susceptibility,
less awareness of the symptoms of asthma, missed diagnosis
and a lack of access to care and appropriate treatment may be
contributing factors in low- to middle-income countries (LMIC)
such as South Africa.

ASTHMA MORBIDITY

The Global Burden of Disease collaboration estimated that 420
000 people in the world died from asthma in 2016, equating to
more than 1 000 per day.2 South Africa is ranked 25th worldwide
for asthma prevalence and fifth for asthma mortality, with an
estimated 18.5 deaths per 100 000 asthma cases.5 The majority
of hospitalised children with a severe asthma exacerbation
(SAE) will respond to appropriate first-line therapy, with only
5–16% requiring admission to the PICU.6

DEFINITION OF ASTHMA EXACERBATIONS

Asthma exacerbations are episodes of acute or subacute

REVIEW ARTICLE

TABLE I: ASSESSMENT OF SEVERITY OF ASTHMA
EXACERBATIONS10,11,12
Life-threatening
asthma

•
•
•
•
•

Silent chest; poor respiratory effort
Cyanosis; SpO2 < 90%
Bradycardia, dysrhythmia or hypotension
Exhaustion, confusion or drowsiness
PEFR < 33% predicted

Severe asthma
exacerbation

•
•

•

SpO2 < 90%
Unable to complete sentences in one breath; too
breathless to talk or feed
Agitation
Tachycardia*
Tachypnoea**
Pulsus paradoxus (> 10 mmHg children,
> 18 mmHg teenagers)
Accessory muscle use during expiration
Bilateral expiratory wheeze and/or reduced
breath sounds
PEFR < 50% predicted or unable to perform
PEFR measurements due to fatigue
Previous ICU admission

•
•
•
•
•
•

Able to talk in sentences
Pulse rate within normal limits
Respiratory rate within normal limits
Bilateral expiratory wheeze
SpO2 ≥ 92%
PEFR ≥ 50% predicted

•
•
•
•
•
•
•

Moderate asthma
exacerbation

*Tachycardia: Pulse rate > 140/min in children 2–5 years old; > 125/min in
children > 5 years old
**Tachypnoea: Respiratory rate > 40 breaths/min in children 2–5 years old;
> 30 breaths/min in children > 5 years old
PEFR - Peak expiratory Flow Rate
SpO2 - Oxygen saturation

worsening of asthma symptoms and lung function that require
an increase in asthma treatment.1 A severe asthma exacerbation
(SAE) is one that is life-threatening or requires emergency
treatment, or both.7

PATHOPHYSIOLOGY AND SYMPTOMS

The underlying pathophysiology in asthma is airway
inflammation, mucosal oedema, an increase in mucous secretion
and variable airflow obstruction resulting in the clinical signs that
include wheeze, shortness of breath, chest tightness and cough.
Increased airway resistance and dynamic hyperinflation cause
a ventilation–perfusion mismatch in the lungs, which leads to
increased work of breathing, hypoxia, subsequent respiratory
acidosis and cardiovascular compromise.8 Clinical signs that
indicate impending respiratory failure include a decreased level
of consciousness, an inability to talk in full sentences (due to
shortness of breath), decreased or absent breath sounds and
central cyanosis.9 The clinical signs and assessment of severity
of asthma exacerbations are summarised in Table I.10,11,12
A recent Lancet commission challenged conventional thinking
of asthma as a single disease, stating that a physiology-based
classification of airway diseases is outdated as it does not
take into account the various pathologically distinct underlying
mechanisms that contribute to individual patient morbidity and
mortality. They suggested a ‘precision medicine’ strategy – the
need for individualised phenotyping (and endotyping) to guide

diagnosis and management rather than the current ‘one-sizefits-all’ approach.13
The risk factors for asthma exacerbations are summarised in
Table II.1,14

WHEN TO ADMIT TO A PAEDIATRIC INTENSIVE CARE
UNIT

The following would require admission to a PICU:10,11
• Severe asthma not responding to first-line therapy.
• Severe chest recessions, dyspnoea or work of breathing.
• Minimal chest movement and/or ‘silent’ chest.
• Respiratory failure – hypoxaemia PaO2 < 60 mmHg (8 kPa)
and/or increased PaCO2 > 45 mmHg (6 kPa).
• Apnoea.
• Decreased level of consciousness, lethargy or agitation.

MANAGEMENT

Asthma management starts at home. All asthmatic patients
should have a personalised written action plan detailing the
warning symptoms of worsening asthma, when to adjust
controller and reliever therapy and when to present to a
healthcare facility. A card attached to their hospital card or a
Medic-Alert bracelet identifying them as an asthma patient may
be useful resources to alert emergency department staff.
While most paediatric guidelines offer evidence-based
management of asthma exacerbations,1,10,12 beyond that,
the evidence for PICU-based care is unclear, contradictory
or absent. Boeschoten et al surveyed current practices of
managing children with severe acute asthma from 37 PICUs
across 11 European countries and found a wide variation in the
use of adjunctive therapies beyond first-line treatments (oxygen,
inhaled short-acting beta-2 agonists (SABAs), and systemic
corticosteroids).6 Another study conducted across eight tertiarycare PICUs in the Collaborative Pediatric Critical Care Research
Network (CPCCRN) by Newth et al showed similar results.15
Frequent clinical assessment and basic monitoring that includes
continuous oximetry (to allow early oxygenation if the child is
hypoxic), electrocardiogram (ECG), respiratory rate, heart rate,
blood pressure, hydration status and level of consciousness are
more important than performing investigations.
INVESTIGATIONS
Chest X-ray (CXR) – this is not necessary to make a diagnosis
of asthma. A CXR should be performed only if a localised
auscultatory abnormality is found (pneumonia/foreign body),
in children who suddenly deteriorate clinically (pneumothorax)
and in all patients who have been intubated (to confirm correct
placement of the endotracheal tube).16,17
Peak expiratory flow rate (PEFR) – this can be reliably
performed only in children older than five years of age and is
difficult to perform in an acutely distressed patient. A PEFR
< 50% predicted together with a poor response to treatment is
indicative of an SAE.1,10
Arterial blood gas (ABG) – should be considered in patients
with a poor response to initial therapy, those whose PEFR is
< 50% of the expected flow rate and all children admitted to a
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TABLE II: RISK FACTORS FOR ASTHMA EXACERBATIONS

1,14

History

Uncontrolled asthma symptoms

Severity

Previously intubated/ICU admission
≥ 1 severe exacerbation in the past 12 months
requiring hospitalisation or emergency department
visit
Hypoxia at initial management

Medications

High short-acting beta2-agonists (SABA) use
Inadequate inhaled corticosteroids (ICS) or no ICS
Currently using or recently stopped oral
corticosteroids
Incorrect inhaler technique
Poor adherence
≥ 3 classes of medication
Failure to respond to pharmacological treatment

Comorbidities

Obesity
Chronic rhinosinusitis
Gastro-oesophageal reflux disease
Confirmed food allergy (increased risk of asthmarelated death)
Obstructive sleep apnoea
Pregnancy

Exposures

Smoking (or cigarette smoke exposure)
Allergen exposure and polysensitisation
Air pollution

Social

Psychosocial problems – depression, anxiety
Socio-economic problems – poor access to care, delay
in seeking help, lack of education

Lung function

Low forced expiratory volume in 1 second (FEV1)

PICU. A PaO2 < 60 mmHg (8 kPa) and PaCO2 > 45 mmHg (6
kPa) indicate respiratory failure.1,16 In acute asthma, the initial
PaCO2 is low as a result of hyperventilation and then slowly
rises as the severity progresses. Beware of a ‘normal’ PaCO2 in
a tachypnoeic asthmatic, as this could be a sign of exhaustion.

TREATMENT

First-line treatment for acute asthma includes oxygenation,
bronchodilatation and corticosteroid administration. Although
discussed separately here, these treatments should be initiated
almost simultaneously, starting with adequate oxygen and
bronchodilator therapy.
SHORT-ACTING BETA-2 AGONISTS (SABAs)
Inhaled: SABAs should be administered via pressurised
metered-dose inhaler (pMDI) and spacer combination.1 The
delivery of inhaled bronchodilators by pMDI with a valved spacer
and a tight-fitting mask, together with oxygen administration
by nasal cannula, has been shown to be more effective than
by a nebuliser in SAE.18 pMDI use is cheaper, quicker and
easier, requiring less personnel time, and it also has less risk of
disseminating aerosols and the spread of viral infections, which
is of particular concern during the COVID-19 pandemic.12
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Nebulised: An oxygen-driven nebuliser should be reserved for
patients presenting with a life-threatening asthma exacerbation
or patients that are intubated (in-line nebulisation unit of the
ventilator). SABAs should be administered by continuous rather
than intermittent nebulisation within the first hour.7 Several
studies have shown no increase in side-effects, including
tachycardia and hypokalaemia, with continuous nebulisation.19,20
Intravenous: SABAs should not be administered intravenously
first line in patients admitted with SAE, even if they are
mechanically ventilated.1,7,21 However, intravenous SABAs
can be considered in life-threatening asthma where minimal
airflow occurs and inhaled therapy to the lungs is significantly
reduced. A loading dose of salbutamol over one hour followed
by a continuous infusion can be considered.12,14,16 Alternatively,
Browne et al reported a quicker recovery time and an earlier
discharge from hospital with a single intravenous dose of
15 mcg/kg salbutamol.22
ANTICHOLINERGICS
Nebulised: In children admitted to the emergency room with
SAE, inhaled anticholinergics should be combined with SABAs.7
A Cochrane review of combined inhaled anticholinergics and
SABAs for the initial treatment of acute asthma in children
showed a lower risk of admission to hospital, an improvement
in lung function and no overall increase in adverse effects
when compared to SABAs alone.23 In hospitalised children,
however, the addition of nebulised anticholinergics to shortacting β2-agonists showed no improvement in hospital length
of stay or response to therapy and their use in this setting is
discouraged.1,24
CORTICOSTEROIDS
Systemic corticosteroids have been shown to improve asthma
exacerbations and prevent relapse; they should be administered
early on in all children presenting with an asthma exacerbation,
preferably within one hour of presentation.1 Oral administration
works within four hours of administration, is as effective as
intravenous and is favoured by being quicker to administer,
less invasive and cheaper. Intravenous administration should
be reserved for patients too distressed to swallow, patients who
are vomiting and those requiring non-invasive ventilation or
intubation.1
MAGNESIUM SULPHATE
Intravenous: Intravenous magnesium sulphate administered
as a single dose infused over 20 minutes to paediatric patients
with SAE who fail to respond to initial asthma management has
been shown to improve respiratory distress and reduce both
hospitalisations and the use of mechanical ventilation.7,25,26,27,28
Evidence for further use is limited. ECG monitoring is required
and beware the risk of hypotension.
Nebulised: Nebulised magnesium sulphate has shown no
benefit in the treatment of SAE in children.27,29
ADRENALINE
A dose of deep intramuscular adrenaline to the anterolateral
aspect of the thigh is recommended if the SAE is associated
with anaphylaxis and angioedema.1
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TABLE III. STEPWISE TREATMENT FOR SEVERE ACUTE EXACERBATION OF ASTHMA IN CHILDREN
OXYGENATION

BRONCHODILATORS

PHARMACOTHERAPY

STEP 1

Oxygen
via nasal cannula or venturi
mask.

SABAs (pMDI and spacer)
SABAs 4–10 puffs every 20 minutes for the first hour.
6–10 puffs repeated every 1–2 hours or
4–10 puffs every 3–4 hours if there is an improvement1

Corticosteroids
Oral
Prednisolone 40–50 mg/day PO for 5–7 days
(adults), 1–2 mg/kg/day to a maximum of 40 mg/
day PO for 3–5 days (children 6–11 years)1
OR IV
Methylprednisolone equivalent 2 mg/kg/day IV,
maximum of 80 mg/day divided 6–12 hourly.7,30
Hydrocortisone 4 mg/kg 6 hourly IV.14,16
Dexamethasone 0.6 mg/kg IV.12
A/E: hyperglycaemia, hypertension, acute
psychosis, increased risk of myopathy when
combined with muscle relaxants.

STEP 2

Oxygen
via non-rebreather mask.
O2 flow rate > 6 L/min.

SABAs (via nebulisation)
Salbutamol 2.5 mg (< 5 years),1 5 mg (> 5 years) 12 diluted
up to 4 mL sterile normal saline.
A/E: nausea, tremors, tachycardia, hypokalaemia.
Add anticholinergics (via nebulisation)
Ipratropium bromide 0.25 mg 8 hourly (< 6 years) and
0.5 mg 8 hourly (> 6 years).7
A/E: mydriasis, blurred vision.
Combination therapy
Salbutamol 10 mg (2 mL) OR Fenoterol 2 mg
(2 mL) PLUS Ipratropium bromide 0.5 mg/2 mL
Total volume of 4 mL. No saline needed.12
Three times in first hour then continuous.12

If anaphylaxis
Adrenaline IMI 1 mg/ml (1:1000) – 0.01 mg/kg IM
(Max – 0,5 ml IM).1

STEP 3

Non-invasive ventilation
Consider HFNC, BiPAP,
CPAP.
A/E: pneumothorax,
pneumomediastinum.

Magnesium Sulphate IVI
MgSO4 ≥ 20 mg/kg/dose up to 50 mg/kg (max 2 g) IV
infused over 20 minutes.7,25
A/E: nausea, flushing, muscle weakness, hypotension.

STEP 4

Intubation

Salbutamol IVI
Load at 5–10 mcg/kg/min IV for 1 hour then reduce to
1–5 mcg/kg/min as a continuous infusion.12,14,16
OR Single dose 15 mcg/kg over 10 minutes.22
A/E: tachycardia, arrhythmias, hypokalaemia,
hyperglycaemia, lactic acidosis.
Then Aminophylline IVI
Loading dose 5 mg/kg IV over 20 minutes (max dose
500 mg) then 0.5–1.0 mg/kg/hr as a continuous
infusion.14,16,30
A/E: hyperglycaemia, vomiting, arrhythmias, convulsions.

Drugs of choice for intubation
Ketamine 1–3 mg/kg IV
Suxamethonium 1–2 mg/kg IV or Rocuronium
0.6–1.2 mg/kg IV.7,16,35,38
Adrenaline 1 mcg/kg IV if haemodynamic collapse.
A/E: increased bronchial secretions (Ketamine).

STEP 5

Ventilation

Ventilator Settings
PCV/PRVC/PSV/VCV modes.
Optimise oxygenation.
Permissive hypercapnia pH > 7.2.
PIP < 35–40 cmH2O.
Pplat < 30 cmH20.
PEEP 1–5 cmH20.

Drugs of choice for sedation
Fentanyl 1–2 mcg/kg IV OR
5–10 mcg/kg/hr (preferred).
Midazolam 0.1–0.5 mg/kg IV or
1–4 mcg/kg/min (preferred).
Clonidine 2.5 mcg/kg PO (preferred).
Ketamine infusion
0.5–2 mg/kg/hr.17,30
Propofol can be considered in older children up to
4 mg/kg/hr.16
Avoid morphine (histamine-induced
bronchospasm).
A/E: increased airway secretions, hallucinations,
hypoventilation, decreased seizure threshold
(Ketamine).

STEP 6

Paralysis
Lowest dose for shortest duration/ intermittent
dosing.
Paralyse until FiO2 < 60%,
PIP < 25 cmH2O.16
A/E: Critical illness myopathy.

HFNC – High flow nasal cannula; BiPAP – Bilevel positive airway pressure; CPAP – Continuous positive airway pressure; PCV – Pressure controlled ventilation; PRVC
– Pressure regulated volume control; PSV– Pressure support ventilation; VCV – Volume controlled ventilation; PIP – Peak inspiratory pressure; Pplat – Plateau pressure
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AMINOPHYLLINE
Intravenous aminophylline and theophylline are not
recommended for use in SAE as they are associated with severe
and potentially fatal side-effects, including hyperglycaemia,
vomiting, arrhythmias and convulsions.28 However, intravenous
aminophylline can be considered in life-threatening asthma
unresponsive to conventional therapy.14,17,30 Do not load if oral
theophylline was given in the 24 hours prior to presentation, and
monitor plasma levels.16
LEUKOTRIENE RECEPTOR ANTAGONISTS (LTRAs)
The routine use of oral LTRAs has no role in the management
of acute asthma. Intravenous treatment may reduce the risk of
hospital admission but further studies are needed.31
ANTIBIOTICS
Routine use of antibiotics in patients with SAE is not
recommended, unless there are signs suggestive of a bacterial
infection.
OTHER NON-CONVENTIONAL INTERVENTIONS
Non-conventional interventions such as heliox, general
anaesthesia, bronchoscopy, mucolytics and extracorporeal life
support have been advocated but there is limited evidence for
their use.16
Stepwise treatment for severe acute exacerbation of asthma in
children is illustrated in Table III.

METHODS OF OXYGEN DELIVERY

Oxygen therapy should be initiated in all hypoxic patients via
nasal cannulae or face mask (venturi mask or non-rebreather
mask) and titrated to an oxygen saturation of 93–95% (adults)
and 94–98% (children 6–11 years) with SAE.1,7
NON-INVASIVE VENTILATION
Non-invasive ventilation (NIV) in hypoxic paediatric patients
with SAE is an attractive alternative to invasive mechanical
ventilation (IMV) due its simplicity, tolerance and minimal
side-effects, including barotrauma. Although there has been
a widespread increase in the use of NIV for acute asthma in
children over the past few years,32 most authors are cautious
about recommending its routine use.1,7,33 NIV can be considered
if conventional treatments fail and provided the patient remains
closely monitored.7 High-flow nasal cannula (HFNC) delivers
heated and humidified oxygen at high flow rates, which limits the
bronchoconstriction caused by cold dry gas and creates positive
pharyngeal pressure to reduce the work of breathing.34 Bilevel
positive airway pressure (BiPAP) use has been found to be safe,
has reduced PICU admissions and decreased hospital length of
stay for SAE in children.8 Nebulised treatments can be delivered
through NIV circuits.35
INVASIVE MECHANICAL VENTIATION
Patients with SAE responding poorly to conventional treatment
may require IMV. Acute severe asthma is characterised by
increased airway resistance and the limitation of expiratory
airflow, which leads to the incomplete exhalation of delivered
tidal volume and dynamic lung hyperinflation.36 Positive
pressure ventilation with air trapping, pre-existing hypovolaemia
secondary to poor oral intake and increased insensible water
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losses, all contribute to a risk of haemodynamic instability.

HOW TO INTUBATE

Peri-intubation is the most precarious time for a patient with
acute life-threatening asthma. There is a risk of laryngospasm
from airway handling, aspiration if the child has been feeding
and haemodynamic collapse resulting in cardiac arrest.
Intubation procedure:
• Ensure all options to avoid intubation have been exhausted.
• Allow the most experienced clinician to perform the intubation.
• Discuss a backup plan should intubation fail.
• Ensure appropriate fluid resuscitation.
• Have intravenous adrenaline available for possible
haemodynamic collapse. An intravenous adrenaline bolus
will help with hypotension and act as a bronchodilator.
• Ensure sedation and suction are available and prepared.
• Ensure adequate pre-oxygenation.
• Rapid sequence induction with cricoid pressure is suggested.
• Use a large cuffed oral endotracheal tube (ETT) to facilitate
suctioning of respiratory secretions. Nasal ETT is preferred
in some units to assist with strapping of ETT to cheeks and
allows for good oral hygiene but may be problematic in the
case of large ETTs.35 Cuffed ETTs are essential to deliver
high airway pressures and to prevent air leaks.
• Intubation drugs of choice include Ketamine, which helps
maintain blood pressure and is a bronchodilator,35,37 and
Suxamethonium.16,35,38 Rocuronium can also be used and
its extended duration of action will assist with initial setup of
mechanical ventilation.35
• Inhalational gas induction causes bronchodilation and can be
considered if available.
• Do not hyperventilate with a self-inflating bag resuscitator
post intubation (this will lead to worsening of already existing
undesirable air trapping).
• Place directly on the prepared ventilator.
• Manual chest decompression to allow trapped air to escape
may be necessary and could prove life-saving.16
• Always perform a CXR post intubation to confirm ETT
position.

HOW TO VENTILATE

The goals of mechanical ventilation are to optimise oxygenation,
allow permissive hypercapnia and prevent barotrauma while
maintaining venous return, cardiac output and blood pressure.16
Ventilation procedure:
• Neither pressure control ventilation (PCV) nor volume control
ventilation (VCV) is proven to be superior in paediatric
patients. Some units prefer pressure-regulated volume
control (PRVC) where ventilators calculate the lowest peak
inspiratory pressure (PIP) needed to deliver a safe tidal
volume.30,35
• Titrate FiO2 to keep SaO2 > 93% (adults), 94% (children).1,7
• Accept permissive hypercapnia – pH > 7.2.39
• Tidal volumes of 6–10 mL/kg.
• Start with a respiratory rate of 10–15 breaths/min; faster rates
for younger children.
• Shortened I:E ratios of 1:4 to 1:5 to allow for sufficient
exhalation before the next breath is delivered to avoid breath
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stacking contributing to dynamic hyperinflation.30,40,41
• PIP pressures < 35–40 cmH2O to avoid barotrauma.9,16,40
Plateau pressures (Pplat) < 30 cmH2O during volume-cycled
ventilation.36,38
• Adequate positive end expiratory pressure (PEEP) to
overcome or equal intrinsic PEEP is targeted but high
levels of PEEP (above auto-PEEP) should be avoided.41
Minimal PEEP stents small bronchi allowing gas to escape
and prevents dynamic hyperinflation. PEEP of 1–5 cmH20
has been used successfully without significant adverse
effects.35,41 This will reduce airway resistance, bronchodilate
and reduce the work of breathing.
• Ensure adequate sedation to improve the mechanics
and control of ventilation. A combination of fentanyl and
midazolam is considered safe. Morphine-induced histamine
release can theoretically worsen bronchospasm. The
addition of oral clonidine improves sedation and may limit the
need for muscle relaxants.35 Ketamine has been used as an
alternative as it has bronchodilatory effects, but it increases
the risk of hypersecretion and hallucinations when given
as an infusion.17,30,37 Propofol can be considered in older
children.16
• Use muscle relaxants in the acute phase at the lowest
dose and for the shortest duration possible. This will lower
the oxygen requirement and prevent patient–ventilator
dyssynchrony. Avoid atracurium because of its dosedependent histamine release properties. Terminate muscle

REFERENCES

1. Global Initiative for Asthma. Global Strategy for Asthma Management and
Prevention, 2021. Available from www.ginasthma.org. Accessed June 2021.
2. Vos T, Abajobir AA, Abbafati C, et al. Global, regional, and national incidence,
prevalence, and years lived with disability for 328 diseases and injuries for 195
countries, 1990–2016: A systematic analysis for the Global Burden of Disease
Study 2016. Lancet. 2017;390(10100):1211–59. https://doi.org/10.1016/
S0140-6736(17)32154-2.
3. Aït-Khaled N, Odhiambo J, Pearce N, Adjoh KS, et al. Prevalence of symptoms
of asthma, rhinitis and eczema in 13- to 14-year-old children in Africa: The
International Study of Asthma and Allergies in Childhood Phase III. Allergy.
2007;62(3):247–58. https://doi.org/10.1111/j.1398-9995.2007.01325.x.
4. Zar HJ, Ehrlich RI, Workman L, Weinberg EG. The changing prevalence of
asthma from 1995 to 2002. Pediatr Allergy Immunol. 2007;18(7):560–5.
https://doi.org/10.1111/j.1399-3038.2007.00554.x
5. The Global Asthma Report 2018. www.globalasthmareport.org. Accessed
June 2021.
6. Boeschoten S, de Hoog M, Kneyber M, et al. Current practices in children
with severe acute asthma across European PICUs: an ESPNIC survey. Eur J
Pediatr. 2020;179:455–61. https://doi.org/10.1007/s00431-019-03502-9.
7. Le Conte P, Terzi N, Mortamet G, et al. Management of severe asthma
exacerbation: guidelines from the Societe Francaise de Medecine d'Urgence,
the Societe de Reanimation de Langue Francaise and the French Group for
Pediatric Intensive Care and Emergencies. Ann Intensive Care. 2019;9(115):1–
16. https://doi.org/10.1186/s13613-019-0584-x.
8. Medar SS, Peek GJ, Rastogi D. Extracorporeal and advanced therapies for
progressive refractory near-fatal acute severe asthma in children. Pediatr
Pulmonol. 2020;55:1311–9. https://doi.org/10.1002/ppul.24751.
9. Werner AH. Status asthmaticus in children. Chest. 2001;119(6):1913–29.
https://doi.org/10.1378/chest.119.6.1913.

relaxants as soon as possible to avoid associated possible
critical illness myopathy, especially when coupled with
corticosteroids, even though the reported incidence of this in
children is low.15,42
• It is essential to adjust the ventilator settings dynamically,
especially after the lung mechanics improve in response to
treatment.
The complications of ventilation in intubated asthmatic patients
include dislodged ETT, obstructed ETT (mucus plugging),
pneumothorax, haemodynamic compromise and, rarely, myopathy.

CONCLUSION

The prevalence of asthma in South African children is increasing
and they are at particular risk of having more severe symptoms
and higher mortality compared to children in high-income
countries. Whereas poor socio-economic status and a lack of
access to treatment and appropriate care are large contributors,
asthma education about common well-described but lessrecognised symptoms of severity, including ‘acute hysteria’,
and also evidence-based management protocols are essential
to improve outcomes in children with life-threatening asthma,
especially in LMIC countries such as South Africa.
DECLARATION OF CONFLICT OF INTEREST
The authors declare no conflict of interest.
This article has been peer reviewed.

Med J. 2021;111(8):710–3. https://doi.org/10.7196/SAMJ.2021.v111i5.15853.
12. Levin ME, Ansotegui IJ, Bernstein J, et al. Acute asthma management during
SARS-CoV2 pandemic 2020. World Allergy Organ J. 2020;13:100125. https://
doi.org/10.1016/j.waojou.2020.100125.
13. Pavord ID, Beasley R, Agusti A, et al. After asthma: redefining airways
diseases. Lancet. 2018;391(10118):350–400. https://doi.org/10.1016/S01406736(17)30879-6.
14. Powell CVE. Acute severe asthma. J Paediatr Child Health. 2016;52:187-91.
https://doi.org/10.1111/jpc.13075.
15. Newth CJL, Meert KL, Clark AE, et al. Fatal and near-fatal asthma in children:
The critical care perspective. J Pediatr. 2012;161(2):214–21.e3. https://doi.
org/10.1016/j.jpeds.2012.02.041.
16. Goodwin S, Fraser J. PICU Asthma Guideline. Bristol Royal Hospital for
Children. May 2019. http://foi.avon.nhs.uk/. Accessed June 2021.
17. Nievas IFF, Anand KJS. Severe acute asthma exacerbation in children: A
stepwise approach for escalating therapy in a pediatric intensive care unit.
J Pediatr Pharmacol Ther. 2013;18(2):88–104. https://doi.org/10.5863/15516776-18.2.88.
18. Iramain R, Castro-Rodrigues JA, Jara A, et al. Salbutamol and ipratropium
by inhaler is superior to nebulizer in children with severe acute asthma
exacerbation: Randomized clinical trial. Pediatr Pulmonol 2019;54(4):372–7.
https://doi.org/10.1002/ppul.24244.
19. Khine H, Fuchs SM, Saville AL. Continuous vs intermittent nebulized albuterol
for emergency management of asthma. Acad Emerg Med.1996;3:1019–24.
https://doi.org/10.1111/j.1553-2712.1996.tb03346.x.
20. Kenyon CC, Fieldston ES, Luan X, Keren R, Zorc JJ. Safety and effectiveness
of continuous aerosolized albuterol in the non-intensive care setting. Pediatrics.
2014;134:e976–82. https://doi.org/10.1542/peds.2014-0907.

10. Kling S, Zar HJ, Levin ME, et al. Guidelines for the management of acute
asthma in children: 2013 Update. S Afr Med J. 2013;103(3):199–207. https://
doi.org/10.7196/SAMJ.6658.

21. Travers AH, Milan SJ, Jones AP, Camargo CC, Rowe BH. Addition of
intravenous Beta-2-agonists to inhaled beta-2-agonists for asthma. Cochrane
Database Syst Rev. 2012;12:CD010179. https://doi.org/10.1002/14651858.
CD010179.

11. Kling S, White DA. Management of asthma exacerbations in children. S Afr

22. Browne GJ, Trieu L, Van Asperen P. Randomized, double blind, placebo-

Current Allergy & Clinical Immunology Ӏ December 2021 Ӏ Vol 34, No 4

02d Life-threatening asthma.indd 219

219

2021/11/10 09:11

REVIEW ARTICLE
controlled trial of intravenous salbutamol and nebulized ipratropium bromide
in early management of severe acute asthma in children presenting to
an emergency department. Crit Care Med.2002;30:448–53. https://doi.
org/10.1097/00003246-200202000-00030.
23. Griffiths B, Ducharme FM. Combined inhaled anticholinergics and short-acting
beta2-agonists for initial treatment of acute asthma in children. Cochrane
Database Syst Rev. 2013. https://doi.org/10.1002/14651858.CD000060.pub2.
24. Vezina K, Chauhan BF, Ducharme FM. Inhaled anticholinergics and shortacting beta2-agonists versus short-acting beta2-agonists alone for children with
acute asthma in hospital. Cochrane Database Syst Rev. 2014;7:Cd010283.
https://doi.org/10.1002/14651858.CD010283.pub2.
25. Su Z, Li R, Gai Z. Intravenous and nebulized magnesium sulfate for treating
acute asthma in children: a systematic review and meta-analysis. Pediatr Emerg
Care. 2018;34:390–5. https://doi.org/10.1097/PEC.0000000000000909.
26. Torres S, Sticco N, Bosch JJ, et al. Effectiveness of magnesium sulfate
as initial treatment of acute severe asthma in children, conducted in a
tertiary-level university hospital: A randomized, controlled trial. Arch Argent
Pediatr.2012;110:291–6. https://doi.org/10.5546/aap.2012.eng.291.
27. Shan Z, Rong Y, Yang W, et al. Intravenous and nebulized magnesium
sulfate for treating acute asthma in adults and children: a systematic review
and meta-analysis. Respir Med. 2013;107:321–30. https://doi.org/10.1016/j.
rmed.2012.12.001.
28. Singhi S, Grover S, Bansal A, Chopra K. Randomised comparison of
intravenous magnesium sulphate, terbutaline and aminophylline for children
with acute severe asthma. Acta Paediatrica. 2014;103:1301–6. https://doi.
org/10.1111/apa.12780.
29. Knightly R, Milan SJ, Hughes R, Knopp-Sihota JA, et al. Inhaled magnesium
sulfate in the treatment of acute asthma. Cochrane Database Syst Rev.
2017;11(11):CD003898. https://doi.org/10.1002/14651858.CD003898.pub6.
30. Carroll CL, Sala KA. Pediatric status asthmaticus. Crit Care Clin. 2013;29:153–
66. https://doi.org/10.1016/j.ccc.2012.12.001.
31. Watts K, Chavasse RJPG. Leukotriene receptor antagonists in addition to
usual care for acute asthma in adults and children. Cochrane Database Syst
Rev 2012;CD006100. https://doi.org/10.1002/14651858.CD006100.pub2.

220

32. Smith A, Franca UL, McManus ML. Trends in the use of noninvasive and
invasive ventilation for severe asthma. Pediatrics. 2020;146(4):e20200534.
https://doi.org/10.1542/peds.2020-0534.
33. Korang SK, Feinberg J, Wetterslev J, Jakobsen JC. Non-invasive positive
pressure ventilation for acute asthma in children. Cochrane Database Syst
Rev. 2016;9:CD012067. https://doi.org/10.1002/14651858.CD012067.pub2.
34. Milesi C, Boubal M, Jacquot A, et al. High-flow nasal cannula: recommendations
for daily practice in paediatrics. Ann Intensive Care. 2014;4(29):1–7. https://
doi.org/10.1186/s13613-014-0029-5.
35. Salie S. Life-threatening asthma: ventilatory support in paediatric intensive
care. Curr Allergy Clin Immunol. 2016;29(4):236–9.
36. Leatherman J. Mechanical ventilation for severe asthma.
2015;147(6):1671–80. https://doi.org/10.1378/chest.14-1733.

Chest.

37. Hendaus MA, Jomha FA, Alhammadi AH. Is ketamine a lifesaving agent in
childhood acute severe asthma? Ther Clin Risk Manag. 2016;12:273–9.
https://doi.org/10.2147/TCRM.S100389.
38. Laher AE, Buchanan SK. Mechanically ventilating the severe
asthmatic. J Intensive Care Med. 2018;33(9):491–501. https://doi.
org/10.1177/0885066617740079.
39. Lalloo UG, Ainslie GM, Abdool-Gaffar MS, et al. Guideline for the management
of acute asthma in adults: 2013 update. S Afr Med J. 2013;103(3):189–98.
https://doi.org/10.7196/SAMJ.6526.
40. Sarnaik AP, Daphtary KM, Meert KL, Lieh-Lai MW, Heideman SM.
Pressure-controlled ventilation in children with severe status asthmaticus.
Pediatr Crit Care Med. 2004;5(2):133–8. https://doi.org/10.1097/01.
PCC.0000112374.68746.E8.
41. Regli A, Ungern-Sternberg BS. Anesthesia and ventilation strategies in children
with asthma: Part II – intraoperative management. Curr Opin Anesthesiol.
2014;27:295–302. https://doi.org/10.1097/ACO.0000000000000075.
42. Tabarki B, Coffinieres A, Van den Bergh P, et al. Critical illness neuromuscular
disease: clinical, electrophysiological, and prognostic aspects. Arch Dis Child.
2002;86(2):103–7. https://doi.org/10.1136/adc.86.2.103.

Current Allergy & Clinical Immunology Ӏ December 2021 Ӏ Vol 34, No 4

02d Life-threatening asthma.indd 220

2021/11/10 09:11

43

OF ALLERGY

More about the mast cell: Degranulation
Shaunagh Emanuel and Di Hawarden

Mast cells and basophils are key players in allergic disease. We
are familiar with the immunoglobulin E-mediated, immediate,
type 1 hypersensitivity reaction that results in rapid
degranulation of mast cells.

This image depicts antigen cross-linking of IgE on the mast cell
surface with resulting degranulation

• Blending in: Depending on the local conditions in the area
to which they are dispatched they tend to take on slightly
different characteristics and express different receptors. For
instance, fully differentiated mast cells in the lungs do not
respond to all the same antigens as mast cells in the skin
because different receptors are predominantly expressed
on the mast cell surfaces in different organs.
• Similar but different: Basophils and mast cells differ in that
mast cells are bigger, they contain more granules, and they
live longer. Basophils have a lifespan of a few days, whereas
mast cells may live for a few months. Mast cells and
basophils can also be told apart by the types of receptors
present on their surfaces, and by the contents of their
granules, however histamine and leukotrienes are present
in both cell types.
• Armed to the hilt: The granules in the cytoplasm of mast
cells contain an armamentarium of various pre-formed
biologically active substances. These include mast cell
specific proteases like tryptase, biogenic amines like
histamine, non-mast cell proteases, lysosomal enzymes,
cytokines, and proteoglycans. When released from the
cytoplasmic granules, these substances can cause various
physiological effects depending on the setting. Acute

Is this the only mechanism that can cause a mast
cell to degranulate?
Dr Do-a-lot asks her students to make short notes.
• Mast cells and basophils are amazing, ancient cells and
they can be activated in myriad ways.
• Origins and destinations: They start off life in the bone
marrow where they develop from pluripotent stem cells via
the myeloid cell line, along with other granulocytes, as well
as red blood cells and platelets. From there these ‘sentinel
cells’ are dispatched to the mucosal and epithelial tissues
at the far distant borders of the body to play a key role in
the first line of defence against uninvited intruders, thus
forming part of the innate immune system.

The mast cell has several receptors for a variety of molecules
and structures.
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inflammation (with resultant redness, swelling, heat and
pain or itching) is often the clinically evident outcome.
Histamine is a significant player in the inflammatory
response as it is a vasoactive amine that causes dilatation
of small blood vessels, resulting in increased blood flow,
swelling and capillary leakage in the area involved.
• More than one mechanism: We are familiar with the close
relationship that the ‘allergy antibody’, immunoglobulin E
(IgE) has with the mast cell. IgE clips into the high affinity Fc
epsilon receptor present on the surface of the mast cell. If
an individual becomes exposed to an antigen to which they
have become sensitised previously, the antigen attaches to
IgE on the surface of the mast cell causing IgE cross-linking
which results in mast cell degranulation and subsequent
type-1-hypersensitivity that manifests in allergic diseases
including allergic rhinitis, asthma, and certain food allergies.
This mechanism is well described, the clinical presentations
are readily recognisable, and IgE sensitisation is relatively
easy to test for. It would be simple for diagnosticians if this
was the only mechanism by which the mast cell could be
encouraged to empty its pockets, but it is not. To clinically
complicate matters there are several other receptors on
the surface of the mast cell, which makes it possible for
degranulation to occur without the help of IgE or previous

sensitisation. What makes matters even more challenging
is that clinical presentations may be similar regardless
of what gets degranulation going, and testing is limited.
What this means clinically is that the presentation looks
like allergy, but when we do specific IgE allergy testing
we get negative results. These IgE-independent reactions
have been described as ‘pseudo-allergic’, or, when severe,
‘anaphylactoid’. The various mast cell receptors recognise
a wide variety of molecules including drugs like antibiotics
and opioids, insect venoms, hormones, complement,
and pathogens. Immunoglobulin G may activate the mast
cell directly (via the Fc gamma receptor or via IgE), and
this mechanism is thought to be a major factor in the
development of chronic urticaria.
• Finding a cause: Tests currently widely available in routine
clinical practice include specific IgE tests, total IgE, mast cell
tryptase levels and basophil activation tests. Urine histamine
levels and Elisa tests for leukotrienes, C4 and prostaglandins
are relatively specialised investigations.
• Secretive cells: The magnificent mast cell and the brilliant
basophil may be old dogs, but if we are to fully understand
what gets them activated, how this happens and how to test
for the occurrence, it appears that we still have a few new
tricks to learn.
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ABSTRACT

Background: The prevalence of precautionary allergen labelling (PAL) on food products is estimated at 65%, but PAL
is inconsistently applied. Consumers believe that PAL is well regulated, but their knowledge and practice of PAL is
unsound, which is inconsistent with their apparent lack of trust in PAL statements. PAL should be clearly visible, easily
understandable, reliable and precise in indicating ‘real risk’.
Objectives: The primary objective was to determine the knowledge and practice (including adherence) of South African
parents and/or caregivers regarding PAL in managing immune-mediated food allergies in children.
Methods: This study was a descriptive cross-sectional investigation with an analytical component. The study population
consisted of parents and/or caregivers of children (birth to ten years) with an immune-mediated food allergy in South
Africa. An online self-administered questionnaire was the instrument used for data collection.
Results: Of the 140 participants included in the study, 98% were aware that there is a special statement on food
labels indicating food allergens. The majority (84%) considered the phrase ‘contains’ to indicate a real risk of allergen
contamination, 64% for ‘may contain’, 56% for ‘made with the same equipment’ and 40% for ‘made in the same factory’.
Only 29% indicated that they would read the food label every time before using a food product. Non-adherence to the
PAL statement ‘made with the same equipment as (the allergen-containing food)’ was associated with a life-threatening
reaction (p = 0.007) or a visit to an emergency unit (p = 0.033).
Conclusion: This research shows that parents of children with food allergies either do not understand PAL fully or do not
implement PAL statements effectively. It is vital to standardise PAL locally and globally to indicate ‘real risk’ or ‘no risk’ in
order for consumers to recognise best practice in eliminating the risk of being exposed to allergen-containing food products.
Keywords: precautionary allergen labelling, knowledge, management, children, food allergies

INTRODUCTION

T

he prevalence of food allergies among children in developed
and developing countries has increased by almost 2% since
2006, and in 2014 the estimated prevalence was 6–8%.1–4
The data from a recent study revealed that 2–10% of children
worldwide have food allergies. The prevalence of food allergies
in urban South Africa (2.5%) is similar to that of other middleincome countries.5 While medical diagnosis for allergies can be
224

extremely precise, there is no cure for food allergies. Routine
clinical practice is to limit or avoid trigger foods.4,6–9
Caregivers and parents are dependent on safe, accurate and
understandable information about allergens on food labels in
managing their children’s allergies.8 Precautionary allergen
labelling (PAL) is the term used when food may have been
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exposed to an allergen during manufacturing and is labelled
as such.8 Different phrases, for example ‘may contain’ or ‘may
contain traces’, have been used by companies in allergen
labelling.1,2,4 Although legislation on PAL was introduced in South
Africa in 2012, complete transparency remains a challenging
task for manufacturers.2,6
Internationally, it is estimated that 65% of the food industry
uses PAL statements on their products. Even though PAL is
relatively well applied, its application and interpretation are
inconsistent.2,4,6 PAL should provide a clear, precise, reliable and
transparent message. The statement should indicate a ‘real risk’
of the food product containing the allergen.1,6,8,10,11 Consumers
may consider PAL to be well regulated when in fact it is not.
Consumers’ application of their knowledge of PAL also needs
to be improved. Many people believe that a lengthier statement
indicates a lower risk, for example the phrase ‘may contain’ is
considered a greater risk than the statement ‘made in the same
factory’.6,8,10 However, there is no association between the
number of words used and allergen contamination.

TABLE I: DEMOGRAPHIC CHARACTERISTICS OF
THE STUDY SAMPLE
SURVEY PARTICIPANTS: PARENT AND/OR CAREGIVER (n, %)
Relationship to the child

n

%

Mother

131

93.56

Father

6

4.29

Grandmother

2

1.43

Sister

1

0.71

Level of education

n

%

High school

21

15.00

Diploma

26

18.57

Bachelor’s degree

32

22.86

Post-graduate degree

61

43.57

Province

n

%

Eastern Cape

2

1.43

Free State

1

0.71

Gauteng

60

42.86

KwaZulu-Natal

10

7.14

Limpopo

–

–

Mpumalanga

–

–

Northern Cape

–

–

North West

1

0.71

Western Cape

66

47.14

Family history of food allergies

n

%

Yes

74

52.85

This was a descriptive cross-sectional study with an analytical
component. The study population comprised parents and/
or caregivers of children (birth to ten years) with an immunemediated food allergy in South Africa. Allergy clinics, allergy
specialists and dietitians across South Africa were contacted
and asked to participate by advertising the proposed study on
their respective social media sites. In addition, the specialists
and dietitians could email the questionnaire link together with a
cover letter to eligible parents or, upon request, post hard copies
of the questionnaires and consent forms.

No

66

47.48

The instrument for data collection was an online selfadministered questionnaire developed through a web-based
program, SurveyMonkey. The study was voluntary and its
purpose was explained in a consent letter that preceded the
questionnaire. All the data were handled confidentially and no
identifiable participant data were requested. The questionnaire
consisted of five sections: demographic information, severity of
allergies, knowledge of PAL, the practice of PAL and practical
examples. Questions were asked using multiple formats such as
multiple-choice, open-ended and true/false questions.

The inconsistency and overuse of PAL has diminished
its credibility and consequently consumers tend to take
uncalculated risks.6,8,12 The products and statements become too
familiar, making it difficult for consumers to determine whether a
statement is true or a product is safe to consume.4
This study aimed to investigate the knowledge and practice
of South African parents and/or caregivers regarding PAL.
Understanding how South Africans interpret and understand
PAL will contribute to the body of knowledge required to develop
a local and global framework for standardising PAL in the future.

METHODS

The sample size was determined statistically with a precision of
7%, with 95% confidence for the estimates based on the binomial
distribution. In order to ensure content validity, the questionnaire
was sent to experts in the field for evaluation. Face validity

Children (mean, SD)
Age (years)

(4.02; 2.89)

Type of allergy

n

%

Cow’s milk

71

50.71

Eggs

76

54.29

Soy

32

22.86

Wheat		

35

25.00

Peanuts		

76

54.29

Tree nuts		

60

42.86

Fish		

10

7.14

Shellfish		

17

12.14

* Other allergies mentioned were preservatives, colourants, banana, tomato,
specific grains, citrus and mammal products

and the effectiveness of the questionnaire were established
through the pilot study in November 2017. A readability test
was performed on Microsoft Word and a grade level score of
8.0 was obtained. The questionnaire was not modified after
the pilot study, and the results collected in the pilot study were
included in the original data. The study was approved by the
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TABLE II: SEVERITY OF ADVERSE EVENTS COMPARED TO ADHERENCE TO PAL STATEMENTS
Non-adherence to PAL statements
Contains

Child had food reactions in
the past year (n, %)
p-value
Child had a life-threatening
reaction in the past year (n, %)
p-value
Child visited the emergency
unit in the past year due to an
allergic response (n, %)
p-value

1, (0.94)

May
contain

May
contain
traces of

15, (14.15)

27, (25.47)

May be
present
7, (6.60)

Made in
the same
factory
68, (64.15)

Made with
the same
equipment

Not suitable

25, (23.58)

2, (1.89)

0.309

0.831

0.962

0.356

0.530

0.884

0.146

1, (3.45)

4, (13.79)

5, (17.24)

2, (6.90)

15, (51.72)

2, (6.90)

2, (6.90)

0.388

0.993

0.238

0.854

0.084

0.007*

0.217

1, (2.86)

5, (14.29)

7, (20.00)

3, (8.57)

20, (57.14)

4, (11.43)

1, (2.86)

0.485

0.930

0.384

0.821

0.235

0.033*

0.930

Note: The participants could select more than one option for non-adherence to PAL statements.
* p 0.05 = statistically significant

Health Research Ethical Committee of Stellenbosch University
(S17/02/38).

STATISTICAL ANALYSIS

MS Excel was used to capture the data and the data-analysis
system, STATISTICA 13 (TIBCO Software Inc., 2017) was used
to analyse the data. Summary statistics were used to describe
the variables. The distributions of variables were presented in
histograms and/or frequency tables. A 95% confidence interval
was computed for the estimation of unknown means.
The relationships between two continuous variables were
analysed using regression analysis and the strength of the
relationship was measured with the Pearson correlation.
The relationship between nominal variables was investigated
with contingency tables and appropriate chi-square tests. A
p-value of p < 0.05 represented statistical significance in all
hypothesis testing.

RESULTS

A total of 158 participants completed the questionnaire, but
the final sample size consisted of 140 participants. Of the 18
questionnaires that had to be excluded from the study, three
were not included because the participants were clinicians and
not caregivers. A further 15 questionnaires were excluded on
the basis of the participants’ indication that their child was more
than ten years of age. The average completion rate for the
questionnaire was 81%.

DEMOGRAPHIC INFORMATION

The demographic characteristics of survey participants are
presented in Table I.
The mean age of the participants was four years (±2.89) with
minimum and maximum ages of three months and 10.75 years,
respectively. The highest incidence of types of food allergy were
reported for eggs and peanuts (both at 54.29%), followed by
cow’s milk protein (50.71%) and tree nuts (42.86%).
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The participants were questioned on treatment advice, diagnoses
and methods of diagnosis. The majority of the participants
sought treatment advice from a medical doctor (76.43%,
n = 107) or on social media (47.14%, n = 6). Approximately onethird of the participants were seeing a dietitian (29.29%, n = 41)
and 15.71% (n = 22) received advice from a homeopath.
The majority of diagnoses were made by a medical doctor
(92.86%, n = 130). Most diagnoses were made through
symptoms experienced (71.43%, n = 100) or by means of an
IgE blood test (56.42%, n = 79). If self-diagnosed (14.29%,
n = 20), only half of the participants confirmed this with a medical
doctor (n = 10).

SEVERITY OF FOOD ALLERGIES RELATED TO PAL

On average, the study participants indicated that their child had
visited their healthcare professional (HCP) 1.86 times in the
past 12 months. In the study sample 113 children (81.29%) had
experienced a food reaction in the past year. The allergen was
most likely due to exposure to cow’s milk (42.85%, n = 48) or
eggs (29.46%, n = 33). Symptoms most frequently experienced
were hives and itching (53.57%, n = 60), eczema (44.64%,
n = 50) and nasal congestion (40.17%, n = 45). Vomiting was
experienced to a lesser degree (23.21%, n = 26). Thirty-one
participants (22.46%) indicated that their child had experienced
a life-threatening reaction in the past year due to exposure to
peanuts (35.48%, n = 11) or eggs (22.58%, n = 7). Symptoms
reported were consistent with anaphylaxis and included swelling
of the lips, face, tongue and throat (78.12%, n = 5), and difficulty
with breathing (75.0%, n = 24). Thirty-eight participants (28.35%)
had visited the emergency unit in the past 12 months.
In some cases, the food reactions had resulted from parents
being aware of the allergen and trying to avoid it, but failing to
do so (32.09%, n = 43). Some parents indicated that they were
unaware that the food product contained the allergen (29.85%,
n = 40). This could have been due to inconsistent allergen
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labelling. Twenty-three (17.16%) of the children were in the care
of someone else during the allergic episodes and 16 children
(11.94%) reacted to eating a product with a ‘may contain traces’
label that was not adhered to. The severity of the adverse events
was compared to the adherence to PAL statements; the results
are presented in Table II.
A life-threatening reaction (p = 0.007) or a visit to the emergency
unit (p = 0.033) was significantly associated with non-adherence
to the PAL statement ‘made with the same equipment as (the
allergen-containing food)’.
More children had a food reaction, or a life-threatening reaction,
or visited the emergency care unit in the past year when the PAL
statement ‘made in the same factory’ was ignored.

KNOWLEDGE OF PAL

The vast majority of the participants (98%, n = 128) were aware
that there is a special statement indicating food allergies on
food labels and only 56% (n = 74) indicated that their HCP had
discussed allergen labelling with them.
The participants were asked about their understanding of
certain PAL statements. Figure 1 indicates the percentage of
statements that are perceived as being ‘true’. From the findings
(presented in Figure 1), it is clear that participants’ thoughts are
conflicted.
90
80

score and ‘made in a factory’ that uses the allergen received the
lowest real risk score, yet when ignored it had the most episodes
recorded (as seen in Table II).

PRACTICE OF PAL

The results regarding PAL practice, although interesting, were
concerning in that 88.46% (n = 115) and 92.31% (n = 120) of
the participants would read ingredient and allergen information,
respectively; however, none of the participants specified that
they read the labels during food preparation. It is concerning
that the lowest number of participants (29.23%, n = 38) would
read the food label every time before they used a food product.
Furthermore, only one-third of the participants indicated that they
read the label when buying the product for the first time (30.77%,
n = 40), and only 38.46% (n = 50) would read food labels most
of the time when purchasing food. All the participants, however,
indicated that they would teach or had taught their child how to
read food-allergy labels themselves.
Eighty-five participants (65.38%) indicated that they would give
their child a food product with a label ‘made in a factory that uses
(name of allergen)’ and 25.38% (n = 33) that they would give
a food product labelled ‘may contain traces of’. In purchasing
and consumption practice, 23.85% (n = 31) would trust a food
product labelled ‘made with the same equipment’. These three
statements were also considered a ‘lower risk’ of allergen
contamination according to Figure 2. Only 1.53% (n = 2) and
3.06% (n = 4) of parents would give their child a food product
labelled as ‘contains’ or ‘not suitable for allergen sufferers’.
The participants were asked to look at the labels of Product A
and Product B and select which product they would give to a
child with a cow’s milk, soy or peanut allergy, respectively (see
Table III).

70

Percentage (%)

60
50
40
30

TABLE III: PARENTS’ PRACTICAL INTERPRETATION
OF FOOD LABELS

20
10
0

The statement The statement
Egg IS
Egg MIGHT It is SAFE
There is a
only
LOW RISK of
is NOT
PRESENT BE PRESENT to eat
PROTECTS
the USEFUL
the product contamination
manufacturer

■ May contain egg

■ Made in a factory that uses egg

■ May contain traces of egg

Figure 1: Knowledge of PAL

Although they see clearly that egg might be present and that the
product is not safe to consume, they also say that there is a low
risk of contamination and that the statement only protects the
manufacturer.
Figure 2 indicates the perceived difference in risk associated
with PAL statements. The percentage indicates the perceived
‘real risk’ of allergen contamination.
The participants ranked the PAL statements that indicated a
‘real risk’ from highest to lowest. The perception of ‘real risk’
was asked in two different questions in the questionnaire and
the findings of the two questions was the same. The statement
‘made with the same equipment’ received the second lowest risk

PRODUCT A

PRODUCT B

Ingredients: whole-wheat flour
(gluten), vegetable oil (palm
oil), butter (milk), golden syrup,
preservative, whey powder (milk),
raising agent, yeast (soy), emulsifier

Ingredients: wheat flour (gluten),
vegetable oil (palm kernel, palm fruit),
sugar, invert syrup, emulsifier, golden
syrup

Allergens: wheat (gluten), cow’s
milk, soy

Contains: wheat (gluten), barley
(gluten)
May contain: soy

Made in a factory that uses
peanuts and tree nuts

Whereas 114 participants completed the three practical example
questions, only 42% answered all three questions correctly.
There is a clear need for more education about allergen food
labels and PAL statements.
REASONS WHY PARENTS AND/OR CAREGIVERS DO NOT
ADHERE TO PAL
The following reasons were given why the participants did not
adhere to PAL (see Figure 3). Only 15.04% (n = 17) of the
participants indicated that they would not give their child any
food product with a PAL statement. A quarter of the participants
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Figure 2: Perceptions of real risk

indicated that the statements were purely there to protect the
manufacturer (25.66%, n = 29).
When asking the participants for recommendations, most
(83.62%, n = 97) indicated that they would find more specific
information on allergy labelling useful and some (97.41%,
n = 113) believed that labelling should be included in prepackaged foods.

DISCUSSION

This is the first South African study aimed at determining the
knowledge and practice of parents with food-allergic children
regarding PAL. From the results, some clear trends have been
identified. These are discussed in the next section.
PAL STATEMENT: ‘MADE WITH THE SAME EQUIPMENT AS
(THE ALLERGEN-CONTAINING FOOD)’
A life-threatening reaction or a visit to the emergency unit
was significantly associated with non-adherence to the PAL
statement ‘made with the same equipment as (the allergencontaining food)’. But this statement was ranked second to last
in the perception of ‘real risk’, indicating that it may often be
ignored in practice. This supports the evidence that consumers
believe that PAL phrases indicate and reflect a hierarchical
system, which in fact is poorly and inadequately regulated. It has
been found that lengthier phrases are also considered a lower
risk; therefore, the statement ‘made with the same equipment’
is considered a low risk.1,7,10 In the current study, this statement
had contributed to the adverse events, bearing in mind different
levels of severity of allergy. Ultimately, we are faced with the
question: How can we indicate and communicate a ‘real risk’ of
food allergies on a product label?
A similar study among HCPs in Australia found that the statement
‘made with the same equipment’ was viewed as the highest ‘real
risk’ of allergen contamination.13 However, 30–40% of Australian
parents in the study stated that they would ignore this label,
whereas only 30% would ignore the label ‘may contain’.13 It
seems that practices among Australian parents are similar to
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those among South African parents in that they too consider a
shorter PAL phrase as indicating a higher or the highest ‘real
risk’. HCPs, on the other hand, view the same statements
differently. Therefore, clear and concise education is of extreme
importance, but its success depends on a universal, regulated
labelling framework being introduced that indicates ‘real risk’.

KNOWLEDGE AND PRACTICE OF PAL

The key to managing food allergies is education and the strict
avoidance of culprit foods.1,4,6–9 In the current study, 44% of
parents had not received adequate information from their
HCP. In the Australian study, 40% of HCPs regarded PAL as
unimportant.13 This is a matter of concern because at least 40%
of HCPs do not inform parents about the importance of PAL
and at least 40% of parents are misinformed regarding PAL. It
has been shown, though, that food-allergy education improves
parents’ management skills.7 Parents are acutely aware that
they need to avoid allergenic foods, but applying that awareness
of the risks remains challenging. Some children still have an
adverse event despite parents trying to avoid the allergen.
Could it be that parents do not understand PAL? Or is PAL not a
true indication of risk?
The participants’ understanding of PAL was inconsistent and
few could confirm with confidence whether the allergen was
present in the product. Most stated that the allergen ‘might be
present’ and did not consider the product safe to consume, yet
the risk of contamination was regarded as low. Many believed
that the statement served mainly to protect the manufacturer.
This indicates clear confusion in understanding PAL. The study
also indicates that PAL is ignored more often if there has been
no adverse reaction after consumption; this would influence the
trust consumers have in PAL statements.
When we compare their knowledge and understanding of
PAL statements, consumers in this study tended to think that
the statement ‘made in a factory that uses (name of allergen)’
would protect the manufacturer to a greater extent than the ‘may
contain’ or ‘may contain traces of’ statements (see Figure 1).
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I have tried the food product before without an
adverse event
My child's allergies are not that severe

The statement only protects the manufacturer
I do not understand the different wording
on the food product
I do not trust the allergen statement
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Figure 3: Reasons for non-adherence to PAL

Most participants (84%) considered the phrase ‘contains (name
of allergen)’ to indicate a real risk of allergen contamination,
64% for ‘may contain’, 61% for ‘may contain traces’, 56% for
‘made with the same equipment’ and 40% for ‘made in a factory
that uses (name of allergen)’.
The data from this study are similar to those derived from an
investigation conducted by Zurzolo et al (2013) regarding
the reading of food allergen labels.14 In both studies, 30% of
parents would read the labels only the first time they bought a
food product and 30% would read the labels every time. None
of the participants in that study stated that they read allergen
information during food preparation.
This practice is especially concerning to parents whose children
eat outside of the home because parents do not trust the school
system to manage food allergies effectively.7 If the school cook
– who does not necessarily purchase the food – does not read
the labels during food preparation, many PAL warnings could
be overlooked altogether. Similarly, if one parent buys the food
product and another parent cooks it, and if the food product and
labels are not read on both occasions, it could lead to a possible
adverse event due to PAL statements being ignored.
In the current study, 42% of parents answered all three practice
questions regarding the reading of PAL statements correctly,
yet 81% of children had experienced a food reaction in the past
year. This could indicate that knowledge is not always put into
practice and supports the data that decisions are made based
on a self-determined risk assessment.1,8

REASONS FOR POOR ADHERENCE TO PAL

This study revealed that the two primary reasons for not adhering
to PAL are that parents became complacent if their child had
not previously had an adverse reaction to the food product
and that they believed that PAL statements only protected the
manufacturer. This supports data that PAL has increasingly less
credibility and that consumers take an uncalculated risk when
the food product has been tolerated before.6,8
While the term ‘traces’ is often considered ineffective in PAL

labelling, only 25% of participants in this study confirmed that
they would ignore the statement ‘may contain traces of’.6,8,12
The key strength of the study was the 81% completion rate of the
questionnaire. Although possible bias in parents’ self-reporting
may have presented a limitation, this approach was appropriate
in determining knowledge and practice.
Some limitations of the study are that due to the inclusion criteria
(parents with at least a high school education and with children
aged 0–10 years), this study is not representative of the general
South African population. The sample size was calculated as
200 participants, but only 158 participants completed the study,
compromising the precision of the study. Very little literature
on knowledge and practice of PAL is available; however, this
study did some groundwork for future research. Moreover, the
questionnaire was self-developed; it could have been more
effective to use a standardised tool already used in other studies.

CONCLUSION

It is clear that the parents of children with food allergies do
not fully know how to understand and implement PAL and that
these statements are conflicting and confusing. PAL statements
are often ignored, which may contribute to adverse events.
Therefore, if trust in the PAL statements is inadequate, how can
proper adherence be expected?
Bearing in mind that food allergies are experienced to different
degrees of severity, the data may appear to be contradictory.
However, they all point to one thought: the need to standardise
PAL globally to indicate ‘real risk’ or ‘no risk’ in order for consumers
to know and understand the best practice for eliminating the risk
of being exposed to allergen-containing food products.
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ABSTRACT

The principle of autonomy is one of the pillars of the four principles approach to medical ethics. Autonomous patients
should be respected and have the right and the freedom to make their own decisions regarding their healthcare. This
individualistic view of autonomy is particularly prevalent in Western cultures and clinical practice; a relational type of
autonomy prevails in cultures which are communitarian in their approach. Autonomy and shared decision making are
important concepts in managing asthma.
Keywords: autonomy, asthma, management

INTRODUCTION

I

have often reflected on practising allergology in the public
health service, where we have limited flexibility regarding
the medication available to our patients despite our excellent
tertiary service. When counselling patients and caregivers about
the options for treatment, my recommendations are usually
straightforward and mostly paternalistic. This is not necessarily
a bad thing in a paediatric practice where the best interests of
the child, that is, beneficence, are paramount and the patient
is developing autonomy. However, in a private practice where
there are more options, or in an adult asthma practice, to what
extent are shared decision making and respect for the patient’s
autonomy practised?

THE PRINCIPLE OF AUTONOMY

The principle of autonomy is one of the pillars of the four principles
framework (principlism) that is widely used in biomedical
ethics, despite the limitations of this approach. The other three
principles are beneficence (do good), non-maleficence (do
no harm) and justice. Ethical dilemmas frequently result from
conflict between two or more of these principles. The principles
carry equal weight and must be specified and weighed against
each other to determine which carries the stronger obligation..1,2
The word ‘autonomy’ has its origins in Ancient Greece, where
independent city-states governed themselves: autos means
‘self’ and nomos ‘rule’. Subsequently the term was extended to
individuals but understanding of the meaning of the term differs.
Beauchamp and Childress explain it as follows:1
At a minimum, personal autonomy encompasses self-rule
that is free from both controlling interference by others
and limitations that prevent meaningful choice, such as
inadequate understanding. The autonomous individual acts
freely in accordance with a self-chosen plan, analogous to
the way an independent government manages its territories
and sets its policies. In contrast, a person of diminished
autonomy is in some material respect controlled by others

or incapable of deliberating or acting on the basis of his or
her desires and plans. …
Virtually all theories of autonomy view two conditions
as essential for autonomy: liberty (independence from
controlling influences) and agency (capacity for intentional
action).
The principle of respect for autonomy encompasses the
following obligations:1,2
1. Informed consent
2. Truth-telling
3. Confidentiality and respect for the privacy of others
4. Effective communication.
The philosophical foundation of autonomy is
that all persons have intrinsic and unconditional worth, and
therefore, should have the power to make rational decisions
and moral choices, and each should be allowed to exercise
his or her capacity for self-determination.3
The legal view of autonomy relates to the individual’s mental and
cognitive capacity to make an informed decision; for this reason,
legal age is the guiding tenet.4 The problem with legal age is
that it does not take into account that autonomy ranges from no
capacity through developing capacity to full capacity.4 Achieving
capacity varies by time and degree, and it may decrease or
disappear due to injury or disease. Motloba makes the point that
a person’s status or their position in the family may influence
their ability to make decisions for themselves, even if they have
the capacity to do so.4
Autonomous human beings should be respected and have
the right and the freedom to make their own decisions. To be
autonomous, though, patients need to understand their illness
as well as possible, appreciate the treatment options, be able to
weigh the harms and benefits of the options and to understand
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the consequences of decisions. ‘Paternalism’ is the term used
when healthcare professionals make decisions that they believe
are in their patients’ best interests (beneficence) and in so doing
override their autonomy.
The individualistic view of autonomy is particularly prevalent in
Western cultures and clinical practice. Criticism of the principle
of autonomy relates to its narrow application to the individual.
Instead, ‘a broader concept of relational autonomy (shaped
by social relationships and complex determinants such as
gender, ethnicity and culture)’ is proposed.3 In societies with a
‘dominantly communitarian conception of the self’, family and
the broader community should be consulted as part of the
decision making process.5
Informed consent, truth-telling and confidentiality are the
derivatives of the principle of autonomy that constitute important
ethical components of the doctor–patient relationship.1,2

SHARED DECISION MAKING AND PATIENT AUTONOMY

Shared decision making (SDM) occurs when patients and
healthcare providers make decisions jointly regarding the
patient’s healthcare, based on the best available evidence for
the management options and considering the possible benefits
and harms, informed by the patient’s preferences and values.6
The outcomes for patients with long-term health conditions
are improved when they are involved in SDM about their
management.7,8
Research reflects that patients desire to be involved in
healthcare decision-making under routine conditions, but in the
context of serious or life-threatening illness they usually prefer
the healthcare provider to advise the best course of action.
Epstein and Peters9 write:
Both approaches [SDM and patient-centred communication]
assume that patients can articulate preferences based
on stable guiding principles or values. While this may be
true in straightforward situations, in novel, unanticipated,
and emotionally charged situations, preferences may not
be elicited as much as they are constructed – shaped by
how information is presented and by the opinions of family,
friends, and the media.
Rebecca Dresser, a bioethicist, was diagnosed with cancer in
2006. In an essay in the Hastings Center Report, she dealt with
aspects of autonomy and decision-making in cancer:10
Treatment decisions can be very confusing. Fact-based
medical decision-making is not as straightforward as you
might think. We wanted to make informed choices, but
obtaining clear information about risks, potential benefits,
and alternatives was sometimes difficult. Newer treatment
regimens hadn’t been studied much, and our doctors had
different opinions about prognosis, treatment success
rates, and side-effects.
Regarding patient autonomy, she wrote the following:10
Cancer revealed to us the limited scope of patient
autonomy. Before cancer, we were accustomed to having
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a fair amount of control over our lives. That came to an
end with the cancer diagnosis. We couldn’t control whether
cancer treatment would work or how severe its side effects
would be. Much of what happened in the medical setting
was beyond our control, too.
The personal element of patient autonomy presented
challenges, too. Applying our individual preferences to
treatment decision-making wasn’t always simple. Few of us
had confronted medical choices like this before.

SELF-DETERMINATION THEORY, HEALTHCARE AND
AUTONOMY

Self-determination theory (SDT) is a ‘research-based
psychological theory of motivation, personality and well-being’.11
From the viewpoint of SDT, ‘people are optimally motivated and
experience well-being when they satisfy the need for autonomy,
competence and relatedness.’11 Autonomy is fundamental to
having control over one’s life and behaviour and aligns with
one’s values and beliefs.12 SDT research aims to determine
patients’ opinions regarding the amount of support for their
autonomy provided by their doctors.13 In their meta-analysis
Ng et al found that the promotion of patients’ autonomy in the
healthcare domain also improved their mental and physical
health. They concluded that support for patient autonomy in
healthcare is not only an ethical imperative but also a good
approach for promoting patient welfare.13

ASTHMA AND ITS IMPACT ON PATIENT AUTONOMY

Asthma self-management leads to improved outcomes and
reduced hospital admissions.14 To what extent, however, do
asthmatic patients want to be involved in decision making
about their illness and its treatment? Gibson et al reported that
asthmatic patients wanted to be fully informed about their illness,
but they were reluctant to take on a major decision making role
during asthma exacerbations.15
Adams et al used the Asthma Autonomy Preference Index (API)
to determine the preferences for asthma self-management in a
group of Australian adults with moderate-to-severe asthma.16
The API measures preferences for autonomy in decision making
in three clearly defined asthma scenarios: ‘stable disease’, a
‘moderate asthma attack’ and a ‘severe asthma attack’ requiring
admission to an intensive care unit (ICU). A five-point Likerttype scale is used to record responses ranging from ‘the doctor
alone should make the decision’ (5) to ‘the patient alone should
make the decision’ (1). Many of the patients in this study were
from socio-economically disadvantaged groups and required
relatively high-dose medication to control their asthma. The
overall preference of the patients in this study was for the
doctor to make the decisions about their asthma management.
This was statistically significant in the ‘stable’ and ‘severe
exacerbation’ groups compared to the ‘moderate’ group. Most
patients indicated that they were comfortable for the doctor to
make decisions about changing medication, but that they wanted
to decide when to seek medical help. Financial considerations
causing delays in seeking treatment played an important part in
the response to the simulated scenarios.
Severe asthma affects 3–10% of the asthma population, but
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it contributes disproportionately to asthma-related healthcare
costs.17 It also has a negative impact on patients’ employment
opportunities.12 Eassey et al researched the role of autonomy in
29 patients’ experiences of severe asthma, using in-depth semistructured interviews. They identified two main themes from
their research: first, the desire to live an ‘unconstrained’ life and,
second, the preservation of self-identity.12
LIVING AN ‘UNCONSTRAINED’ LIFE
The study participants shared that their asthma affected their
everyday lives and challenged their autonomy. They described
that exercising autonomy regarding their healthcare and
medication was ‘empowering and reassuring’, even when the
outcome was sub-optimal. They appreciated being provided
with choices and having their values and beliefs respected
by their doctors. Relying on healthcare professionals (HCPs)
and not having information regarding their asthma was
experienced as disempowering. Severe asthma exacerbations
were experienced as frightening and affecting their feelings of
control over their disease negatively. The other area where the
participants exercised their autonomy was in trying to preserve
their employment status. For those with severe and unstable
disease, this was not possible.12
PRESERVING SELF-IDENTITY
Some of the patients in the study felt that ‘their identity [was]
embedded within the illness’, leading to ‘psychological
vulnerability and loss of personal control’. For these patients,
self-identity meant being able to ‘maintain valued roles,
preserve their sense of ‘normality’ or, for some, search for a
‘new normality’. As an example, one woman felt that her severe
asthma inhibited her role as a mother, as she was often too sick
to play with her daughters or needed hospitalisation at the time of
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their birthdays. Exercising autonomy led some of the patients to
try to preserve a sense of normality, such as outdoors activities,
by doing things more slowly. Others had to change their lives
because of their illness – such as one man whose father had to
sell the family farm.12

CONCLUSION

As per Dworkin, an autonomous person is one who has ‘a certain
capacity and [is able to] exercise it’.18 Patients need to feel that
they are important agents in managing their illness, that their
views will be heard by their HCPs, that their decision making
will be respected and that they will not be coerced into making
decisions that are against their values and beliefs. HCPs should
also acknowledge the challenges asthmatic patients, especially
those with severe asthma, face in managing their disease.12
According to Eassey et al,12
… autonomy is broader than the conventional concepts in
asthma literature of decision making, information seeking,
symptom management and adherence to treatment.
Participants demonstrated that autonomy was enacted
to maintain their values and beliefs, as well as during the
process of preserving their self-identity.
These aspects of asthma management should be incorporated
together with the biomedical aspects when discussing selfmanagement plans with autonomous patients. Patients need
to feel that they can voice their concerns and ask questions
without being pressurised into decisions with which they are not
comfortable.
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Howdy!!

DR SPUR’S MYSTERY CASE
The Mystery Case of an Allergic
Patient not Responding to Therapy

antibiotics. She should be monitored
for breakthrough infections and, if
severe rhinosinusitis recurs despite
her being on prophylactic antibiotics,
immunoglobulin replacement therapy
should be considered.
Even though her total S pneumoniae
antibody level was within the ‘normal’
Dear Dr Spur
range, it does not exclude antibody
deficiency to specific S pneumoniae
I am treating a 17-year-old girl who suffers from chronic rhinosinusitis. She has had three
serotypes. Measurement of the total
sinus rinses, but her symptoms keep on recurring. When she was little, the GP told the
anti-pneumococcal IgG in a single
family she has inhalant allergies and she has been using antihistamines twice a day with
test that produces a single numeric
a corticosteroid nasal spray ever since. She is treated regularly with a course of antibiotics,
value, without differentiating specific
which appears to relieve her symptoms transiently. I have done an allergy workup; skinantibodies to individual serotypes, is not
prick testing to all the common inhalants were negative. She was also negative for
inhalants on basophil activation testing. In addition, she does not have the typical allergy
always that useful.
symptoms of an itchy, runny nose, itchy eyes, allergic shiners or regular sneezi ng. I am
It is common for patients with SAD
beginning to suspect that something else is the matter with her. I started a brief
to develop an increased antibody
immunologic workup. Her immunoglobulins and IgG sub-classes were all within normal
titre to a limited number of serotypes
limits. Her tetanus antibodies were normal and she had a total Streptococcus pneumoniae
only, whereas antibody levels to most
antibody value of 45 ug/mL, which was within the reference range.
serotypes remain non-protective. Such
Can you please assist with further investigations and recommendations?
a pattern cannot be elucidated by a
test that does not distinguish between
Thank you for your valued opinion
serotypes.
Kind regards
Assessing functional humoral immune
status includes the baseline measureDr AC Bruno
ment of antibodies to tetanus and
Ear Nose and Throat Surgeon
S pneumoniae serotypes. Antibodies to
diphtheria and Haemophilus influenzae
Dear Dr Bruno
type B can also be measured. The patient
Thank you for referring this delightful young lady to my practice. needs to be revaccinated and antibodies repeated 4–6 weeks
Her quality of life is definitely hampered by the recurrent later to assess their functional immune response. Patients
episodes of sinusitis and by her feeling generally unwell. It with a suspected immunodeficiency and normal baseline titres
is important to get to the bottom of this before permanent should also be revaccinated to assess the magnitude of the
response as an x-fold increase.
structural damage occurs.
I requested baseline Streptococcus pneumoniae serotype- Different vaccines are used to test different pathways of the
specific antibodies and subsequently vaccinated her with a immune system. The vaccines recommended for use in patients
polysaccharide vaccine, Pneumovax 23®. I repeated the S older than two years include:
pneumoniae serotype-specific antibodies four weeks later. • 23-valent purified capsular polysaccharide vaccine (PPVShe responded with a twofold increase to only three of
23) Pneumovax 23®:
the serotypes. A diagnosis of a moderate specific antibody
o Assess antibody production to polysaccharide antigens.
deficiency (SAD) was made. I started her on prophylactic
o This tests T-cell-independent responses.
234
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• Tetanus, diphtheria with/without conjugated H influenzae
vaccines:
o Assess antibody production to protein antigens.
o These test T-cell-dependent antibody responses requiring
T- and B-cell cooperation.
This process is called ‘diagnostic vaccination’ and is a safe and
effective way of testing the functional status of the immune
system.
In patients who did not receive Prevenar 13®, the vaccine
response can be interpreted as follows:
• Pneumovax 23® polysaccharide immunisation (PPV) postvaccination titres:
o As many serotypes as possible should be measured.
o Use the same laboratory to assess baseline and followup values, because there is significant variation between
laboratories.
o A S pneumoniae serotype-specific level of 1.3 µg/mL is
considered to be protective following vaccination.
o If the baseline level is > 1.3 µg/mL, a twofold response is
considered to be acceptable.
o In levels well below the protective level, fold is irrelevant,
but a response above the protective level is required.
o A protective response in > 50% of the serotypes in
children < 6 years and a > 70% serotype response in
patients > 6 years is required.
• Tetanus/diphtheria/conjugated H influenzae postvaccination titre:
o A fourfold increase above baseline is considered to be a
normal response. Tetanus toxoid is a very immunogenic
vaccine; therefore, patients not responding to this
protein antigen should be investigated for a more
serious immunodeficiency, including common variable
immunodeficiency and combined immunodeficiency.
In patients suspected of having SAD, there are four response
phenotypes:
• Severe phenotype
o Patients produce protective antibodies to two or fewer
serotypes.
• Moderate response phenotype
o Patients ≥ 6 years respond to at least three serotypes but
< 70% serotypes are protective.
o Patients ≤ 6 years respond to at least three serotypes but
< 50% serotypes are protective.
• Mild response phenotype
o Failure to generate protective titres to multiple serotypes
or failure of a twofold increase in 70% of serotypes in
patients ≥ 6 years.
o Failure to generate protective titres to multiple serotypes
or failure of a twofold increase in 50% of serotypes in
patients ≤ 6 years.
• Memory phenotype
o Patients respond adequately initially, but after six
months protection is not sustained in > 50% of serotypes

in patients < 6 years and in more than 70% of serotypes
in patients > 6 years.
o Therefore, if a normal response is obtained, antibody
levels should be followed up in six months’ time to assess
the extent of the waning of immunity in patients with
continuing infections.
Please note that there is biological variability in patients’
response to polysaccharide vaccination.
SAD is a common primary immunodeficiency disorder of the
humoral immune system (B-lymphocytes) and is defined as
an insufficient antibody response to polysaccharide antigens
in the setting of recurrent infections. Patients have normal
immunoglobulin levels and normal responses to protein
antigens. The diagnosis can be made only in patients two
years and older, because younger children may have delayed
physiological maturation of their T-cell independent antibody
formation. Up to 15% of children with recurrent infections, who
are undergoing immunologic evaluation, are diagnosed with
SAD. SAD may also be diagnosed in adolescents and adults.
In one study, the diagnostic criteria of SAD were met in 12%
of adults with refractory chronic rhinosinusitis. In adolescents
and adults, SAD is less likely to resolve over time; this is in
contrast to children, who often improve after three years.
Patients with SAD have infections that are more frequent,
severe or prolonged, and they may suffer from chronic and
recurrent otitis media, sinusitis, bronchitis or pneumonia.
Fewer than 5% of patients with SAD experience invasive
infections. Patients may present with bronchiectasis or severe
refractory sinusitis, especially adolescents and adults. They
therefore need to be followed up regularly. Pathogens often
identified in patients with SAD include the encapsulated
bacteria Streptococcus pneumonia, H influenzae and Moraxella
catarrhalis. Staphylococcus aureus and respiratory viruses can
also be the presenting pathogens.
It is common for patients with SAD to present with symptoms
resembling atopic diseases, including rhinitis and asthma.
Chronic rhinosinusitis is commonly blamed for allergic
disorders. But there are some helpful hints to distinguishing
between these two possibilities. In patients suffering from a
specific antibody deficiency:
• a purulent nasal discharge occurs often;
• allergy testing is usually negative and allergic triggers cannot
be identified;
• there is an absence of itchy, watery eyes;
• there is infrequent sneezing and itching of the nose;
• there is little improvement with allergy treatment and
allergen avoidance;
• patients have a frequent wet cough as opposed to the
classic dry cough of asthma;
• chest symptoms do not improve with inhaled
bronchodilators;
• improvement with antibiotic treatment is transient.
The management of symptomatic patients with SAD should
include a consideration of antibiotic prophylaxis and
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appropriate antibiotic treatment of any bacterial respiratory
infection. Treatment with high doses of antibiotics for a period
of at least two weeks is often required. Immunoglobulin
replacement is indicated for patients with mild, moderate or

memory phenotypes who experience persistent infections
despite appropriate management.
Kind regards
Dr Spur
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CONTROL
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FOXAIR is indicated in the regular prophylactic treatment
of atopic asthma in children and adults, who have been
stabilised on identical dosages of the components of FOXAIR
given concurrently.6
FOXAIR ACCUHALER is also indicated for the regular
treatment of chronic obstructive pulmonary disease (COPD)
including chronic bronchitis and emphysema.6
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» The dose of inhaled corticosteroid should be reduced to the
lowest dose at which effective control of asthma is maintained6
» Systemic effects may occur, particularly at high doses prescribed
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» Contraindication: hypersensitivity to the active substances or to
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With FOXAIR treatment,
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control remained
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ABSTRACT

Background: Children with X-linked agammaglobulinaemia (XLA) usually present with pneumonia and otitis media
caused by pyogenic bacteria. Rarely, ecthyma gangrenosum (EG), a known cutaneous manifestation of Pseudomonas
septicaemia present in XLA as the first presenting features. We report three cases of EG caused by P. aeruginosa in
previously healthy boys, leading to the diagnosis of XLA. In addition, we provide a brief literature review on those cases
of EG where an underlying XLA was eventually diagnosed.
Methods: Three paediatric cases admitted to the intensive care unit with P. aeruginosa septicaemia associated with
ecthyma gangrenosum were reviewed retrospectively. Laboratory workup consisted of microbiological, haematological
and immunological investigations were analysed.
Results: The ages of the three patients were: one year and six months, three years and five months, and five years and
six months. All patients had septic shock and required mechanical ventilation. P. aeruginosa was isolated in the blood
and/or skin lesions of all patients. Underlying hypogammaglobulinaemia and neutropaenia were detected in all patients.
Treatment consisted of combined antipseudomonal antimicrobial therapy and surgical debridement. All patients survived.
Subsequent B-cell measurement and Brutonʼs tyrosine kinase (BTK) protein and genetic analysis confirmed the diagnosis
of XLA. Twelve other similar reported cases were reviewed and analysed based on their clinical presentation, diagnosis
and treatment.
Conclusion: P. aeruginosa sepsis should be treated as early as possible. The most common risk factor for ecthyma
gangrenosum in XLA patients is neutropaenia. In previously healthy children presenting with EG, immunological evaluation
is important to rule out an underlying immunodeficiency.
Keywords: Ecthyma gangrenosum, Pseudomonas aeruginosa, X-linked agammaglobulinaemia, XLA, neutropaenia

INTRODUCTION

X

-linked agammaglobulinaemia (XLA) also known as
Bruton’s agammaglobulinaemia is a congenital humoral
immunodeficiency caused by mutations in the Bruton’s tyrosine
kinase (BTK) gene.1 The disorder results in the absence of
circulating B-lymphocytes and very low levels of or absent
immunoglobulins.
238

XLA patients have increased susceptibility to pyogenic and
enteroviral infections. XLA manifests typically during infancy
or early childhood with recurrent sinopulmonary infections
due to encapsulated bacteria. Streptococcus pneumoniae and
Haemophilus influenzae are the most common microorganisms
afflicted in this disease.1 Isolated reports of XLA presenting for the
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Figure 1: The progression of skin lesion, which first presented as macules that enlarged
to become elevated papules and vesicles (A). It then evolved into haemorrhagic bullae,
which ruptured, forming a central necrotic ulcer or grey–black Eschar with surrounding
erythema (B)

first time with ecthyma gangrenosum as severe Pseudomonas
septicaemia are seldom described.
Ecthyma gangrenosum (EG) is a rare but distinctive skin
manifestation caused classically by P. aeruginosa infection.2 The
prognosis is usually poor when it involves systemic infection.
We describe three cases of EG caused by P. aeruginosa in
previously healthy children, leading to the diagnosis of XLA. We
also reviewed the relevant literature.

1045 U/L, ALT 492 U/L) with hypoalbuminaemia.
X-ray showed pneumonic changes. He was started
dose IV cefotaxime and cloxacillin, which was later
to ceftazidime and amikacin after blood cultures
aeruginosa .

A chest
on highswitched
grew P.

CASE 1

Ultrasound (US) of lower limbs showed pus collection over the
right lower limbs. A subsequent computed tomography (CT)
scan of the abdomen and pelvis detected an intramuscular right
gluteus maximus abscess. Incision and drainage of the abscess
and wound debridement were performed. Skin swabs and tissue
culture grew P. aeruginosa. A repeat blood culture one month
later still grew P. aeruginosa and a pus swab culture grew S.
aureus. He was discharged after six weeks of antipseudomonal
therapy.

On admission, the child was in compensated shock requiring
multiple fluid boluses, inotropic support and ventilation in the
intensive care unit (ICU). There were multiple necrotic skin
lesions all over his body and limbs, mainly at the lateral right
thigh. Yellowish left ear discharge was seen. Other examination
was normal.

He was subsequently worked up for malignancy and immune
deficiency. HIV serology was negative. Bone marrow (BM)
examination revealed normal cellular marrow with no evidence
of malignancy. BM immunophenotyping showed T-lymphocytes
87%, B-lymphocytes < 1% and natural killer (NK) cells 10%. An
isohemagglutinin test showed depressed anti-A (IgM titre 1 :
4; blood group B Rh+). Peripheral blood lymphocytes showed
absent B-cells (0 × 106/L, 0%) and elevated T-lymphocytes
(5 038 × 106/L, 94%) and low NK-cells (214 × 106/L, 4%). The
levels of immunoglobulin (Ig) G were low 4.92 g/L (5.5–10.0), IgA
1.24 g/L (0.26–0.6) and IgM 0.39 g/L (0.35–0.75) were normal.
The neutrophil oxidative burst assay was normal. Complement
C3 was 0.5 g/L (0.5–0.9) and C4 was 0.26 g/L (0.1–0.4).

A 17-month-old boy, the youngest of three siblings, presented
with one-week history of fever, cough and runny nose
associated with left-ear discharge and multiple skin lesions. He
had frequent cold and ear discharge from four months of age.
He required intravenous (IV) antibiotics for acute otitis media at
age 12 months and acute pharyngitis at 15 months. His parents
were non-consanguineous and two elder sisters were healthy.
There was no family history of underlying immunodeficiencies.

Investigations revealed leukocyte counts 2.1 × 109/L with
absolute neutrophil counts (ANC) of 0.99 × 109/L and absolute
lymphocyte counts (ALC) of 0.61 × 109/L, haemoglobin
8.9 g/L and platelet 180 × 109/L. His renal profile was normal.
Coagulation prolife was deranged (prothrombin time, PT was
24.3 seconds, activated partial thromboplastin time, APTT was
94.5 seconds, and international normalised ratio, INR was 2.09).
A liver-function test showed deranged transaminases (AST

Flow cytometry showed reduced expression of BTK protein in
monocytes. A molecular genetic analysis revealed BTK gene
mutations consistent with the diagnosis of XLA. Three-weekly
intravenous immunoglobulin replacement therapy (IRT) was
commenced.
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CASE 2

A boy of five years and six months presented with fever, vomiting
and diarrhoea for three days, associated with erythematous
rashes over bilateral lower limbs. He had previous admissions at
the age of eight months for acute bronchiolitis and at 18 months
for varicella zoster complicated by staphylococcal toxic-shock
syndrome and right pleural effusion. He was the eldest of three
siblings with two healthy younger sisters. Parents were nonconsanguineous and the family history was unremarkable.
On admission, the child was in septic shock requiring multiple
fluid boluses and triple inotropes. He was subsequently
intubated and ventilated in the ICU. There were generalised
maculopapular skin rashes with some vesicular formation. Over
the ensuing 24 hours, the skin lesions evolved into multiple
haemorrhagic bullae that ruptured, forming a gangrenous ulcer
or central necrotic area with grey–black eschar surrounded by an
erythematous halo (see Figures 1a and 1b). He also developed
left-eye endophthalmitis and left suppurative otitis media.
Laboratory results revealed leukocytes 4.0 × 109/L with ANC
0.96 × 109/L and ALC 0.52 × 109/L, haemoglobin 12.0 g/L and
platelet 160 × 109/L. Both peripheral blood and left ear swab
cultures grew P. aeruginosa sensitive to ceftazidime. Vitreous
fluid culture was negative. His skin samples and left vitreous fluid
were negative for bacteria, varicella zoster and herpes simplex
and cytomegalovirus. Skin biopsy was compatible with ecthyma
gangrenosum. HIV serology was negative. An abdominal US
showed no intra-abdominal abscesses.
He was treated initially with IV ceftriaxone to cover for Neisseria
meningitis and acyclovir for viral encephalitis, which changed
later to ceftazidime and amikacin after the blood culture result
was known. The antibiotics were completed for 28 days.
Owing to severe infection, he was given high-dose intravenous
immunoglobulin (IVIG). Two doses of intravitreal vancomycin
and ceftazidime were introduced into the left eye. Surgical
debridement of the necrotic area was performed. He was
discharged after one month of admission.
Subsequent investigation of his immune system revealed absent
peripheral B-cells (0 × 106/L, 0%), elevated T-lymphocytes (6
575 × 106/L, 82%) and NK-cells (725 × 106/L 18%). Levels of IgG
were low 4.07 g/L (4.3–13.4), IgA 0.53 g/L (0.19–2.2) and IgM
0.45 g/L (0.21–1.8) were normal. Repeat serum immunoglobulin
five weeks after IVIG showed IgG 8.8 g/L, IgA < 0.02 g/L and
IgM 0.38 g/L. Neutrophil oxidative burst assay was normal.
Complement C3 was 0.98 g/L (0.5–0.9) and C4 was 0.27 g/L
(0.1–0.4). A BTK protein assay showed reduced expression of
BTK on monocytes. Genetic analysis revealed a mutation in the
BTK gene, therefore leading to the diagnosis of XLA. He was
then started on four-weekly IRT.

CASE 3

A boy of two years and six months presented with three days
of fever and progressively increasing penile swelling associated
with bluish discoloration of the surrounding skin. At two years
old, he was admitted for prolonged fever due to pneumonia and
left otitis media. He was the youngest child with two healthy
elder sisters and both parents were non-consanguineous. The
family history was unremarkable.

240

Figure 2: Fournier’s gangrene which progressed from an initial
penile swelling

On admission he had septicaemic shock requiring ventilation
in ICU. Physical examination revealed penile swelling with
gangrenous surrounding foreskin. The swelling rapidly
progressed to become a Fournier’s gangrene (see Figure 2).
He also had multiple vesicular skin lesions at the upper limbs,
legs and scalp consistent with ecthyma gangrenosum, and
abscesses over the left proximal thigh and leg.
Investigation results showed leukocytes 2.11 × 109/L with
ANC 0.03 × 109/L and ALC 2.0 × 109/L, haemoglobin 9.7 g/L
and platelet 311 × 109/L. Cultures of pus, tissue and swabs of
necrotic areas were positive for P. aeruginosa. However, the
peripheral blood cultures were negative. He underwent surgical
penile exploration with wound debridement. Incision and
drainage were performed for the left proximal thigh abscess.
Intraoperative findings revealed a gangrenous patch over the
dorsal part of the skin with an oedematous and unhealthy skin.
Treatment was continued with dressing of the skin lesions and
a subsequent split skin graft of the affected penile area. He
received seven days of IV ceftazidime and metronidazole and
14 days of IV clindamycin and imipenem. He was discharged
home after one month of admission.
Immunology workup showed IgG 0.92 g/L (4.3–13.4), but no
reagent available for IgA and IgM at that time. Lymphocyte
enumeration revealed absent B-cells (0 × 106/L, 0%) with
elevated T-lymphocytes (6 079 × 106/L, 76%) and NK-cells
(1 876 × 106/L, 23%). Isohemagglutinin was not done because
his blood type was AB Rh+. Complement C3 was 1.33 g/L (0.5–
0.9) and C4 was 0.34 g/L (0.1–0.4). HIV serology was negative.
A BTK protein assay showed reduced expression of BTK on
monocytes. Molecular test showed a mutated BTK gene. He was
commenced on three-weekly IRT once the XLA was diagnosed.
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TABLE I: CLINICAL, BIOLOGICAL AND THERAPEUTIC DATA OF THE THREE PATIENTS AND SUMMARY OF THE LITERATURE
REVIEW OF ECTHYMA GANGRENOSUM AS PRESENTING CLINICAL FEATURES OF XLA PATIENTS
STUDY, YEAR, AGE,
COUNTRY
GENDER

PRESENTING
SYMPTOMS/
EVIDENCE OF
SHOCK

BLOOD PARAMETERS IMMUNE
PARAMETERS

ISOLATED
Pseudomonas
aeruginosa/
Concurrent other
isolation

ANTIBIOTIC
THERAPY

OUTCOME

1. Present
study, 2021,
Malaysia

Fever x 1 week,
URTI, left ear
discharge, multiple
gangrenous lesions
Shock +

Leukopaenia +
Neutropaenia +
Lymphaopenia +
Thrombocytopaenia–
Anaemia +

Low IgG
Lowish IgM
Normal IgA
No B cells
Absent isohem
Reduced BTK
protein expression
BTK gene mutation

Blood +
Local + (pus,
tissue)
Staph aureus
(blood)

Initially cefotaxime
& cloxacillin.
Changed to
ceftazidime &
amikacin
x 6 weeks

Alive
Discharged after
6 weeks.
3-weekly IVIG

1yr 5mo, male,

2.

5yr 6mo, male

Fever, vomiting,
diarrhoea x 3 days,
erythematous rash
Shock +

Leukopaenia +
Neutropaenia +
Lymphopaenia +
Thrombocytopaenia Anaemia -

Low IgGA
Normal IgM
No B cells
Normal T cells
Reduced BTK
protein expression
BTK gene mutation

Blood +
Local + (skin
lesions)
Ear +
Acinetobacter
baumanii (skin
swab)

Initially
ceftriaxone
& acyclovir.
Changed to
ceftazidime &
amikacin
x 28 days

Alive
Discharged after
1 month.
4-weekly IVIG

3.

2yr 6mo, male

Fever, balanitis
complicated with
Fournier’s gangrene,
vesicular rash
Shock +

Leukopaenia +
Neutropenia +
Lymphopaenia +
Thrombocytopaenia Anaemia +

Low IgG
(IgA/M no reagent)
No B cells
Normal T cells
Reduced BTK
protein expression

Blood Local + (skin
lesions)
Tissue +
Pus +
Proteus mirabilis
(skin swab)

Initially
ceftazidime
& metronidazole
x 7 days.
Changed to
clindamycin &
imipenem
x 14 days

Alive
Discharged after
1 month.
3-weekly IVIG

4.Chusid et
al,15 1987,
United
States

8 mo, male

Fever, vomiting and
skin lesions
Shock +

Leukopaenia +
Neutropaenia +
Lymphopaenia +
Thrombocytopaenia+
CSF pleocytosis +

Low IgGA
Blood: +
Normal IgM
Local: + (skin
B cells undetectable lesions)

Initially ampicillin
& CMC. Changed
to ceftazidime,
tobramycin &
clindamycin
x 24 days

Alive
Monthly IVIG

5.Nussinovitch
et al, 1991,10
Israel

6 mo, male

Fever, vomiting,
bilateral otitis media
and skin lesions
Shock -

Leukopaenia
-Neutropaenia
-Lymphopaenia +
Thrombocytopaenia+
Anaemia +

Low IgGAM
B cells not stated

Blood +
Local + (skin
lesions)

Carbenicillin and
tobramycin

Alive
Monthly IMIG

6.

2½ yo, male

Fever, diarrhoea,
bilateral purulent
otitis media and skin
lesions
Shock +

Leukopaenia +
Neutropaenia NA
Lymphopaenia NA
Thrombocytopaenia+
Anaemia +

Low IgGAM
B cells not stated

Blood +
CSF +
Local + (skin
lesions and ear)

Initially ampicillin
& cloxacillin
(outpatient).
Changed to
ampicillin,
piperacillin &
amikacin

Died 5 hours
after admission

7. Zenonet al,11 28 mo, male
1996, France

Fever and skin
lesions
Shock not stated

Not stated

Low IgGAM
No B cells
No antibody
response to
vaccines
Absent isohem
Normal T cells
Normal LPT

Blood +
Local + (anal
margin and skin
lesions)

Ticarcillin &
gentamicin

Alive

8.

Fever and skin
lesions
Shock +

Not stated

Low IgGAM
No B cells
No antibody
response to
vaccines
Absent isohem
Normal T cells
Normal LPT

Blood +

Ticarcillin &
gentamicin

Alive

24 mo, male

Poliovirus
(rectal swab)
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TABLE I: CONTINUED
STUDY, YEAR, AGE,
COUNTRY
GENDER

9. Almeida
et al,14
2002, Brazil

9 mo, female

10. Baro et al,13 3 mo, male
2004, Spain

PRESENTING
SYMPTOMS/
EVIDENCE OF
SHOCK

BLOOD PARAMETERS IMMUNE
PARAMETERS

ISOLATED
Pseudomonas
aeruginosa/
Concurrent other
isolation

ANTIBIOTIC
THERAPY

OUTCOME

Fever, left otorrhoea
and vulvar necrotic
lesion
Shock +

Leukopaenia +
Neutropaenia +
Lymphopaenia +
Thrombocytopaenia Anaemia +

Low IgG
Normal IgAM
No B cells
Normal T cells

Blood +
Local +
(skin lesions and
surgical sample)

Imipenem,
amikacin and
clindamycin

Alive
Discharged
after 40 days.
Monthly IVIG

Bronchiolitis,
perforated appendix,
and intrahepatic
abscess
Shock +

Leukopaenia Neutropaenia +
Lymphopaenia NA
Thrombocytopaenia NA
Anaemia NA

Low IgGAM
No B cells
Missense mutation
in exon 15 of BTK
gene

Blood +
Local + (skin
lesions)

Broad-spectrum
antibiotics (type
not stated)

Alive
Fistula from
caecum to skin

Citrobacter freundii
(blood) and
Bacteroides fragilis
(blood)

11. Sanford et
al,12 2018,
USA

19 mo, male

Fever with skin
lesions
Shock +

Leukopaenia +
Neutropaenia +
Lymphopaenia +
Thrombocytopaenia NA
Anaemia NA

Low IgGM
Normal IgA
Very low B cells
Hemizygous
pathogenic variant
in BTK gene

Blood Local + (tissue
culture from punch
biopsy)

Vancomycin,
ceftriaxone,
doxycycline &
gentamicin.
Added
meropenem
within 24H

Alive
Discharged
after 5 months

12. Bhardwaj
et al,16 2017,
India

16 mo, male

Fever, cough,
excessive cry while
swallowing food, and
skin lesions
Shock -

Leukopaenia Neutropaenia +
Lymphopaenia +
Thrombocytopaenia Anaemia +
CSF pleocytosis +

Low IgGAM.
No B cells
Normal T cells
Reduced BTK
protein expression

Blood +
Local + (skin)
throat swab +
CSF +
Urine +
Synovial fluid +

Initially
piperacillintazobactam
& gentamicin.
Change to
meropenem &
gentamicin (after
LP) x 6 weeks

Alive
Left hip septic
arthritis on Day
17 of admission.
Discharged after
6 weeks.
4 weekly IVIG

13. MacMahon
et al,17 2016,
Ireland

13 mo, male

Dactylitis,
paronychia and
fever x 2 days
Shock -

Leukopaenia NA
Neutropaenia +
Lymphopaenia NA
Thrombocytopaenia NA
Anaemia NA

Low IgGAM
No B cells
Hemizygous
mutation of BTK
gene

Blood Local + (pus)

Antibiotics (types
was not stated)

Alive
Immunoglobulin
replacement
therapy

14. Yanez et
al,18 2019,
Chile

6 mo, male

Fever and labial
lesions 24 h after
onset
Shock not stated

Leukopaenia Low IgGAM
Neutropaenia +
No B cells
Lymphopaenia NA
Thrombocytopaenia NA
Anaemia NA

Blood Local + (labial
lesions)

Ceftazidime,
amikacin &
cloxacillin

Alive
Monthly IVIG

15. Riccardi,
2019,19 Italy

11 mo, male

Fever, vomiting,
earache, and skin
lesions
Shock not stated

Leukopaenia +
Neutropaenia +
Lymphopaenia +
Thrombocytopaenia Anaemia +
CSF pleocytosis +

Blood +
Local + (skin
lesions)
CSF +

Initially cefixime
x 3 days, then
meropenem &
acyclovir.
Changed to
piperacillintazobactam &
ciprofloxacin x
55 days

Alive
Discharged after
55 days

Low IgGAM
No B cells
Reduced BTK
protein expression
BTK gene mutation

BTK: Bruton tyrosine kinase; CSF: cerebrospinal fluid; CMC: chloramphenicol; isohem: isohemagglutinin; NA: not available; IgGAM: immunoglobulin
G, A and M; IVIG: intravenous immunoglobulin; IMIG: intramuscular immunoglobulin; mo: month-old; yo: year-old; LP: lumbar puncture; LPT: lymphocyte proliferation test; URTI: upper respiratory tract infection; + : present; - : absent
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DISCUSSION

The diagnoses of X-linked agammaglobulinaemia in our patients
were confirmed by deficiency of the IgG isotype in the serum, an
absent number of circulating or peripheral B-lymphocytes and
identification of a pathogenic variant in BTK gene mutations.
All three cases involved males less than six years of age, and
all of them were reported to have systemic involvement with
rapidly deteriorating general condition which required intensive
medical therapy. All had extensive skin involvement with lesions
necessitating surgical debridement of the necrotic tissues.
Although XLA is a genetic disease, clinical manifestations are
not usually observed in the first few months of life, because of
passive protection by maternal antibodies. Typical presenting
infections include sinopulmonary infections, usually caused by
pyogenic or encapsulated bacteria. Chen et al found that lower
respiratory-tract infection was the most common presenting
symptom (77.01%) in patients with XLA, followed by otitis media
(40.23%), nasosinusitis (13.22%), gastrointestinal (18.97%) and
skin infections (8.05%).3 Severe infections were documented
in 33.33% of patients, which include central nervous system
(CNS) infections (19.65%), deep-seated infections (19.8%)
and sepsis (8.67%).3 Gram-negative infections are regarded
as an uncommon presenting feature. However, a recent study
involving 168 XLA patients reported that Pseudomonas spp
were isolated in 10.71% of the cases.4
Generally, P. aeruginosa sepsis is considered as a nosocomial
transmission of opportunistic infection occurring commonly
among immunocompromised or critically ill patients. However,
Zhang et al demonstrated that community-acquired P.
aeruginosa septicaemia can occur in 42% of paediatric cases.5
Although uncommon, in addition to our patients there have
been case reports of previously healthy children presenting with
P. aeruginosa septicaemia and ecthyma gangrenosum, who
were diagnosed subsequently with XLA. Review of the English
literature reports 12 other cases of ecthyma gangrenosum
caused by P. aeruginosa as the first presenting manifestation of
an underlying hypogammaglobulinemia or XLA.6–15 The clinical,
epidemiological and laboratory characteristics of our patients
and the 12 reported cases are presented in Table I.
As seen in our patients, the EG skin lesion usually begins
as painless erythematous macules that rapidly elevate into
oedematous papules. It then evolves to become haemorrhagic
bullae that rupture to form gangrenous/necrotic ulcers with grey–
black eschar surrounded by a characteristic erythematous halo.2
Almost all of the published reports describe the same clinical
manifestation of EG.16 The patients may present with either a
single or multiple lesions. The most commonly affected body
sites include the gluteal and perineal (anogenital) regions (57%),
followed by extremities (30%), trunk (6%) and face (6%).16,17 In
this current review, we found eight out of 15 (53.3%) cases had
perianal/perineal, buttock and gluteal involvement, whereas
involvement of the face, head and neck region were reported in
one patient only (6.7%).9 Other reviews reported that face and
the whole head and neck areas are affected much more often
than is usually thought.2,18
Once EG is clinically suspected, prompt collection of blood,

exudates and swab or biopsy of skin lesions are required to
isolate the potential pathogens responsible for the disease.16
The diagnosis of EG is made by the clinical presentation and
responsible pathogen, P. aeruginosa isolated from the blood
culture (Case 1 and 3) and/or cutaneous lesions (Case 2). If
blood or tissue cultures remain negative, but high clinical
suspicion, a skin biopsy for histological examination and culture
is therefore indicated.17
There are two pathomechanisms of EG, that is, by
hematogenous seeding of the primary infection from the
gastrointestinal, respiratory or urinary tract skin in bacteraemic
patients or by direct inoculation through the skin which may or
may not be followed by bacteria (non-bacteraemic patients).
The presentation of fever, vomiting and diarrhoea followed by
an eruption of multiple lesions – as seen in Case 2 – suggests
hematogenous spread from the gastrointestinal infection. It is
possible that the source of infection in Case 3 who presented
with balanitis was also due to hematogenous spread through
the breach of skin from the necrotic area (Fournier gangrene).
The area subsequently became colonised and superinfected
with hospital-acquired P. aeruginosa and then developed into
ecthyma gangrenosum. Case 1 had an upper respiratory tract
infection (URTI) and otitis media before developing extensive
skin lesions over his body and limbs.
Although Pseudomonas EG is a cutaneous manifestation of a
potentially fatal disease, not all cases have been associated
with septicaemia/bacteraemia. A literature review of 167
patients of all ages affected by EG from 1975 to 2014 found that
in those with P. aeruginosa infection, 58.5% of them had sepsis/
septicaemia/bacteraemia and absence of septicaemia was
detected in 41.5% of the cases.2 Likewise, Wuyts et al found that
59.7% of the affected children had sepsis on presentation.17 Our
present review of the literature shows that ten out of 15 (66.7%)
previously healthy children were diagnosed with septicaemic
EG prior to the diagnosis of XLA.
Multivariate analysis of 136 patients with P. aeruginosa demonstrated
that the risk factors for mortality include severe sepsis/septic shock,
pneumonia, and delay in starting appropriate antipseudomonal
antimicrobial therapy and resistant microorganisms.16 In the
present review, we found that septic shock occurred in two patients
without bacteraemia/septicaemia (negative blood culture); one was
reported by Sanford et al8 and the other one was our Case 3. It is
known that only about half of patients with signs and symptoms of
septic shock have positive results on blood culture.19 Only a few
reports have described patients with ecthyma gangrenosum whose
blood cultures were negative.
One major clinical feature is the presence of neutropaenia in
all of our three cases. An absolute neutrophil count of less than
1 500/mm3 was strongly related to the clinical outcome. This is
in line with the present review which revealed that all patients,
except one case,6 had severe skin lesions and neutropaenia.
Interestingly, we also observed leukopaenia and lymphopaenia
in our patients, but not in other reported cases (except by
Chusid et al11). Approximately 10–27% of XLA patients are
shown to be associated with neutropaenia in relation to the
severity of infections.20 Most published literature reported the
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resolution of neutropaenia after the initiation of IVIg,21 and the
episodes of neutropaenia were no longer documented/observed
after IVIG replacement.20,22 Intriguingly, Kang et al found no
association between neutropaenia and mortality rate in patients
with P. aeruginosa bacteraemia (p = 0.938).23 The aetiology of
neutropaenia in XLA remains unclear. Impaired maturation and
function of neutrophils is demonstrated in a mouse model of XLA.24
Furthermore, in the absence of BTK, human neutrophils had
excessive reactive oxygen species (ROS) production and
increased neutrophil apoptosis resulting in neutropaenia.25
The complete blood-count parameters showed presence of
anaemia in half of the review cases and thrombocytopaenia
in three reported cases.6,11 Basic immunological investigations
are the primary steps in patients presenting with recurrent
infections, especially those with severe infections such as in
these cases. The investigations should include quantification of
lymphocyte sub-sets and immunoglobulin levels (IgG, IgA and
IgM). Identification of hypogammaglobulinemia may warrant
further evaluation with antibody responses to vaccine antigens.
Although the immunoglobulins levels in Case 1 and Case 2 were
not as markedly decreased as observed in most XLA patients, a
slight reduction in IgG level in a young male with severe clinical
presentation should prompt an immediate investigation with
immunophenotyping to assess B-cell numbers. On a different
note, immunoglobulin measurement post IVIG transfusion (such
in Case 2) will not be accurate and reliable if it is measured
less than six months post IVIG.26 Therefore, it is important for
clinicians to always obtain baseline immunoglobulins prior to
IVIG administration.
The mortality rate for Pseudomonas septicaemia in
immunocompromised patients ranges from 38% to 77%,
mainly due to septic shock and multisystem organ failure as
compared to 15% in non-bacteraemic EG patients.27 In order
to reduce mortality, early diagnosis, adequate antibiotic cover
and aggressive therapy such as surgical debridement of
necrotising tissues are important in the management of ecthyma
gangrenosum.16 Prompt administration of an appropriate initial
antimicrobial therapy has been associated with favourable
clinical outcome, especially among critically ill patients
presenting with severe P. aeruginosa infections.28 A combination
of anti-pseudomonal β-lactam (piperacillin-tazobactam,
ceftolozane-tazobactam, ceftazidime, cefepime or carbapenem)
plus a second anti-pseudomonal agent (aminoglycoside or
a fluoroquinolones) is usually the recommended empirical
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antimicrobial therapy for those at risk.28 Depending on the
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hypogammaglobulinemia makes patient’s recovery more
remarkable. Administration of granulocyte colony-stimulant
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CONCLUSION

Ecthyma gangrenosum should be considered in the differential
diagnosis of children presenting with sepsis and skin lesions,
so that appropriate antimicrobial therapy can be instituted early.
Soft-tissue infection with P. aeruginosa can be the first presenting
features of XLA. Checking the immunoglobulin levels in children,
especially boys, presenting with ecthyma gangrenosum is
warranted. Abnormal serum immunoglobulins necessitate
further immunological evaluation by measuring lymphocyte subsets. Early diagnosis and prompt administration of intravenous
immunoglobulin replacement therapy are important measures to
prevent organ comorbidities.
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SARS-COV-2 AND PATIENTS WITH ASTHMA
1. True or false: Asthmatics with comorbidities such as obesity,
hypertension, diabetes and dyslipidaemia who acquire
COVID-19 infection may be at higher risk of requiring
hospitalisation than non-asthmatics with these comorbidities.
2. Which of the following is false?
a. Thick, tenacious and adherent respiratory secretions
have been shown to contribute to prolonged mechanical
ventilation and overall poor outcomes.
b. Antihistamines can potentially increase the viscosity of
airway secretions in patients with COVID-19 pneumonia.
c. Individuals with asthma are more likely to contract
COVID-19.
d. Mortality may be higher among asthmatics that recently
used oral corticosteroids prior to acquiring COVID-19.
3. Choose the CORRECT answer: Regarding the management
of asthma during the COVID-19 pandemic:
a. The use of nebulisation has been shown to markedly
increase the concentration of environmental viruscontaining aerosol.
b. Healthcare workers taking care of patients requiring
nebulisation during the 2002-2003 SARS-CoV-1 outbreak
were at a significantly higher risk of acquiring the infection.
c. Patients should be advised to continue with their
prescribed asthma medications but limit the use of
inhaled corticosteroids.
d. The Global Initiative on Asthma (GINA) recommends that
biologic therapy for asthma and COVID-19 vaccine
should not be given on the same day, to allow adverse
effects of either to be more easily distinguished.
4. Choose the CORRECT answer: Which medications have
been shown to possess antiviral properties on in-vitro studies?
a. Amoxicillin
b. Diazepam
c. Azelastine
d. Adrenaline
e. Ibuprofen

CHRONIC MANAGEMENT OF ASTHMA – A PARADIGM
SHIFT
5. Choose the CORRECT answer: South Africa has an
unacceptability high asthma mortality in the general
population (1.5 per 100 000) with an asthma mortality among
5–35-year-old asthmatics of 18.5 per 100 000. How poorly
do we rank globally?
a. Fourth
b. Sixth
c. Eighth
d. Tenth
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6. Choose the CORRECT answer: The emphasis of the new
GINA guidelines is to achieve ‘asthma control’. What is
meant by this statement?
a. It is defined by the normalisation of lung functions on
spirometry
b. It is defined arbitrarily by the patient-reported reductions
in symptoms
c. It defined by the GINA score or another equivalent
objective score
d. It is defined by the lack of frequent use of inhaler therapy
7. Choose the CORRECT answer: The most significant
changes in the GINA guidelines with the Step 1 therapy is?
a. the use of SABA with an ICS in the mild intermittent
asthmatic
b. the use of ICS/LABA in the mild intermittent asthmatic
c. the use of a LTRA with an ICS in the mild intermittent
asthmatic
d. the use of a LAMA with an ICS in the mild intermittent
asthmatic
8. Choose the CORRECT answer: With regards to difficult to
treat asthmatic patients?
a. anti-TNFα can be used for refractory asthmatics
b. slow-release (SR) theophyllines should be considered
first-line in all patients failing ICS/LABA
c. Bronchial thermoplasty (BT) is a process whereby the
airway are cleaned using a scope to allow patients to
breathe easier
d. Tezepelumab is an upstream biological therapy that has
an effect on two important biomarkers of inflammation in
asthma

LIFE-THREATENING ASTHMA IN CHILDREN: A REVIEW
9. Choose the CORRECT answer: The prevalence of current
asthma symptoms in 13-14 year old South African children is:
a. 0-5%
b. 5-10%
c. 10-15%
d. 18-20%
10. Choose the CORRECT answer: African children with asthma
have more severe symptoms than children in high income
countries. Which of the following is not a contributing factor:
a. Poor socioeconomic status
b. Environmental triggers
c. Failure to thrive
d. Missed diagnosis
11. Choose the CORRECT answer: Which is the first and most
important investigation to perform to diagnose the severity of
a severe acute asthma exacerbation?

CPD QUESTIONNAIRE

a.
b.
c.
d.

Oxygen saturation
Chest X-ray
Arterial blood gas
Peak expiratory flow rate

12. Choose the CORRECT answer: The following clinical signs
are adverse effects of systemic corticosteroids except:
a. Hypertension
b. Acute psychosis
c. Increased risk of myopathy
d. Hypoglycaemia

MANAGEMENT OF CHILDREN WITH FOOD ALLERGIES
IN SOUTH AFRICA: KNOWLEDGE AND PRACTICE OF
PARENTS REGARDING PRECAUTIONARY ALLERGEN
LABELLING – A CROSS-SECTIONAL SURVEY
13. Choose the CORRECT answer: Internationally, the
prevalence of precautionary allergen labelling (PAL) on food
products is estimated as 		 %?
a. 40%
b. 55%
c. 65%
d. 80%
14. Choose the CORRECT answer: In this study, the highest
incidence of types of food allergies were reported for?
a. Eggs and peanuts
b. Milk and eggs
c. Peanuts and milk
d. Only peanuts
15. Choose the CORRECT answer: What percentage (%) of
participants specified that they would read labels during food
preparation?
a. 29.23%
b. 30.77%
c. 38.46%
d. 0%
16. Choose the correct answer: What was the reason for nonadherence to PAL among South African parents/caregivers?.
		
a. Parents believe that PAL statements only protect the
manufacturer
b. Parents have tried the food product before without an

adverse event
c. Parents do not understand or trust the allergen statement
d. All of the above

ETHICS: AUTONOMY IN ASTHMA MANAGEMENT
17. Choose the correct answer: In the principlism framework the
principle that refers to doing good, is:
a. Respect for autonomy
b. Non-maleficence
c. Beneficence
d. Justice
18. Choose the CORRECT answer: Respect for autonomy
encompasses all the following obligations, except:
a. Informed consent
b. Truth-telling
c. Confidentiality and respect for the privacy of others
d. The best outcome for the patient and community
19. Choose the CORRECT answer: Shared decision making
involves the following:
a. The patient and the healthcare provider jointly decide on
a course of treatment
b. The healthcare provider decides on the course of
treatment and informs the patient accordingly
c. The patient and the family decide on the course of
treatment and inform the healthcare provider
d. The family decide on the course of treatment without the
patient’s input and inform the healthcare provider
20. Choose the CORRECT answer: Severe asthma impacts
patient autonomy in all the following ways, except:
a. Inability to maintain steady employment
b. Inability to control severe asthma exacerbations
c. Psychological vulnerability
d. Deciding when to seek medical help
21. Choose the CORRECT answer: According to selfdetermination theory, promotion of patients’ autonomy in the
healthcare domain improves all the following except:
a. Patients’ competence
b. Patients’ mental health
c. Patients’ physical health
d. Asthma outcomes
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