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COMBINATION

An effective combination
of active ingredients to
achieve and maintain
guideline-deﬁned asthma
control in moderate
asthma* 1

CONVENIENT

More patients
prefer the ACCUHALER
inhaler to the
Turbohaler and ﬁnd it
easier to use2

SUSTAINED
CONTROL

Turn down

their symptoms3

b. Evidence of vaccine efficacy and effectiveness
c. Sufficient and reliable vaccine supplies
d. None of the above

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
Important safety information for FOXAIR:6
» Generally well tolerated in adults and children aged 4 to 11 years 5,6
» 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
for long periods*6
» Contraindication: hypersensitivity to the active substances or to
any of the excipients6
*1 year, randomised, double-blind, parallel-group comparison of the eﬃcacy and safety of
ﬂuticasone propionate alone and salmeterol/ﬂuticasone propionate in 3 421 patients with
uncontrolled asthma 1

With FOXAIR treatment,
an estimated 4 out of 5
patients* who achieved
control remained
controlled after
1 year1

BE PROACTIVE. CONTROL ASTHMA3
All adverse events should be reported by calling the Aspen Medical Hotline number or directly to GlaxoSmithKline on +27 11 745 6000.
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12. Choose the correct answer: The following factors regarding
the potential for introducing COVID-19 passports is correct,
except?
a. It is a more restrictive means of COVID-19 preventative
measures than lockdown
b. There could be an earlier return to normal life
c. It could allow opening up of the economy in certain
sectors
d. Both the public and the medical fraternity are divided
about the benefits

OCCUPATIONAL RHINITIS AND ASTHMA DUE TO
LENTIL AND SPLIT PEA ALLERGY IN A FOOD-HANDLER

c. Vacuuming and wet cleaning
d. Spray buffing
e. Stripping and sealing

NON-DISCLOSURE OF HEALTHCARE INFORMATION TO
MINORS
17. Choose the correct answer: A 10-year-old boy with newly
diagnosed acute lymphoblastic leukaemia (ALL) is admitted
to the paediatric oncology service. At this age, he should be
able to:
a. Understand the prognosis of his illness
b. Make treatment decisions on his own
c. Understand the causes and effects of ALL, at the same
comprehension level as an adult
d. He will be unable to participate in any decision making
about his illness

13. Choose the correct answer: Class 3 food allergy usually
affects adults in the workplace and primarily follows:
a. Contact with food allergens through a disrupted skin
barrier
b. Inhalation of aerosolised food allergens
c. Ingestion of food allergens
d. Exposure to cross-reactive allergens in ingested food

18. Choose the correct answer: An argument for non-disclosure
of bad news to patients invokes which of the following ethical
principles?
a. Respect for autonomy
b. Fidelity
c. Non-maleficence
d. Justice

14. Choose the correct answer: Risk factors for occupational
asthma due to legumes in this case study include:
a. Atopy and occupational rhinitis
b. Smoking
c. Gender
d. Genetic factors and family history of allergy

19. Choose the correct answer: An HCP decides to withhold
potentially harmful information from an unstable patient until
the clinical condition stabilises. This is termed:
a. Therapeutic exception
b. Therapeutic misconception
c. Therapeutic exclusion
d. Therapeutic omission

15. Choose the INCORRECT answer:
a. LenC1, LenC2 and LenC3 are important IgE-binding
sites for lentils
b. Cross-reactivity among legumes is an important
consideration in the investigation of occupational food
allergy
c. Thermal processing of lentils and chickpeas may reduce
the number of IgE-binding sites
d. Occupational legume allergy is frequently reported, but
not well understood
16. Choose the correct answer: Appropriate cleaning methods
to reduce the level of aerosolised dust in the workplace
include:
a. Use of compressed air
b. Sweeping and high dusting

20. Choose the correct answer: According to the Children’s Act
No. 38 of 2005, at what age may children consent to medical
treatment, including COVID-19 vaccination?
a. Older than 11 years
b. Older than 12 years
c. Older than 14 years
d. Older than 16 years
21. Choose the correct answer: Which of the following ethical
principles best supports disclosure of a cancer diagnosis
and prognosis to a 12-year-old child?
a. Respect for autonomy
b. Beneficence
c. Non-maleficence
d. Justice
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GUEST EDITORIAL
Many authors have suggested
that one of the most important
contributing factors to the
enhanced survival of the human
population over time has been
the vaccination of children.
You only have to think of polio
and how vaccination spared
generations of that disease.
Naturally, though, improvements
in environmental status, such as
favourable living conditions and
improved quality of life, have also
played an important role in this.

This means that extensive public education is required if the
vaccine is to be widely used, especially among youngsters.
At the heart of the problem, it would seem, is that it has
been such a long time since vaccination was almost a way
of life that today’s parents and families don’t appreciate the
seriousness and efficacy of vaccination as a preventive or
protective measure. Such scepticism is a luxury our citizens
can ill afford amid a pandemic.

Today, as we face a critical infectious disease – COVID-19 –
in the form of a pandemic both globally, on a national scale
and, in our case, a provincial scale, the significant contribution
that vaccines make to controlling and preventing infection has
become a topic uppermost in the minds of both healthcare
professionals and the general public. So important is the
COVID vaccine to human survival that many countries and
corporations will not permit access if people cannot prove that
they have been vaccinated. For this reason, ‘vaccine visas’
have become a commonplace passport of sorts that make
it possible to cross national borders as much as business
thresholds. Accordingly, which vaccine you have received
has become much less of an issue than having had the
vaccination itself. A COVID-19 vaccine now appears to be the
only sure-fire way of preventing severe disease and death
from the virus in citizens of all ages.

Given the proven efficacy of the campaigns to vaccinate vast
numbers of people, this evidence leads us to conclude that,
with a vaccine available to prevent severe disease in both
children and adults, it seems unethical that we should not
vaccinate the entire population.

However, despite the undoubted successes of vaccination
drives in saving lives, we cannot afford to become complacent
or let down our guard: continued adherence to mask-wearing
and social distancing is still required post-vaccination to
ensure we are not infected by any of the strains of the virus.
But these preventive measures have unfortunately now
become the political target of many partisan lobby groups,
including the ‘anti-vaxers’. As a result of misinformation,
disinformation and fake news broadcasts, many adults – and
now also children – continue to succumb unnecessarily to the
disease.
The debate about whether to vaccinate or not to vaccinate
has become even more heated of late as the indications for
children are expanded. Recent polls in the United States,
for instance, suggest that most parents prefer to adopt a
‘wait-and-see’ approach before vaccinating their children.

4
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During the first wave of the pandemic, few children developed
the disease and even fewer required hospitalisation. However,
during the second and third waves children have become
more commonly and more severely affected, to the extent
that death among children is now more common.

All-in-all, and appropriate to this stage in the development
of COVID-19 and its vaccines, this issue is dominated by a
collection of diverse views and topics related to vaccines just
at a time when a new entrant has made its way onto the South
African market.
Appropriately, then, this issue of the journal is dedicated to
‘vaccinology’. First, David Moore tells the story of how vaccines
came into being. Then Cathy van Rooyen, Sylvia van den
Berg et al discuss the currently available vaccines and how
to treat any adverse events. Following this, and reminding us
of the ethics surrounding the administering of the vaccine and
‘taking or not taking the jab’, Prof Charles Feldman provides
readers with an ethical look at the COVID-19 vaccine.
Also in this issue, and bringing us back to the subject of
allergy, Louise Murray and her co-authors provide us with a
review of the diagnosis of allergy using the ISAC protocol.
Finally, Dr Spur makes his regular contribution.
Please go ahead and vaccinate yourself and your family
when this is allowed.
Robin J Green
Department of Paediatrics and Child Health, University of
Pretoria, South Africa
Email: robin.green@up.ac.za
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Review Article

DEVELOPING VACCINES TO COMBAT HUMAN
DISEASES: A HISTORY
David P Moore
Department of Paediatrics and Child Health, Chris Hani Baragwanath Academic Hospital and University of the Witwatersrand,
South Africa
Vaccines and Infectious Diseases Analytics Research Unit, University of the Witwatersrand, South Africa

Email ӏ david.moore@wits.ac.za

ABSTRACT

This article traces the development of vaccines from the early attempts to combat a fatal disease caused by variola
(smallpox) virus in antiquity, through to the highly technical advances which have led to the efficacious vaccines targeting
COVID-19. As vaccine preparation has advanced, so has the understanding of the immune response to immunisation
and the realisation that the use of adjuvants is essential to boosting the immune response. Furthermore, coupling
polysaccharides to proteins is important in achieving vaccine efficacy in young children and older adults. Successful
vaccination programmes have led to marked reductions in mortality associated with the diseases targeted by those
vaccines – and to the unintended consequence of cultural amnesia regarding those diseases. The anti-vaccination
movement has gained traction by riding on this cultural amnesia to capitalise on spurious associations, infrequent publichealth disasters around inadvertent administration of faulty vaccine preparations and rare adverse events to build a case
against vaccination. This tension between the advances in vaccine production and the criticism cast at the pro-vaccination
agenda should be viewed as an agent for growth in the development of safe and effective vaccines, and in the planning
to combat future pandemics.
Keywords: vaccine development, human disease, vaccine history

INTRODUCTION

T

he development of vaccines is motivated by humankind’s
perpetual battle against dread disease. The first vaccines
were developed to protect against infections with high case
fatality rates, including (but not limited to) smallpox, rabies and
tuberculosis.1 The spectrum of illness prevented by vaccines
soon broadened to target the severe diseases of childhood:
diphtheria, measles, pertussis, poliomyelitis (polio), tetanus and
the major bacterial and viral causes of pneumonia, meningitis
and gastroenteritis.1 The first vaccines were crude derivatives
of the pathogens which they targeted, but as the science of
vaccinology developed during the 20th century, highly technical
vaccine development platforms emerged.2 These culminated
in the use of the adenoviral vector-based and mRNA delivery
platforms which have come to the fore during the COVID-19
pandemic.3,4
The World Health Organisation (WHO) established the
Expanded Programme on Immunisation (EPI) in 1974 in a
move which was motivated to reduce dramatically the burden
of morbidity and mortality caused by the major infantile and
paediatric infectious diseases.5 The vaccines contained in the
original EPI schedule included bacillus Calmette-Guérin (BCG),
diphtheria-tetanus-pertussis (DTP), oral polio and measles.6 A
modelling study to evaluate the impact of vaccination against
ten vaccine-preventable diseases in 112 countries in the preCOVID-19 era estimated that routine vaccination activities
6

would have averted 97 million (95% credible interval (CrI), 80
million, 120 million) deaths from 2000 to 2030. Nearly half of
these (50 million deaths; 95% CrI, 41 million, 62 million) were
averted during the period 2000 to 2019.7
The significant public-health impact of vaccination represents
the outcome of innumerable contributions that made incremental
advances on pre-existing scientific knowledge.8 Giant leaps
forward rarely occur in a vacuum: they happen instead as a
result of the accumulation of experience. Trial and error leads
the path of scientific discovery forward.9 Table I summarises the
timeline of vaccine development discussed in this article.

FOUR EARLY VACCINOLOGISTS
JENNER AND SMALLPOX
Edward Jenner (1749–1823) is widely credited as being the
founder of vaccination in the West when in 1796 he inoculated a
boy using vaccinia (cowpox) virus and was able to demonstrate
that this induced protection against smallpox. However, the
inoculation of mild strains of variola (smallpox) virus to protect
against severe disease had been widely practised in Africa,
Asia, the Middle East and Europe for centuries beforehand.10
Jenner’s breakthrough was to use vaccinia (rather than variola)
to prevent smallpox. In doing so, he eliminated the potentially
severe adverse effect of developing smallpox that was a feared
outcome of inoculation with variola virus.10
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TABLE I: TIMELINE OF VACCINE DEVELOPMENT AS EXPLORED IN THIS ARTICLE
YEAR
(COMMON ERA)

MILESTONE

430

Survivors of smallpox nurse those ill with the disease

900

Chinese physicians inoculate smallpox intranasally to strengthen protection against the disease

1701

Chinese practices to protect against smallpox reported to Royal Society in London

1774

Thomas Jetsy inoculates his family with vaccinia

1796

Jenner’s first vaccination

1798

Jenner publishes treatise on vaccination

1881

Pasteur commences rabies virus passage experiments

1885

Pasteur’s first rabies vaccination to a human victim of a dog bite

1921

First trial of the use of BCG vaccine

1926

Gaston Ramon coins the term ‘adjuvant’

1929

Avery and Goebel experiment with conjugate proteins and simple sugars, paving the way for the development of conjugate vaccines

1929

Lübeck Disaster: inadvertent administration of BCG contaminated with Mycobacterium tuberculosis to 251 infants, with follow-up of cohort until 1931

1966

DA Henderson leads the WHO’s Intensified Smallpox Eradication Programme

Late 1960s

Vaccine safety alert in a trial of formalin-inactivated respiratory syncytial virus vaccine

1974

The WHO establishes the EPI

1977

Last case of community-acquired smallpox in Somalia

1978

Last case of smallpox from a laboratory source in the United Kingdom

1980

The WHO declares that smallpox has been eradicated

1980s

Haemophilus influenzae type-b conjugate vaccine seen to engender memory immune responses in children

1996–1998

Pneumococcal conjugate vaccine found to be efficacious in HIV-infected and -uninfected children

1998

Wakefield article linking measles mumps rubella vaccine to autism and inflammatory bowel disease – retracted

1998

Safety signal of rotavirus vaccine and intussusception

2005

Development of dose-limiting adjuvants

2015

The WHO target for measles elimination

2019

Measles resurgence in Europe and the United States

2019

Initial cases of COVID-19 described in China

2020

11 March – the WHO declares the SARS-CoV-2 pandemic

2020

42 days from receipt of the SARS-CoV-2 genome to development of a proof-of-concept mRNA vaccine

2030

WHO target for elimination of human rabies deaths

2035

WHO target for ending the global tuberculosis epidemic

And even Jenner’s approach was not novel, as the widely
publicised case of Benjamin Jetsy – a farmer who vaccinated his
wife and children with vaccinia virus during a smallpox outbreak
in order to protect them – had been reported (and derided) in
1774, two decades before Jenner’s first use of the technique.11
With the shift from ‘inoculation’ (of smallpox) to ‘vaccination’
(with cowpox), the era of safe and effective immunisation came
into being.
Jenner’s approach to the prevention of smallpox gained impetus
in mainstream medical circles subsequent to the publication of
his treatise on the subject in 1798.12 After widespread vaccination
against smallpox wad introduced – using Jenner’s technique –
in the early 1800s, the rate of burials attributable to the disease
in London parishes declined from 10% to less than 5%.13 By
1900, smallpox was rarely encountered in the city.13 Vaccination
programmes were adopted in other countries in the 19th

century, with similar rates of success observed. But smallpox
remained a major source of morbidity and mortality during the
first half of the 20th century, which prompted coordinated efforts
at its eradication.14 These efforts were led by DA Henderson
at the WHO from 1966 in the Intensified Smallpox Eradication
Programme. This programme culminated in the last case of
naturally occurring variola virus infection in Somalia in October
1977,15 and the declaration by the World Health Assembly on 8
May 1980 that the disease had been eradicated.16
PASTEUR AND RABIES
Variola often caused a fatal disease. However, many cases
survived the infection and developed long-lasting immunity.
Victims of rabies are not as fortunate, though: the disease is
invariably fatal even in the modern era, the handful of documented
survivors having devastating neurological sequelae. Louis
Pasteur (1822–1895) developed the first vaccine against rabies,
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and in 1885 administered his preparation to a boy who had been
mauled by a rabid dog.17 Pasteur’s experimental preparation
was developed before the infectious agent causative of rabies
had been identified, through its passage in the neuronal tissues
of rabbits. Pasteur demonstrated the safety of the formaldehydeinactivated preparation in dogs and rabbits that had been
experimentally challenged with rabies in a series of experiments
that commenced in 1881. Therefore, when the opportunity came
to administer the vaccine to a human victim of a bite by a rapid
dog, it was with some trepidation that he administered the series
of doses according to the regimen he had developed to protect
animals against a rabies challenge.18 Although crude, Pasteur’s
preparation was effective; and preparations similar to those
first developed in his laboratory were in use long after newer
vaccines became available.17
Reductions in human rabies cases depend on the widespread
vaccination of animals at risk of becoming infected. The WHO
recommends that vaccination campaigns targeting domestic
dogs should achieve coverage of ≥ 70% for sustained reductions
in the number of human beings at risk for contracting the disease
through exposure to rabid dogs.19 In their systematic review
from 2012, Davlin and VonVille19 demonstrated that the target
coverage of rabies vaccination in domestic dogs was 76.5%
in urban areas and 73.7% in rural areas in low–middle-income
country settings. But their review was limited by a lack of studies
from high-burdened, population-dense countries in Asia (notably
China, India and Pakistan).
The WHO, the World Organisation for Animal Health (formerly
the Office International des Epizooties (OIE)) and the Food
and Agriculture Organisation (FAO) have prioritised rabies as
an example of a ‘One Health’ approach to the achievement
of sustainable improvement in human, animal and wildlife
health. They have done so by optimising existing vaccination
programmes in an effort to eliminate human rabies deaths by
the year 2030.20 Sustained commitment to optimising rabies
vaccination coverage in domestic dog populations in South
Africa led to reductions in the number of human rabies cases
between 1998 and 2014 in KwaZulu-Natal province.21 This
demonstrates that, even in Africa, substantial progress can be
made to contain the disease. If the elimination of rabies is to
be achieved in Africa and globally, there needs to be sustained
motivation and cross-sectoral collaboration, the logistics need
to be strengthened and there must be a steady supply of the
vaccine.21
CALMETTE, GUÉRIN AND TUBERCULOSIS
Albert Calmette (1863–1933) and Camille Guérin (1872–1961)
collaborated on the development of the vaccine which bears
their name, bacillus Calmette-Guérin (BCG), through passage
of Mycobacterium bovis which led to its attenuated virulence.22
BCG was first trialled in human infants in 1921, and has since
been administered to > 4 billion persons, with 120 million
vaccinations per year as part of the WHO EPI.22 Preliminary
experiments with heat-killed or chemically inactivated
Mycobacterium tuberculosis, or sub-units of the pathogen,
had been attempted by Calmette and Guérin. However, these
failed to engender a sufficient immunologic response to protect
against infection with M tuberculosis in animal models.22
8

BCG was originally administered orally, but subsequent
investigators, notably Arvid Wallgren (1889–1973), promoted
the subcutaneous administration of BCG from the late 1920s
onwards.22 Wallgren’s preference for the subcutaneous route
was based on his observation that tuberculin skin test (TST)
conversion was 100% after subcutaneous BCG administration,
but only 40–85% following oral BCG administration.22
Although BCG has saved thousands of lives since it was
first incorporated into the preventive armamentarium for
the promotion of human health,23 it is by no means a perfect
vaccine. BCG effectiveness against latent tuberculosis infection
is 59% (95% confidence interval (CI), 48%, 67%).24 Overall BCG
effectiveness against pulmonary tuberculosis varies from 0% to
80%,25 but the vaccine has substantially greater effectiveness
(85%; 95% CI, 65%, 95%) against the most severe forms of
tuberculosis: miliary tuberculosis and tuberculous meningitis.26
A modelling study published in 2019 indicated that the ideal
time point for administering BCG in high-burden countries is at
birth, where, if 92% coverage could be achieved, 5 449 (95%
uncertainty range, 218–15 071) tuberculosis deaths could be
averted in the birth cohort by age 15 years.27 BCG vaccine
effectiveness wanes over time, but confers protection for at least
ten years.28 The presence of a BCG scar is associated with a
39% (95% CI, 26%, 49%) reduction in mortality compared to
children without a scar, with greater effect on survival if BCG
was administered at birth.29

ACCELERATED VACCINE DISCOVERY IN THE 20TH
CENTURY
The examples set by the development of safe and effective
vaccines against smallpox, rabies and tuberculosis described
above set into motion a robust scientific framework of discovery
in the field of vaccinology that flourished throughout the 20th
century and into the present century. Vaccine development
matured from one dependent on an ‘empirical approach’ of
exposure to live attenuated or killed microorganisms (eg anthrax,
cholera, plague, rabies) to that of the ‘rational design’ of vaccines
which was ushered in with the use of adjuvants (eg alum, MF59,
AS04) to strengthen the host immune response; it matured
further through the development of protein-polysaccharide
vaccines (eg Haemophilus influenzae type-b conjugate vaccine,
13-valent pneumococcal conjugate vaccine) that led ultimately
to molecular approaches.1
ADJUVANTS
Gaston Ramon (1886–1963), a French biologist who developed
a technique of formaldehyde inactivation of diphtheria and
tetanus toxins, coined the term ‘adjuvant’ in 1926.30 Aluminium
salts were the first adjuvants used in vaccine production. They
increase the concentration of antigens delivered by the vaccine
around antigen presenting cells, stimulate dendritic cells and
enhance the release of chemokines, which potentiates the
immune response to vaccines.31 Adjuvants are a vital component
of sub-unit and antigen-based vaccine preparations which of
themselves are not as immunogenic as whole-cell, killed or liveattenuated vaccines.32 Concern has been raised at the potential
long-term consequences of protracted immune activation
to induce autoimmunity or malignancy. However, as these
adverse associations are rare, even proponents of the adjuvant/
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autoimmunity theory agree that the benefit of vaccination far
outweighs this potential risk.33 Aluminium toxicity – a further
potential risk of recurrent exposure to vaccines containing
aluminium salt adjuvants – is another concern.34 But as most
available vaccines contain ≤ 0.5 mg of aluminium per dose, this,
too, should not be considered a limitation to vaccine safety.35
MF59, an oil-in-water emulsion adjuvant, and AS04, a detoxified
derivative of lipopolysaccharide from a strain of Salmonella
minnesota adsorbed onto aluminium hydroxide, are alternative
adjuvant preparations that have been used in the manufacture
of vaccines since the mid-2000s.36,37 Vaccines containing
these adjuvants include the influenza vaccine (MF59), the
hepatitis B vaccine (HBV), the human papilloma virus vaccine
(HPV), candidate vaccines targeting the herpes simplex virus,
respiratory syncytial virus and Epstein-Barr virus (AS04). These
vaccines have been safely administered in vaccine trials and
vaccination campaigns to millions of recipients.36 MF59 is
particularly effective as a dose-limiting adjuvant. It facilitates the
incorporation of smaller amounts of target antigen into vaccine
preparations, increasing the potential number of vaccine doses
that can be produced from a limited supply of antigen.36 The
repertoire of new adjuvant agents is expanding; some of them
have been incorporated into registered vaccine preparations
and demonstrate excellent immunogenicity and safety.37

protein-polysaccharide vaccines.1 In the late 1980s, beginning
with H influenzae type-b, bacterial polysaccharide was
covalently linked to a carrier protein (diphtheria toxoid was the
first such protein used, although the suboptimal immunogenicity
of those vaccines led to the use of CRM197, a nontoxic
derivative of diphtheria toxin). Protein-polysaccharide conjugate
vaccine preparations engendered more robust immunological
responses in young children than polysaccharide vaccines had
done a decade previously.38 Pivotal trials of H influenzae type-b
conjugate vaccine and pneumococcal conjugate vaccine have
been conducted in Africa. The trials show substantial efficacy
against invasive disease caused by these pathogens, even in
HIV-infected and malnourished children.42–44 The African trials
built on evidence from trials which had been conducted in
Britain and the United States.45,46 These trials paved the way
for the WHO to recommend the inclusion of conjugate vaccines
targeting H influenzae type-b and pneumococcus into the
immunisation programmes of lower-middle-income countries
with high infant and child mortality rates.47,48
The epidemiology of disease caused by H influenzae type-b
and pneumococcus has shifted dramatically with up-scaled
access to conjugate vaccines. The disease burden in children
younger than five years of age has declined significantly, from
8.13 million cases of severe disease attributed to H influenzae
type-b in 2000 to 340 000 severe cases in 2015,49,50 and from
14.5 million severe pneumococcal cases in 2000 to 3.7 million
in 2015.50,51 Phase 2 and 3 trials of conjugate vaccines targeting
N meningitidis52 and Salmonella enteritica serovar Typhi 53 have
reported excellent safety profiles, immunogenicity (in the Phase
2 trial of meningococcal conjugate vaccine) and efficacy (in the
Phase 3 trial of conjugate typhoid vaccine) in African children.
They also extend the repertoire of encapsulated pathogens that
are preventable using protein-conjugate vaccination in low–
middle-income countries.

CHALLENGE OF T-CELL-DEPENDENT IMMUNITY IN
INFANTS AND OLDER ADULTS
Polysaccharides are T-cell-independent antigens which bypass
the T-cell response and stimulate memory B-cells to produce
antibody directly upon exposure to the antigenic challenge.1
Polysaccharide vaccines against the encapsulated organisms
Neisseria meningitidis, Streptococcus pneumoniae and
Haemophilus influenzae were trialled in the 1970s. These
vaccines were derived from the structural cell wall of killed bacteria
and were therefore a legacy of the ‘empirical approach’ to vaccine
development. They were found to be efficacious in preventing
invasive disease in adults but not in children under two years
of age.1,38 They also have poor efficacy in immunocompromised
persons,39 and in older adults whose immune systems are
ageing.40 Infants, who are at greatest risk of invasive disease
caused by these pathogens, have naïve immune responses
that are T-cell-dependent: T-helper cells present antigen to
naïve B-cells, which undergo genetic differentiation to produce
immunoglobulins that target specifically the newly encountered
antigen.38 Once these B-cells have been educated to respond
to the antigen in question and are capable of producing specific
antibody, switching from IgM to IgG production occurs. The
B-cells are then archived as memory B-cells which, upon reexposure to the same pathogen, rapidly reactivate to produce
a robust antibody response.38 Similar dependency on T-cellmediated immunological responses have been demonstrated in
older adults. In them, immunological senescence may lead to
suboptimal responsiveness to polysaccharide vaccines; but this
may be overcome by using protein-polysaccharide conjugate
vaccines.40

MOLECULAR APPROACHES TO VACCINE PRODUCTION
Genetic sequencing technology and the elucidation of the
genetic code of pathogens and host have ushered in the
era of ‘reverse vaccinology’.54 The first pathogens to have
been targeted using the reverse vaccinology approach were
N meningitidis serogroup B and Streptococcus agalactiae.55
The Neisseria meningitidis serogroup B had for decades posed
a challenge to vaccine development because of the similarity
of its surface polysaccharides to antigens found in neuronal
tissues of young mammals:56 the challenge with serogroup
B polysaccharide simply did not induce the production of
antibodies that are bactericidal to this pathogen.55 The reverse
vaccinology approach led to three components being identified
that are crucial to the life cycle of the N meningitidis serogroup
B, factor-binding protein, NadA (an adhesion protein) and NHBA
(which combats the bactericidal effects of human serum). These
components, together with the outer membrane vesicle (OMV)
are formulated into a multi-component vaccine that has been
used with good effectiveness in Europe, the United States and
Australia.55

The first study describing the use of the conjugation of proteins
to simple sugars was published in 1929 by Avery and Goebel;41
it was important in paving the way towards the development of

The time from proof-of-concept to licensure and implementation
of new vaccines for programmatic use generally is one or two
decades, but that has changed in the era of bioinformatics and
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reverse vaccinology. The vaccine development pipeline from
first publication of the N meningitidis serogroup B genome to the
licensure of an effective and safe vaccine targeting the organism
took 18 years.55 But threats of pandemic require expedited
delivery of vaccine on a massive scale, as has been illustrated
during the course of the COVID-19 pandemic. It took only 42
days from the time of receipt of the genetic sequence of the
target antigen to the production of an mRNA candidate vaccine
that met the standards for clinical trials on human subjects
during the course of the COVID-19 pandemic.57 By December
2020, the roll-out of the mRNA vaccines targeting SARS-CoV-2
had commenced in the United States under a US Food and Drug
Administration Emergency Use Authorization, and the reach of
vaccination campaigns soon extended internationally (albeit
with limited coverage in lower-middle-income countries).57
mRNA vaccines are delivered to the vaccine in lipid nanoparticle
envelopes that act both as carrier molecules and as adjuvants.
These lipid nanoparticles also prevent the degradation of the
mRNA vaccine sequence by host RNAses.57 At the site of
inoculation, host transcriptases translate the mRNA code into
the target antigen; this is expressed by antigen-presenting cells,
which elicits an adaptive immune response to that antigen.57
By virtue of their design and function, mRNA vaccines deliver
the code for ‘purified antigen’ to the vaccine recipient, who in
turn elaborates the antigen. This focuses the immune response,
which results in high efficacy of protection against the targeted
pathogen.3
VECTOR-BASED VACCINES
Adenoviral vector vaccines represent yet another method of
delivering pathogen-derived antigens to vaccines in order to
elicit an immune response. The adenoviral vector platform has
been used successfully to develop vaccines against Ebola and
SARS-CoV-2 and also in trials targeting Zika and HIV.4 First,
the adenoviral replication genes are removed from the genome.
Then the genetic code for the antigen to be targeted by the host
response is inserted into the modified adenoviral genome.4
Phase 1 and 2 trials of a chimpanzee adenoviral vector Ebola
vaccine conducted in Africa, the United States and Europe
demonstrated acceptable reactogenicity, good immunogenicity
and durable antibody responses directed against the Ebola virus
glycoprotein in adults58–60 and children.61 This serendipitously led
to the vaccine-manufacturing process being optimised ahead of
the COVID-19 pandemic.
In 2020, when the focus shifted from Ebola to COVID-19,
adenoviral vector vaccines targeting SARS-CoV-2 were
implemented rapidly through Phase 1, 2 and 3 clinical trials.
It is these vaccines that have been widely used as part of the
vaccine response to containing the SARS-CoV-2 pandemic.4
Interestingly, the efficacy of the adenoviral vector vaccines
against SARS-CoV-2 is almost invariably lower than the
efficacy reported for mRNA vaccine preparations. However, it
has been demonstrated that receipt of the adenoviral vector
SARS-CoV-2 vaccines has protected individuals against severe
COVID-19.62,63 In a Phase 2 trial of an adenoviral vector SARSCoV-2 vaccine in South Africa, which included HIV-positive
persons who had been on antiretroviral therapy for at least three
months prior to vaccine administration and whose HIV viraemia
10

was suppressed, favourable safety and immunogenicity were
demonstrated. Moreover, more pronounced immunogenicity
was demonstrated in trial participants who displayed evidence
of prior SARS-CoV-2 exposure when they enrolled in the study.64

UNINTENDED CONSEQUENCES OF VACCINE SUCCESS
MONITORING VACCINE SAFETY AND ADVERSE EVENTS
Vaccines have had a marked impact on human health,
with vaccination programmes such as the EPI often being
described as some of the public-health triumphs of the 20th
century.65,66 Randomised controlled trials of the efficacy of
vaccine preparations currently used to prevent human diseases
include strict evaluation of the safety of the trialled vaccine
preparation(s); in addition, available preparations need to pass
the benchmark standard of clinical safety before being endorsed
for widespread use.67 Post-marketing surveillance is essential to
monitoring for vaccine safety signals which may not have come
to light during the randomised controlled trials. Such surveillance
is essential, particularly as the burden of vaccine-preventable
diseases declines and vaccine-adverse events increase relative
to the decline in wild-type infection caused by the pathogen(s)
targeted by the vaccine.67 But surveillance does have the benefit
of a population-wide administration of vaccines and therefore a
large number of vaccine recipients.
The inadvertent co-administration of M tuberculosis in a batch
of BCG vaccine, administered orally to 251 infants in the
German city of Lübeck in 1929, served as a key example of
just how adversely the unregulated administration of vaccine
preparations may affect vaccine recipients.68 In that instance,
173 (68.9%) of the infants developed clinical tuberculosis
and 72 (28.7%) died – causing the severe erosion of public
confidence in the safety of BCG.68 In the 1960s, the use of
formalin-inactivated respiratory syncytial virus vaccine led to
more severe disease and death in vaccine recipients compared
to those who received placebo.69 More recent signals of vaccine
safety have arisen in the late 1990s and early 2000s, including a
higher than expected incidence of intussusception after receipt
of a tetravalent preparation of rotavirus vaccine,70,71 and a
greater risk of disseminated BCG disease in HIV-infected infants
who had not yet accessed antiretroviral therapy.72
The Brighton Collaboration, comprising 500 experts from
57 countries, formulated an approach to the systematised
reporting of adverse events following immunisation in 2004.
This collaboration led to the publication of six case-definition
and guideline documents.67 Case definitions published in 2004
included those for:
• persistent crying;
• fever;
• hypotonic-hyporesponsive episode;
• intussusception;
• nodule at injection site; and
• generalised convulsive disorder following receipt of a vaccine
preparation (see Table II).67
Brighton Collaboration case definitions have been developed
consistently in the intervening period, the repertoire extending
to conditions such as myocarditis/pericarditis, thrombosis
and thrombocytopenia syndrome (TTS) (both of which have
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TABLE II: BRIGHTON COLLABORATION CASE DEFINITIONS92
CATEGORY

YEAR

ADVERSE EVENT

COVID-19related

2021

Multisystem inflammatory syndrome in children and adults (MIS-C/A): immunisation safety data to be presented

2021

Vaccine-associated enhanced disease: immunisation safety data to be presented

2021

Acute respiratory distress syndrome (ARDS) as an adverse event following immunisation: immunisation safety data to be presented

2021

Thrombosis and thrombocytopenia syndrome: immunisation safety data to be presented

2021

Myocarditis and pericarditis: immunisation safety data to be presented

Dermatologic

2007

Rash including mucosal involvement: immunisation safety data to be presented

Fatal

2007

Unexplained sudden death, including sudden infant death syndrome (SIDS), in the first and second years of life: immunisation
safety data to be presented

Gastrointestinal

2006

Acute intussusception in infants and children

2011

Diarrhoea: immunisation safety data to be presented

2012

Viscerotropic disease: immunisation safety data to be presented

Haematologic

2007

Thrombocytopenia: immunisation safety data to be presented

Local reactions

2006

Nodule at injection site

2007

Abscess at injection site: immunisation safety data to be presented

2007

Cellulitis at injection site: immunisation safety data to be presented

2007

Induration at or near injection site: immunisation safety data to be presented

2007

Swelling at or near injection site: immunisation safety data to be presented

2008

A local reaction at or near injection site: immunisation safety data to be presented

2012

Immunisation site pain: immunisation safety data to be presented

Musculoskeletal

2019

Acute aseptic arthritis: immunisation safety data to be presented

Neonatal

2017

Neonatal seizures: immunisation safety data to be presented

2017

Neurodevelopmental delay: immunisation safety data to be presented

2004

Generalised convulsive seizure as an adverse event following immunisation

2007

Aseptic meningitis: immunisation safety data to be presented

2007

Encephalitis, myelitis, and acute disseminated encephalomyelitis (ADEM): immunisation safety data to be presented

2011

Guillain-Barre syndrome and Fisher syndrome: immunisation safety data to be presented

2013

Narcolepsy as an adverse event following immunisation

2017

Facial nerve palsy, including Bell’s palsy: immunisation safety data to be presented

2020

Sensorineural hearing loss (SNHL) as an adverse event following immunisation

2019

Chorioamnionitis: immunisation safety data to be presented

2019

Postpartum endometritis and infection following incomplete or complete abortion: immunisation safety data to be presented

Neurologic

Pregnancy

Respiratory

2019

Acute wheeze in the pediatric population: immunisation safety data to be presented

Systemic reactions

2004

Fever

2004

Hypotonic-hyporesponsive episode

2004

Persistent crying in infants and children

2007

Anaphylaxis: immunisation safety data to be presented

2007

Fatigue: immunisation safety data to be presented

2007

Hypotonic-hyporesponsive episode (HHE) as an adverse event following immunisation in early childhood

2007

Eczema vaccinatum as an adverse event following exposure to vaccinia virus: immunisation safety data to be presented

2007

Generalised vaccinia as an adverse event following exposure to vaccinia virus: immunisation safety data to be presented

2007

Inadvertent inoculation as an adverse event following exposure to vaccinia virus: immunisation safety data to be presented

2007

Progressive vaccinia as an adverse event following exposure to vaccinia virus: immunisation safety data to be presented

2007

Robust take following exposure to vaccinia virus: immunisation safety data to be presented

2016

Kawasaki disease and immunisation

2016

Single-organ cutaneous vasculitis: immunisation safety data to be presented

2016

Systemic lupus erythematosus (SLE): immunisation safety data to be presented

2017

IgA vasculitis (Henoch-Schönlein): immunisation safety data to be presented

2017

Vasculitic peripheral neuropathy: immunisation safety data to be presented

Vaccinia-related

Vasculitis
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gained prominence during the roll-out of the vaccines targeting
SARS-CoV-2) and anaphylaxis (see Table II).73 The Vaccine
Adverse Event Reporting System (VAERS), a United Statesbased passive reporting system for vaccine-adverse events,
established in 1990, is a valuable resource for mapping the
burden of such events. Su et al74 identified 828 vaccineassociated anaphylaxis events reported to VAERS from 1990
through 2016, which constituted 0.2% of the almost 500 000
vaccine-adverse events reported during that period.
The WHO requires all countries and territories to have
infrastructure in place for at least minimal reporting of adverse
events following immunisation (AEFI). It recommends that the
EPI should be responsible for coordinating these reporting
activities. These reporting networks have been implemented
in a growing number of countries between 2010 and 2019,
increasing from 94 (48.5%) to 129 (66.5%) of 194 countries.75
The key indicator of AEFI reporting adequacy is the proportion
of countries reporting ≥ 10 AEFI per 100 000 surviving infants
per year, which increased from 41.2% to 56.2% between 2010
and 2019.75

VACCINE HESITANCY

The lack of familiarity with a disease, subsequent to reductions
in its incidence as a result of widespread vaccination efforts,
may lead to the unintended consequence of scepticism about
the safety of vaccination among medical practitioners and lay
persons. The term ‘cultural amnesia’ has been coined to describe
the way in which populations lose a collective experience of a
disease, for example through reductions in vaccine-preventable
disease prevalence following the widespread introduction of
vaccines targeting that disease.76 Consequently, individuals
opposed to vaccination may cite concerns at the risk–benefit
ratio of vaccination as a major reason for adopting their stance on
the matter.77 In a survey of vaccination hesitancy in all the WHO
Member States from 2014 to 2017, the majority of countries
(181/194, 93.3%) reported vaccine hesitancy in sectors of their
population.77 The example of measles is particularly illustrative
of the effect that vaccine avoidance may have in the dynamics
of disease resurgence.
Prior to the implementation of measles vaccination programmes
in the 1960s, measles was a leading cause of childhood morbidity
and mortality, particularly in low–middle-income countries.78 The
number of deaths attributable to measles declined from 2.0
million per year to 100 000 per year subsequent to the EPI being
optimised,78 and the disease was targeted for elimination in four
of the six WHO regions by 2015.79 The publication of an article
which linked receipt of measles mumps rubella (MMR) vaccine
to childhood inflammatory bowel disease (IBD) and autism led
to a widespread decline in public confidence in the vaccine.80
Although later retracted by the author, the article had a lasting
impact on vaccine uptake in high-income countries. In Scotland,
population-level uptake of the MMR vaccination was affected by
the adverse publicity, with MMR coverage rates declining in preschool-aged children born between 1996 and 2000.81
Measles has since resurged in the United States, Venezuela,
Brazil, Europe and Asia,82 with the United States reporting 22
measles outbreaks and 1 249 cases between January and the end

12

of September 2019 – close-knit, under-vaccinated communities
being particularly hard hit.83 This represented the largest number
of reported measles cases in that country in 27 years.83 The
United States had achieved measles elimination status in 2000,
but in 2020 it was issuing reminders to clinicians and nurses
about how to recognise the disease and treat it optimally.84 In
the United States, measles hospitalisations increased over time
between 2002 and 2016, with 1 018 hospitalisations attributed to
measles reported among more than 96.5 million hospitalisations
during that period: encephalitis occurred almost fortyfold more
frequently in measles-related admissions than in admissions not
associated with measles.85
In France, where measles vaccination has been part of routine
immunisation services since 1983, with suboptimal coverage
of a two-dose measles-containing vaccine schedule, 29 567
measles cases occurred between 2006 and mid-2019.86 The
risk of severe measles was 71% (95% CI, 28%, 88%) lower in
individuals who had received two doses of measles-containing
vaccine within the preceding 15 years compared to those who
had not received a dose of the vaccine.86
In Africa, factors associated with missed measles vaccination
include low maternal education status and the low socioeconomic status of families,87 drought88 and maternal HIV
status.89 However, particularly in affluent sectors of the
community in South Africa, vaccine-hesitancy around the
lingering after effects of the 1998 Lancet paper are still present
– among the most commonly asked questions regarding autism
being: ‘Do vaccines cause autism?’90,91
No formal modelling study has been conducted to quantify to
what extent Wakefield’s Lancet paper80 derailed the progress
towards measles elimination. Vaccine-hesitancy is but one of the
factors probably responsible for the failure to achieve sustained
reductions in measles cases worldwide, but it is one that can be
‘constructively countered’ with a view to attaining the elimination
of measles and its eventual eradication.82

ANTI-VACCINATION MOVEMENT AS A VEHICLE FOR
GROWTH

We have seen tremendous strides being made in the science
of vaccinology in the past decade, and this has been driven by
outbreaks of life-threatening pathogens. What used to take 15
to 20 years to come to fruition (vaccine design through trial and
eventual licensure) can now take less than 12 months. However,
such acceleration in development will lead to inevitable
scepticism, particularly among those members of the public
who tend to adopt a standpoint against routine immunisation
services. The anti-vaccination movement should serve as a
mirror to scientists, researchers and pharmaceutical companies
and act to remind them to maintain transparency in their pursuit
of efficacious, equitable and affordable vaccines intended to
combat the current and future burden of infectious diseases.
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ABSTRACT

Patients rely on healthcare providers as their most credible and frequent source of vaccine information. It is therefore
crucial that healthcare providers are informed and have evidence-based, objective and clear guidance on vaccine efficacy
and specific adverse events following immunisation (AEFI). Reported serious AEFIs are extremely rare for the COVID-19
vaccines. This article discusses the main AEFIs attributed to COVID-19 vaccines, including neurological complications
of Guillain-Barré syndrome (GBS) and acute transverse myelitis (ATM), thrombosis; cardiac complications, including
myocarditis, pericarditis and cardiomyopathy; and allergic reactions such as anaphylaxis, urticaria and skin rashes. The
benefits of COVID-19 vaccination outweigh the risks; however, it is important that healthcare providers are aware of the
risks and know how to recognise and manage them.
Keywords: COVID-19 vaccine, adverse events, Guillain-Barré syndrome (GBS), acute transverse myelitis (ATM),
thrombosis, cardiac complications, myocarditis, pericarditis, cardiomyopathy, vaccine allergy, urticarial, skin rash

INTRODUCTION

V

accines continue to save millions of lives and are
considered among the greatest public health achievements
in the history of medicine. COVID-19 vaccines are following
in their predecessors’ footsteps; and with development at a
breathtaking speed, which has been called a scientific triumph.1
By 28 September 2021, the pandemic had claimed 4 752 988
lives. It has altered the way in which society performs work,
travels, educates and socialises.2 The COVID-19 vaccination
has already been shown to prevent severe COVID-19 disease
and deaths, to protect people with a high work-related risk of
infection, to prevent disease transmission to a large extent, and
ultimately to limit the emergence of new variants.3–10
Many patients who are vaccine-hesitant rely on healthcare
providers as their most credible and frequent source of vaccine
information. It is therefore crucial that healthcare providers
are informed and have evidence-based, objective and clear
guidance to offer on vaccine efficacy and specific adverse
events following immunisation (AEFI).11
By 11 October 2021, 6 364 million vaccine doses had been
administered globally.2 The South African national vaccine
rollout commenced on 17 May 2021, with both the Comirnaty
(Pfizer-BioNTech) vaccine and the COVID-19 Vaccine Janssen.
Since the official national rollout of COVID-19 vaccines, at least
16

19 million South Africans have received their first vaccine; ten
million South Africans are fully vaccinated.12 The South African
Health Products Regulatory Authority (SAHPRA) had received
1 473 reports of AEFIs by 31 July 2021, most of which were mild,
non-serious and already listed in the internationally approved
product information. These reports account for a 0.02% reporting
rate of the almost 7.1 million doses of COVID-19 vaccines
administered in South Africa at that point in time.13,14

ADVERSE EVENTS ASCRIBED TO COVID-19 VACCINES

It is important to distinguish between serious AEFIs and
expected side-effects. Side-effects are usually mild and include
local injection reactions and systemic symptoms such as fevers,
chills, fatigue, myalgia and headache. These are attributed
mainly to an early innate immune response and occur in the first
day or two following vaccine administration. Late local reactions
have been reported, characterised by a well-demarcated area of
erythema appearing at the injection site approximately a week
after mRNA COVID-19 vaccination, with recurrence occurring
in some individuals after repeat vaccination. This is not a
contraindication to vaccination.15,16
Reported serious AEFIs are extremely rare for the COVID-19
vaccines.17,18 Serious AEFIs are defined as those that:
• require hospitalisation or prolong an existing hospitalisation;
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• may be life-threatening;
• result in a congenital anomaly/birth defect; or
• result in death.

to an intensive care unit (ICU) and ventilator support; and
although most patients recover, GBS can result in permanent
paralysis or death.26

Rare serious adverse events have been reported after COVID-19
vaccination; they include, but are not limited to, thrombosis with
thrombocytopenia syndrome (TTS), Guillain-Barré syndrome
(GBS), acute transverse myelitis (ATM), capillary leak syndrome
(Janssen COVID-19 vaccine) and myocarditis (mRNA – PfizerBioNTech and Moderna COVID-19 vaccines). Severe allergic
reactions and anaphylaxis are rarely reported with the mRNA
vaccines and much less frequently with the Janssen viral vector
vaccine. The perceived risk of COVID-19 vaccines triggering
autoimmunity could not be substantiated with robust evidence.19
In this review we discuss briefly some of these AEFIs and the
approach to their diagnosis and management.

Diagnostic criteria for GBS include progressive motor weakness
in at least one extremity, which can range from weakness to
complete paralysis, and areflexia.

NEUROLOGICAL COMPLICATIONS OF COVID-19,
INCLUDING GUILLAIN-BARRÉ SYNDROME AND ACUTE
TRANSVERSE MYELITIS

An increased risk of GBS is reported following the administration
of the Janssen vaccine. The risk of developing GBS after
receiving the Janssen vaccine is reported as 8.1 per million
doses administered and after the Pfizer-BioNTech vaccination
as 1.05 per million doses administered.
In a population of one billion people, it could be expected that
17 000 cases of GBS would occur sporadically per annum,
of which 1 962 would occur in any six-week period. When
considering a more optimistic four-billion-person immunisation
programme conducted over one year, 68 000 cases of GBS
could be expected to occur naturally within this period of time,
irrespective of any vaccination programme. Of these GBS cases,
13 076 would occur in the ten-week window following doubledose vaccination. It is therefore inevitable that thousands of
sporadic cases of GBS caused by other factors will appear to be
associated temporally with COVID-19 vaccination.20,21
Although the available evidence suggests an association
between the Janssen vaccine and increased risk of GBS, it is
still insufficient to establish a causal relationship.22
Cases of GBS, including recurrent cases, are also reported in
the setting of SARS-CoV-2 infection.23,24 The Janssen COVID-19
Vaccine Fact Sheet for Healthcare Providers Administering
Vaccine (Vaccination Providers) has been revised to include
a warning about GBS. The Fact Sheet for Recipients and
Caregivers notes the following: vaccine recipients should seek
medical attention immediately if they develop any of the following
symptoms after receiving the Janssen COVID-19 vaccine. The
symptoms include:
• weakness or tingling sensations, especially in the legs or
arms, that worsens and spreads to other parts of the body;
• difficulty with walking;
• difficulty with facial movements, including speaking, chewing
or swallowing;
• double vision or an inability to move the eyes; or difficulty with
bladder control or bowel function.25
GBS occurs more commonly in males than in females, and the
incidence increases with age. Patients might require admission

A lumbar puncture should be performed in patients with
suspected GBS. Importantly, this procedure is done to exclude
other diagnoses rather than to confirm GBS. A combination of
an elevated protein level and a normal cell count in the CSF
(termed ‘albuminocytological dissociation’) is considered a
hallmark feature of GBS. It is however, not always present; only
64% of patients with GBS have this feature. Nerve conduction
studies (NCS) can help to support the clinical diagnosis of
GBS and discriminate between axonal and demyelinating
subtypes. Ganglioside antibodies should be tested for, because
the results may help to differentiate between the variants of
GBS. Ganglioside antibody tests are commercially available;
unfortunately though, the negative predictive value of ganglioside
antibody tests is low; therefore, a negative test finding does not
exclude GBS as a diagnosis.26
GBS evolves to a nadir typically within four weeks before
improving. Patients need regular neurological monitoring with
assisted ventilation if clinically indicated. Immunotherapy with
either intravenous immune globulin (IVIG) or plasma exchange
(PLEX), is effective for disease-modifying treatment in GBS.
GBS patients need to be on DVT prophylaxis and often need
pain management.27,28
For individuals with a documented history of GBS, adenovirus
vector COVID-19 vaccines should preferably be avoided. If only
an adenovirus vector vaccine is available, the decision should
be individualised and based on that person’s risk for severe
COVID-19 and their GBS history.29
Other neurological adverse events reported after COVID-19
vaccinations include acute transverse myelitis, acute
disseminated encephalomyelitis, post-vaccinal encephalitis and
Bell’s palsy. The temporal relationship between vaccination and
these disorders, together with the absence of clues pointing
to an alternative diagnosis, might suggest a role for an antiSARS-CoV-2 vaccine as a immunological trigger, although a
causal relationship has yet to be established and the preliminary
observations suggest caution.30–35
The findings of investigations suggest the possibility that
autoimmune neurological responses are triggered by the
reactions between anti-SARS-CoV-2 spike protein antibodies
and tissue proteins, and also the interaction between spike
proteins and angiotensin-converting enzyme 2 receptors.34,36

THROMBOSIS ASSOCIATED WITH COVID-19
VACCINATION

Several disorders may be associated with thrombocytopenia and
thrombosis, including antiphospholipid syndrome, thrombotic
thrombocytopenia purpura and some viral diseases (especially
retroviral disease). In February 2021, however, the first reports
of the development of a prothrombotic state presenting with
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COVID vaccine-related events
Thrombosis

Thrombocytopenia
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VITT
VIITP

Thrombosis unrelated
to vaccination

Thrombocytopenia unrelated
to vaccination

Figure 1: Adapted from ‘The SCC platelet immunology register of VITT and VIITP: towards standardisation of laboratory and clinical parameters’41

thrombosis and thrombocytopenia post-COVID-19 vaccination
emerged.37 Initially, it was mostly reported in a small number
of patients who received the ChAdOx1 Cov-19 vaccine
(Astra Zeneca), but subsequently reports emerged of the
same prothrombotic state occurring after vaccination with the
adenoviral vector vaccine, Ad26.COV2.S vaccine38 (Janssen/
Johnson & Johnson). This syndrome is now known as vaccineinduced immune thrombotic thrombocytopenia (VITT) or
vaccine-induced prothrombotic immune thrombocytopenia
(VIPIT). This is a potentially life-threatening disorder and early
detection with appropriate management is necessary.
Reports
of
possible
acquired/immune
thrombotic
thrombocytopenic purpura (aTTP/iTTP) post-vaccination have
also been published. The first report of this different thrombotic
complication was in a patient who received the ChAdOx1 Cov19 vaccine (Astra Zeneca).39 Subsequent reports also followed
after vaccination with the BNT162b2 vaccine (Pfizer).40 Some of
these patients had a history of TTP.
It should be kept in mind that patients may develop both
thrombocytopenia and thrombosis post-vaccination for other
reasons not relating to the vaccination (see Figure 1); and
that not all thrombotic events or thrombocytopenia should be
ascribed to vaccination in the post-vaccination period.
VITT is extremely rare and the true incidence is unknown.
Estimates vary between 1 : 100 000 among patients 50 years
of age or older and at least 1 : 50 000 among patients in the
younger group (< 50 years of age).42 Millions of people have
been vaccinated and although pharmacovigilance should be
thorough, it may be underreported. Females of younger age
(< 60 years old) were reported to be more affected, but this may
be due to in the initial vaccination rollouts, as large numbers
of vaccination were done in young female healthcare workers.
VITT is now being reported in equal numbers in older patients
and males in keeping with vaccines being administered in these
groups.
18

Platelet factor 4 (PF4), a tetrameric, highly positive charged
protein, is normally released from alpha granules in platelets.
In a syndrome similar to VITT, called heparin-induced
thrombocytopenia with thrombosis (HITT), a small number of
patients make antibodies against PF/heparin complexes when
they are given heparin.43 These antibodies bind to PF4 on
platelet surfaces and activate platelets and also neutrophils,
monocytes and endothelial cells, leading to clot formation.
Spontaneous HITT (no heparin exposure) has been described in
medical and post-surgical patients. The same pathophysiology
is present in VITT, although it is unclear whether the vaccine
components form a new epitope with PF4 or, as a result of
negatively charged vaccine components, they cause PF4 to
form higher-order structures with the creation of neoantigens
and the formation of anti-PF4 antibodies.
The interval between vaccination and the thrombotic event is
usually between four and 28 days. The most common affected
vessel sites are the cerebral veins, but thrombosis occurs in
the lower extremities, the pulmonary arteries and splanchnic
vessels. Both arterial and venous thrombosis can occur and
multiple sites may be involved. It is important to remember that,
especially as patients have thrombocytopenia, cerebral venous
sinus thrombosis may present with intracranial bleeding. Patients
may also show minor platelet defect type bleeding (petechiae/
purpura) and, rarely, more serious bleeding.
Patients presenting with thrombosis will routinely have a full blood
count (FBC) done, which in VITT reveals thrombocytopenia.
Careful examination of the blood smear is necessary to exclude
other causes of thrombocytopenia. If previous platelet counts of
the patient are available, comparing the current value with the
patient’s normal baseline count may give an early indication of
the development of thrombocytopenia. D-dimer values are high
(often very high with values > 3.0 mg/L). PT and aPTT are normal
or mildly increased and fibrinogen levels are often low. Anti-PF4
antibodies are positive (ELISA method) and a modified Heparin-
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•
•
•
•
•
•

Possible VITT

Treat with fondaparinux / DOAC

Vaccination with adenoviral-vectored vaccine
(AstraZeneca or Janssen / J&J) in past 4-28 days

Leg pain/ swelling (DVT)
Leg pain, pulseless, pallor, cold (limb ischemia)
Severe, persistent+/- vision change, seizure-like activity (CVT)
Severe persistent abdominal pain, vomiting, new back pain (splanchnic vein thrombosis)
Chest pain and or shortness of breath (Pulmonary embolism)
Focal neurologic findings (stroke)

• Petechiae
• Bleeding (intracranial / mucosal)

Acute thrombosis and
platelets< 150 x109/L

PT, aPTT, D-dimer, Fibrinogen,
PF4 antibodies ELISA
PF4 A/B
Low OD
reading
Modified functional platelet testing

• Thrombotic imaging screening
• Urgent FBC
Urgent D dimer

No thrombosis or platelet
count> 150 x109/L

NOT VITT

And normal D-dimer value

If PF4 ELISA not available and high D-dimer: treat as VITT
PF4 A/8 High OD reading

CONFIRMED VITT

VITT treatment:
• Manage in hospital by physician with experience in HITT
•
•
•
•
•

Therapeutic anticoagulation, avoiding heparin, LMWH, warfarin
I/V immunoglobutin (IVIG)
Avoid platelet transfusion
Steroids if platelets < 50 x109/l
Early plasma exchange if platelets< 30 x109/I after IVIG and steroids

Monitor patient in hospital and post discharge
Recovering platelet count, increasing
fibrinogen and decreasing D-dimer indicate
recovery

Figure 2: Diagnosis and management of VITT. Adapted from the ISTH guideline. (https://academy.isth.org/isth/document_library?dc_
id=9915&f=menu%3D8%2Abrowseby%3D8%2Asortby%3D2%2Alabel%3D19794). In view of the evolving spectrum of the disorder and more
heterogenous presentation, the importance of the triad of thrombosis, thrombocytopenia and high D-dimer is highlighted.44 iTTP: immune/
acquired thrombotic thrombocytopenic purpura; VITT: vaccine-induced immune thrombotic thrombocytopenia; VIITP: vaccine-induced immune
thrombocytopenia.

induced platelet aggregation (HIPA) test (showing hyperreactive platelets in the presence of PF4) may be done (in South
Africa, this test is done only at the Haematology Department of
the University of the Free State). ELISA PF4 testing is available
from many of the laboratories and with a strongly positive ELISA
test functional platelet testing is unnecessary. A high index of
suspicion is necessary and the mnemonic VITT (Warkentin) in
Table I can be handy in this regard.43
Management principles of VITT:45,46
1. Urgent management of patients in hospital by a physician
with knowledge of or experience in managing HITT. After
discharge of patients, follow-up platelet counts should be
done twice weekly for at least 2–3 weeks (recovery of platelet
count if > 150 × 109/L).
2. Therapeutic anticoagulation should be given, unless
contraindicated, while awaiting a confirmatory PF4 ELISA
result. Although many patients’ platelets do not show
hyper-reactivity with heparin in functional testing, heparin
is avoided (including heparin flushes) and fondaparinux is
given. Direct oral anticoagulants (rivaroxaban or apixaban)
have also been given to patients (in South Africa we do not
have other suggested drugs such as argatroban, danaparoid
or bivalirudin). Therapeutic anticoagulation is continued for
three months after platelet count recovery.
3. High-dose intravenous immunoglobulin is given for two days
(1 g/kg).
4. Platelet transfusions should not be given unless critical

bleeding occurs.
5. Cryoprecipitate may be needed for bleeding in a patient with
hypofibrinogenemia.
6. Plasma exchange and immunosuppression are suggested
for refractory VITT.
7. In the setting of vaccines requiring a second dose, the culprit
vaccine should not be re-administered.
Common clinical dilemmas surrounding COVID-19 vaccination
and thrombosis:
1. Patients with a strong family history of thrombosis or a previous
thrombosis should get vaccinated. The pathophysiology
in VITT differs from normal VTE. The risk of thrombosis in
COVID-19 infection is much higher than with vaccination.
2. Patients who are not on an anticoagulant or an antiplatelet
drug, should not start taking these drugs around the time of
vaccination (including aspirin).
3. Patients with a previous history of TTP should be managed
cautiously. In view of recent reports of iTTP, care should be
taken to do ADAMTS13 levels in these patients before and
after vaccination.41 These patients should be managed by
clinical haematologists.

MYOCARDITIS, PERICARDITIS AND CARDIOMYOPATHY
AFTER COVID-19 VACCINATION

Over the past year, there has been a growing international list of
reports of the rare occurrence of myocarditis and/or pericarditis
within the first week after receiving an mRNA COVID-19 vaccine
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TABLE I: VITT MNEMONIC43
Vaccination done
Interval four to 28 days between vaccination and thrombosis/
thrombocytopenia
Thrombotic event (venous/arterial)
Thrombocytopenia (< 150 × 109/L or 50% decrease in baseline platelet count)

– usually after the second dose. The reports were mainly of male
patients, particularly young adults and adolescents.47 According
to the data in the US Vaccine Adverse Events Reporting System
(VAERS), in persons 12–29 years of age approximately 40.6
cases of myocarditis occurred per million second doses of
mRNA COVID-19 vaccines among males. In contrast, 4.2 cases
occurred per million second doses among females in the same
age group. For persons over 30 years of age, the reporting
rates were 2.4 and 1.0 per million second doses respectively for
males and females. The vast majority of cases were mild and
the patients recovered quickly.48,49
The risk of developing myocarditis is 18 times greater in the
12–29 age group following natural infection with SARS-CoV-2
– a much more significant risk than is observed following
vaccination.50
Myocarditis may present with chest pain, dyspnoea, palpitations
or syncope. Infants and children < 12 years may present with
irritability, vomiting, poor feeding, tachypnoea or lethargy.51 Other
causes of myocarditis should also be considered and excluded
as part of the differential diagnosis, such as infection (including
SARS-CoV-2 infection), existing autoimmune conditions or
ischaemic disease.
Biomarkers of cardiac injury may be elevated in patients with
acute myocarditis and may help to confirm the diagnosis.
Troponin I has high specificity (89%) but limited sensitivity
(34%) in the diagnosis of myocarditis. Increased levels of
cardiac troponin I are more common than increased levels of
creatine kinase MB in acute myocarditis. Patients may have
abnormal findings on electrocardiogram, echocardiogram or
cardiac magnetic resonance imaging.51 Cardiac diagnoses
made post-COVID-19 vaccine require urgent specialist clinical
management. The mainstay of treatment is supportive therapy
that may include the use of nonsteroidal anti-inflammatory
drugs, the occasional use of intravenous immune globulin,
glucocorticoids when clinically indicated, and the use of targeted
cardiac medications or interventions as required.47 Patients
who developed myocarditis post-COVID-19 vaccination mostly
experienced the resolution of their symptoms with conservative
management. Exercise restriction is recommended until the
heart recovers.48
For individuals who develop myocarditis or pericarditis following
a first dose of an mRNA vaccine, the second dose should
be deferred. If the risk for severe COVID-19 is high due to
underlying comorbidities, it is reasonable for such an individual
to choose to receive a second dose once the episode has
completely resolved. SAHPRA approved the Pfizer-BioNTech
mRNA vaccine, Comirnaty, for individuals 12–17 years, and
20

vaccination commenced on 20 October 2021. The Medical
Advisory Committee recommended the delay in administering
the second dose in this age group due to concerns about rare
cases of myocarditis while studies are ongoing.52,53
Individuals with a history of resolved myocarditis or pericarditis
unrelated to COVID-19 vaccination can receive an mRNA
vaccine.54

ALLERGIC REACTIONS TO COVID-19 VACCINES

An increase in vaccine-associated anaphylaxis was reported
during the early stages of the rollout of mRNA vaccines in
Europe and the United States. An estimate of 2.5–11.1 cases
of anaphylaxis per million doses has been reported from recent
surveillance data.55 The reported anaphylaxis rate in response
to adenoviral vector vaccines has been fewer than 0.5 cases
per million, which is similar to the anaphylaxis rate in response
to other viral vaccines currently in use.58 No fatal cases of
anaphylaxis have yet been reported to COVID-19 vaccines.
The approach to patients with a history of, or a high risk for,
anaphylaxis to COVID-19 vaccines has been discussed in
detail in a recent review article published in Current Allergy and
Clinical Immunology.55
More recently, the focus has shifted from anaphylaxis to
cutaneous reactions after COVID-19 vaccination. Urticarial
eruptions and angioedema are the most common cutaneous
reactions reported in patients undergoing mRNA COVID-19
vaccinations.57
A recent article published in JAMA Dermatology describing
adverse events after mRNA COVID-19 vaccination in a cohort
of 50 000 healthcare employees reported cutaneous reactions
in 1.9% after the first dose of vaccine and 2.3% after the second
dose of vaccine. More than 600 employees who reported a
cutaneous reaction after their first dose received their second
dose of vaccine and 83% did not have a recurrence of cutaneous
reactions. Cutaneous reactions were mostly mild, the most
frequently reported symptom being an itchy rash.58
Another recent research study among healthcare workers in
Milan vaccinated with mRNA COVID-19 vaccines reported
urticaria or angioedema in 1.8% of vaccine recipients. This
study demonstrated a threefold increased risk for urticaria or
angioedema in healthcare workers using ACE-inhibitors, which
may allude to the role of bradykinin in these reactions. Of note,
all the reported reactions were mild and self-limiting.59
Urticaria or angioedema usually develops hours to days after
vaccination. In contrast, the majority of potentially serious
systemic reactions after mRNA vaccination occur within 30
minutes of administration. The time course of cutaneous
reactions corresponds to the normal immunological or
inflammatory response to vaccination, which suggests that
cytokines and other immunological molecules may lead to nonIgE-mediated mast cell and basophil degranulation.60
The mechanism of anaphylactic reactions to COVID-19 vaccines
has not yet been fully characterised. The mRNA vaccines contain
polyethylene glycol (PEG), which has rarely been implicated as
an allergen in anaphylactic reactions to other PEG-containing
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products and medications. The viral vector vaccines contain
polysorbate, which is structurally related to PEG, and has also
rarely been implicated in anaphylactic reactions. There are no
egg proteins or gelatins in the currently available COVID-19
vaccines.60
The recommended management of patients with suspected
allergic reaction to COVID-19 vaccines:60
• Take a good history, including previous reactions, timing and
types of reaction, as well as previous episodes of anaphylaxis
to COVID-19, other vaccines and injectable medication.
• Patients with a history compatible with COVID-19 vaccine
anaphylaxis should be referred to an allergy clinic for SPT/
intradermal tests to PEG/polysorbate, if available. Basophil
activation tests (BAT) or CAST tests are available to PEG but,
although very specific, the sensitivity of these tests has not
yet been established and they are best used in combination
with other tests in a research setting.
• In high-risk patients, an alternative vaccine could be
considered for boosting. Boosting should be offered in a
setting equipped to manage anaphylaxis. A graded challenge
of 10% dosing, followed by 90% dosing after 30 minutes if
no serious effects are observed, is recommended. Nonsedating antihistamine cover should be considered prior to
administering the vaccine.
• Patients with a previous cutaneous reaction to a COVID-19
vaccine should also consider taking a non-sedating
antihistamine prior to vaccination. Vaccination can take place
without additional precautions, but a 30 min observation
period is recommended after vaccination.
• If a patient should develop a severe allergic reaction or
anaphylaxis after receiving a dose of COVID-19 vaccine,
a clotted blood sample (SST tube) should always be taken
between 30 min and four hours after the reaction for mast
cell tryptase measurement. A baseline mast cell tryptase
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should also be requested at least 24 hours after the initial
measurement, because a fourfold increase above baseline is
diagnostic.

CONCLUSION

Global safety monitoring data suggest that life-threatening
serious adverse events are rare following vaccination and that
the benefits of COVID-19 vaccination, at both the individual and
the population level, far outweigh the risks.
It is important to ensure that healthcare providers and vaccine
recipients are aware of the risks and that patients should seek
care if they experience concerning symptoms after COVID-19
vaccination. All events should be investigated, followed up on
and reported; however, temporal associations do not necessarily
imply causality.
Members of the public and health professionals are encouraged
to report AEFIs to the health facility delivering the vaccine either
on the Med Safety App (which can be downloaded from App
Stores for Android and iOS phones), or by calling the COVID-19
hotline on 0800 029 999.13,14
It is essential that COVID-19 vaccination proceed safely with as
few barriers as possible, because widespread vaccination is a
key intervention in the control of this pandemic. To achieve this
aim, both doctors and patients need to have access to reliable
information and reassurance.
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ABSTRACT

Background: Allergic sensitisation patterns differ globally; therefore it is important to understand local South African
sensitisation patterns to inhalant and food allergen components to enable clinicians to diagnose and manage South
African patients appropriately.
Methods: A retrospective study was conducted reviewing component allergen testing data from a private laboratory
provider in South Africa over a two-year period. Data generated from all Immuno Solid-phase Allergen Chip (ISAC) tests
referred from all regions in South Africa were collected and analysed according to the allergen-component positivity rate.
Results: A total of 813 consecutive patients were tested for allergen-component sensitisation by ISAC testing. Data were
assessed to determine the most prevalent sensitisation patterns for inhalant, food and cross-reactive allergen components.
The most frequent inhalant allergen components were Bermuda grass (Cyn d 1) and Timothy grass (Phl p 1), followed by cat
uteroglobin (Fel d 1) and house-dust mite (HDM) (Der f 1). Peanut (Ara h 2), shrimp (Pen m 2) and egg white (Gal d 1) were
the most prevalent food-component allergens. The most common pollen–food cross-reactive allergen components were
cross-reactive carbohydrate determinant (CCD), profilin and thaumatin-like protein (pathogenesis-related protein (PR-5)).
Conclusions: Grass pollen components were identified as the most common inhalant allergen sensitiser. The most
common pollen–food cross-reactive component sensitisation was to CCD, which is in keeping with the high level of grass
pollen sensitisation. HDM-component sensitisation was lower than expected when correlated with previous studies using
whole allergen specific IgE sensitisation data. This study contributes to understanding allergen sensitisation patterns in
South Africa by adding component sensitisation data to the current diagnostic knowledge pool; and it raises awareness
of the extent of allergen-component cross-reactivity in South Africa.
Keywords: allergic sensitisation, allergen-specific IgE-component testing, sensitisation patterns, inhalant, food allergen
component

BACKGROUND

T

he era of molecular allergy diagnostics was introduced in
1988 with the sequencing of Birch pollen antigen Bet v 1
deoxyribonucleic acid (DNA). Sequencing technology allowed
for many recombinant or purified allergen components to
be identified and measured, which was first introduced as
singleplex assays and as multiplex assays in 2001. The Immuno
Solid-phase Allergen Chip (ISAC) has subsequently become
a benchmark in the world of multiplex allergen-component
diagnostics and has been in use in South Africa since 2009.
Allergen components used in the manufacture of allergy tests
may be obtained from either natural or recombinant sources.
Natural (n) sources of allergen molecules are more variable and
may contain multiple molecular variants (isoforms) that bind

IgE with varying strength. Purified natural allergens could also
generate false positive results due to the presence of N-glycan
sugar side chains or cross-reactive carbohydrate determinants
(CCD). One of the main advantages of the recombinant
production of allergens is that they could be produced without
CCD.1 Therefore, to improve standardisation and reduce CCD
cross-reactivity, recombinant (r) allergen molecules are used
predominantly.²
Allergens are assigned names based upon their taxonomic
nomenclature: the first three letters designate the genus,
followed by the first letter of the species and an Arabic numeral
denoting the order of identification, for example: Peach, Pru p 3
(Prunus persica).3
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TABLE I: THE MOST COMMON INHALANT ALLERGEN-COMPONENT SENSITISATION IDENTIFIED FROM ISAC DATA
ABBREVIATION

IgE-SPECIFIC ALLERGEN COMPONENT

NUMBER OF POSITIVE SPECIMENS
(n = 813)

PERCENTAGE
(%)

Cyn d 1

Bermuda Grass, Group 1 (Contains CCD)

330

40.60

Phl p 1

Timothy Grass, Group 2 (Contains CCD)

281

34.60

Phl p 4

Timothy Grass, Berberine Bridge enzyme (Contains CCD)

219

26.90

Fel d 1

Cat, Uteroglobin

153

18.80

Pla a 2

Plane tree, Polygalacturonase (Contains CCD)

137

16.90

Der f 1

D farinae, Cysteine protease

132

16.20

Der p 2

D pteronyssinus, NPC2 family

131

16.10

Der p 1

D pteronyssinus, Cysteine protease

130

16.00

Der f 2

D farinae, NPC2 family

124

15.03

Alt a 1

Alternaria, Acidic glycoprotein

123

15.10

Testing IgE antibodies to allergen components has improved
allergy diagnosis and patient management by enabling clinicians to
• predict allergen cross-reactivity;
• predict the severity of reactions;
• assist in dietary avoidance advice;
• reduce food challenges; and
• select patients for allergen immunotherapy.
Sensitisation data used to interpret ISAC results have originated
mainly from European studies and, despite ISAC testing being
available for more than a decade in South Africa, there is still a
paucity of local sensitisation data. This retrospective study aims
to contribute to understanding allergen-component sensitisation
patterns in South Africa. Local clinicians can use these data
to improve patient management or to choose cost-effective
singleplex component assays in selected patient groups.

METHODS

Retrospective data on allergen-specific IgE-component testing
(ie ISAC) were collected anonymously from AMPATH patient
databases and analysed. The tests in question were performed
from 1 January 2016 to 31 December 2017 at AMPATH, a
national private pathology provider in South Africa. The ISAC
assay was reformulated to include other allergen components
in 2018; therefore, more recent data could not be included in
this analysis. All patients, both adults and children, tested during
the specified time frame were included in this study. Allergenspecific IgE-component testing was reported as a value from
0–100 ISU/L (International Standard Unit per litre). Allergen
sensitisation was defined as the presence of allergen-specific
IgE > 0.3 ISU. Levels of allergen-component-specific IgE of
> 0.3–1.0 ISU was considered to be low positive, 1.0–15.0 ISU
as moderately high positive and > 15.0 ISU as very high positive,
in accordance with the manufacturer’s instructions.
The research was conducted according to the Declaration
of Helsinki. Ethics approval for this study was obtained from
the University of Pretoria Health Research Ethics Committee,
approval number 110/2019.

RESULTS

A total of 813 consecutive patients were tested for allergencomponent sensitisation by ISAC testing. Data were assessed to
determine the most prevalent sensitisation patterns for inhalant,
food and cross-reactive allergen components.
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DISCUSSION

Sensitisation data for the ISAC inhalant IgE component
revealed that grass pollen sensitisation (Bermuda and Timothy
grass) was the most common sensitiser overall, followed by cat
(rFel d 1) uteroglobulin, Plane tree pollen (nPla a 2) – contains
CCD, HDM (D farinae (Der f 1, Der f 2)) and D pteronyssinus
(Der p 1, Der p 2) and Alternaria (rAlt a 1). It was surprising
to note that HDM sensitisation was lower than expected, as
previous South African sensitisation data on ImmunoCap IgE
as well as skin-prick testing (SPT) indicated HDM to be the
most common sensitiser, followed by grass pollen.4 This may
be attributed to the geographic distribution of patients, as HDM
sensitisation is more prevalent in coastal areas; or it could be
attributed to patient selection bias, because ISAC testing is
frequently requested on patients with food allergies.
The most common food-component IgE-sensitisation data
revealed peanut (rAra h 2, nAra h 6) as the most common
sensitiser overall, followed by shrimp (nPen m 2) and egg white,
ovomucoid (nGal d 1). nPen m 2 can cause cross-reactions
to crustaceans (eg crab, lobster) and insects (eg cockroach).
Please note that shrimp component sensitisation may be
influenced by cross-reactivity to HDM allergens.
Walnut (nJug r 2, storage protein) was the most prevalent food
cross-reactive component sensitiser, followed by CCD (MUXF3),
latex (Profilin, rHev b 8), kiwi (nAct d 2, Thaumatin-like protein),
peach (rPru p 3, LTP) and walnut (nJug r 3, LTP). Please note
that the Walnut component nJug r 2 is rich in CCD groups, which
may indicate CCD cross-reactivity and not necessarily storage
protein allergy. It is notable that nJug r 2 was removed from the
latest version of the ISAC microarray test due to the high level
of CCD cross-reactivity.
It is interesting that Thaumatin-like protein sensitisation is more
common than LTP and Proteinase-10 (PR-10) sensitisation in
the population in this study. This has an important impact on
recommendations for individual ImmunoCap cross-reactive
IgE-component testing for food–pollen syndrome, because
Thaumatin-like protein is not available as a single-plex allergen
component test.
Cross-reactive molecules complicate allergy diagnosis
substantially, because there may be uncertainty as to which
allergen is the primary sensitiser, or whether the test result
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TABLE II: THE MOST COMMON FOOD ALLERGEN-COMPONENT SENSITISATION IDENTIFIED FROM ISAC DATA
IgE-SPECIFIC
ALLERGEN COMPONENT
Peanut

Shrimp

Egg white

Cow’s milk

Wheat

ABBREVIATION

NUMBER OF POSITIVE SPECIMENS
(n = 813)

PERCENTAGE
(%)

Ara h 2 (Storage protein)

58

7.10

Ara h 6 (Storage protein)

53

6.50

Ara h 1 (Storage protein)

47

5.80

Ara h 9 (LTP)

35

4.30

Ara h 3 (Storage protein)

29

3.60

Ara h 8 (PR-10)

11

1.40

Pen m 2 (Arginine kinase)

53

6.50

Pen m 1 (Tropomyosin)

32

3.90

Pen m 4 (Sacroplasmic Ca binding protein)

13

1.60

Gal d 1 (Ovomucoid)

42

5.20

Gal d 2 (Ovalbumin)

33

4.10

Gal d 3 (Conalbumin)

32

3.90

Gal d 5 (Serum albumin)

20

2.50

Bos d 6 (Serum albumin)

25

3.10

Bos d 4 (Alpha-lactalbumin)

21

2.60

Bos d 8 (Casein)

18

2.20

Bos d 5 (Beta-lactoglobulin)

15

1.80

Bos d lactoferrin

6

0.07

Tri a aA_TI (Alpha-amylase)

23

2.80

Tri a 9 (Omega-5 Gliadin)

12

1.50

Tri a 14 (LTP)

11

1.40

is positive as a result of a cross-reactive reaction. For this
reason, an understanding of cross-reactive allergens is vital to
helping ultimately to make the correct diagnosis, and then to
advise the patient. A short review of the most important crossreactive allergen components identified in the South African
population studied, and their impact on clinical decision-making,
is discussed in more detail below.
STORAGE PROTEINS
Storage proteins are produced in seeds to supply energy,
serve as a nutrient reserve to the developing seedlings and
are present in all seeds. Seeds have been classified into cereal
grains (eg wheat, rye, rice, corn and oats), legumes (eg peanuts,
beans, lentils and chickpeas), tree nuts (eg walnut, hazelnut
and almond) and others (eg buckwheat, sesame and mustard).
Storage proteins occur in all of these groups of plant food.
Seeds are an important plant-food source in South Africa. The
protein content in seeds is relatively high per dry weight (10%
in the case of cereals, and 40% in legumes). Of this protein
content, a large proportion is storage protein, which accounts
for the high allergenicity of seeds.
Seeds need to survive in extreme environmental conditions and,
as a result, heating or other food-processing does not affect the
stability of storage proteins. Seeds are only partially digested
in the stomach due to their increased stability, which leads to
the availability of allergenic molecules in the gastrointestinal
circulation. These characteristics contribute to their allergenicity.5
Systemic reaction and anaphylaxis are a distinct possibility in an
individual sensitised to storage proteins.
The majority of storage proteins belong to three families: 2S

albumins, 7S globulin and 11S globulins. Extensive crossreactivity within the three families exists: for example, peanut
(Ara h 2, 2S albumin) and almond (2S albumin). However, the
clinical relevance of serological cross-reactivity among various
legumes, nuts and seeds can be established only after a
thorough history and food-challenge testing, if indicated.6
Component-resolved diagnostics may help to distinguish
primary and pollen-associated sensitivity to legumes, nuts and
seeds. Storage proteins have numerous isoforms and restricted
cross-reactivity due to variable sequence homology; therefore,
these proteins are not suitable as a marker of cross-reactivity in
their entire protein family.
Clinical application
If storage protein A and storage protein B (of the same
protein family) have similar IgE concentrations, it is difficult to
distinguish between dual sensitisation or a cross-reaction with
an unknown primary source of sensitisation. If storage protein
A’s IgE concentration is higher than that of storage protein B (the
same protein family), A is probably the primary sensitiser, but
a provocation test and/or a clinical history would be necessary
in order to establish whether the protein B cross-reaction is
clinically relevant.7
CROSS-REACTIVE CARBOHYDRATE DETERMINANTS (CCD)
In the process of glycoprotein biosynthesis, carbohydrate chains
are progressively synthesised and covalently bound to various
amino acids of a glycoprotein. Plants and invertebrates contain
fucosylated and/or xylosylated N-glycans, which are not present
in human beings; this explains the pronounced immunogenicity
in human beings.8 The multivalent occurrence of carbohydrate
determinants in a protein partly determines allergenicity.
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TABLE III: THE MOST COMMON POLLEN–FOOD CROSS-REACTIVE ALLERGEN-COMPONENT SENSITISATION
IDENTIFIED FROM ISAC DATA
IgE-SPECIFIC
ALLERGEN COMPONENT

ABBREVIATION

NUMBER OF POSITIVE SPECIMENS
(n = 813)

PERCENTAGE
(%)

Storage protein/CCD (removed from latest ISAC
assay due to high level of CCD cross-reactivity)

Jug r 2 (Walnut)
(Contains CCD)

173

21.30

CCD

CCD MUXF3

167

20.50

Profilin

Hev b 8 (Latex)

77

9.50

Mer a 1 (Annual mercury)

72

8.90

Bet v 2 (Birch)

70

8.60

Phl p 7 (Timothy grass)

54

6.60

Thaumatin-like protein (PR-5)

Act d 2 (Kiwi)

61

7.50

Lipid transfer protein (LTP)

Pru p 3 (Peach)

42

5.20

Jug r 3 (Walnut)

35

4.30

Ara h 9 (Peanut)

35

4.30

Mal d 1 (Apple)

20

2.50

Bet v 1 (Birch)

14

1.70

Pru p 1 (Peach)

11

1.40

PR-10

Patients sensitised to CCD rarely respond clinically to CCD
epitopes, as IgE-mediated effector-cell activation is dependent
on cross-linking adjacent membrane-bound IgE molecules. But
this occurs very rarely during binding with non-protein epitopes.
As seen from our data, 20–21% of South Africans tested in this
study are sensitised to CCD. Grass pollen is a potent inducer
of IgE antibodies to CCD groups, therefore it is postulated that
the high level of IgE sensitisation to CCD in the South African
population may be attributable to the high level of grass pollen
sensitisation.
Of the 112 allergens included in the ISAC, six are glycosylated
(possessing CCD side chains that could bind IgE). These
components include walnut (nJug r 2), Bermuda grass
(nCyn d 1), Timothy grass (nPhl p 4), Japanese cedar (nCry j 1),
Arizona cypress (nCup a 1) and Plane tree pollen (nPla a 2).
For this reason, a positive result should be interpreted in the
context of IgE reactivity to the CCD marker MUXF3, because
the IgE to these six components cannot differentiate between
primary sensitisation to the protein or to the carbohydrate side
chain (CCD).9
Clinical application
False positive allergen-specific IgE results to various food
allergens could be as a consequence of cross-reactive anti-CCD
IgE antibodies, as seen in the disproportionately high levels of
IgE sensitisation to wheat, peanut and soya reported previously
in South Africa. Owing to the low probability of significant
clinical symptoms associated with CCD sensitisation, a patient
sensitised to CCD alone could possibly avoid the unnecessary
dietary exclusion of wheat, peanut and soya.4
PROFILINS
Profilins and polcalcins are classified as panallergens because
of their ubiquitous distribution in various plant species and their
high level of cross-reactivity. Profilins are actin-binding proteins
and are present in various plant-derived foods, pollen and
latex. Polcalcins are present in pollen and regulate intracellular
calcium levels.
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Panallergens are responsible for widespread cross-reactions
between botanically unrelated plant species – for example,
pollen, plant foods (ie melon, banana, citrus fruit, tropical fruits,
cucumbers or various vegetables) and latex. Profilins are found
in all eukaryotic cells and are involved in the control of multiple
molecular processes within intracellular networks, which
explains their high serological cross-reactivity.1
Profilin sensitisation of approximately 10% was detected in
our data. Latex (rHev b 8), birch (rBet v 2) and annual mercury
(weed) (rMer a 1) profilin represented the most prevalent
profilin sensitisation in our South African dataset. South African
sensitisation correlates more closely with German profilin
sensitisation (10–15%), in contrast to Italian data, which
demonstrated weed profilin sensitisation of approximately 30%.10
Profilins are heat-labile and unstable in the presence of digestive
enzymes; therefore, it is suggested that pollens are the primary
sensitisers of profilin allergies and not profilin-containing foods.
Grass pollens are the most likely source of profilin sensitisation
in South Africa. Sensitisation to birch (Bet v 2) and grass pollen
(Phl p 7) profilins explains the cross-sensitisation to hazelnut
and Rosaceae family fruits (strawberry Fra a 4, apple Mal d 4,
cherry Pru av 4, almond Pru du 4, peach Pru p 4 or pear
Pyr p 4). Profilin sensitisation is also responsible for the crosssensitisation between birch and mugwort pollen and reactions
to celery or carrot. Although profilins are highly cross-reactive
in vitro, the clinical impact of profilin sensitisation is not always
that relevant. Allergic reactions are usually mild and limited
to tingling, itching or swelling of the oral mucosa and upper
gastrointestinal tract and only in rare cases may more severe
allergic reactions be triggered.
Local sensitisation to another panallergen’s polcalcins could
be demonstrated by birch (Bet v 4) and Timothy grass pollen
(Phl p 7) component testing.10
Clinical application
Patients sensitised only to Hev b 8 (latex), the latex profilin,
and to no other latex component would most likely be able to
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tolerate latex.
Patients may test positive on allergen-specific IgE to wheat,
peanut and soya due to profilin sensitisation. As symptoms upon
ingestion may be either absent or mild, it is important to identify
profilin as the source of sensitisation to avoid unnecessary
dietary elimination. Profilins are heat-labile and degrade after
processing; therefore, dietary advice could include the use of
cooked or processed foods, which may be tolerated.
LIPID TRANSFER PROTEINS
Non-specific LTPs are involved in lipophilic binding and transport
in plants, and also form part of the plant’s defences. The four
strong disulphide bonds in the LTP protein structure compact
and stabilise the structure, contributing to a high thermal and
proteolytic stability.11 The outer surface (skin) of fruits contains
especially high concentrations of LTPs. LTPs also accumulate in
the seeds of fruit.
Clinical reactions towards LTPs may range from oropharyngeal
allergic symptoms to anaphylaxis, and may be due to the
consumption of foods but also to airway exposure or skin
contact.11 Primary sensitisation could occur to food LTPs or
pollen LTPs, where one allergen source could be the primary
sensitiser with cross-reactivity to homologous LTPs.
Peach (Pru p 3) LTP is the most common LTP sensitiser
demonstrated in our South African data. It has also been
described as such in southern Europe and the Mediterranean
area.1 Plane tree pollen may also be an important source of
LTP sensitisation in South Africa, it also being well described in
Mediterranean countries.
LTPs are expressed in foods (fruits, vegetables and seeds), in
pollen (tree, grass and weed pollen) and in latex. There is a
high level of IgE cross-reactivity between different sources of
LTPs. Stone fruits are highly cross-reactive: for example, peach
(Pru p 3), plum (Pru d 3), cherry (Pru av 3) and apricot (Pru ar 3).
Mono-sensitisation possibly results in stronger clinical reactions.
Patients sensitised at an earlier age to LTP are more likely to be
primarily sensitised to peach LTP (Pru p 3).12
Peach LTP (Pru p 3) is commonly used as a marker for LTP
sensitisation, although LTP sensitisation may not always be
clinically relevant. However, in the presence of other contributing
factors, such as physical activity, food processing, alcohol or
the use of non-steroidal anti-inflammatory drugs (NSAIDS),
asymptomatic LTP-sensitised patients may develop symptoms.
Co-factor-induced anaphylaxis has readily been described.
Clinical application
It is often difficult to decide whether a positive LTP IgE is
clinically relevant and so a careful history, including potential cofactor exposure, should always be sought. However, a negative
Pru p 3 IgE virtually excludes LTP sensitisation. Allergen
exposure could be reduced by peeling peaches and apples, as
the LTP concentration of peach skin is seven-fold higher than
that of the pulp.13 The seeds of fruits should also be avoided,
as should foods produced from processes where whole fruit is
crushed.
PATHOGENESIS-RELATED PROTEIN 10 (PR-10)
One of the major plant-derived allergens, PR proteins, are

induced by plants as a defence mechanism, and they exhibit
anti-fungal, anti-bacterial, insecticidal, nematicidal and antiviral
activities. The amino acid homologues of PR proteins are
responsible for the cross-reactivity among allergens from
diverse plants. Many of the PR proteins could possibly be food,
latex and pollen allergens.
Pollen-related food syndrome (latex–fruit syndrome) and birchmugwort-celery-spice syndrome can be explained by the crossreactivity between different PR proteins. South Africans are not
as sensitised to birch pollen as individuals from Central Europe,
which was also reflected in our data demonstrating Bet v 1
sensitisation levels of approximately 2%. There is a paucity of
data on the primary sensitising pollen responsible for PR protein
sensitisation in South Africa. This could possibly be attributed to
the PR proteins in maize pollen, but unfortunately maize pollen
components are not currently available for commercial use.
It was interesting that we could demonstrate that 8% of patients
were sensitised to kiwi thaumatin-like protein (Act d 2), a PR-5
protein. Symptomatic kiwi allergy is not reported frequently in
South Africa. More research should be conducted to identify
the primary sensitiser of PR protein allergy in South Africa,
specifically thaumatin-like protein (Act d 2), and the possible role
of maize pollen and local grass pollens in sensitisation.
Often organically grown, pesticide-free plants would produce
higher levels of PR proteins and may be more allergenic to
sufferers of PR protein allergy. It is also intriguing to note that
PR proteins are integral to disease resistance in genetically
modified (GM) plants and are also used as preservative agents.
The enhanced expression of PR proteins in GM plants may be
associated with increased allergenicity. Various guidelines are
defined by the Food and Agriculture Organization (FAO), the
World Health Organization (WHO) and the Codex Alimentarius
Commission (Codex) for determining whether a new GM crop
can be commercialised; however, testing for allergenicity is not
part of these guidelines.3
Clinical application
PR-10 proteins are localised mostly to the pulp of fruit. Patients
may test positive on allergen-specific IgE to wheat, peanut and
soya due to PR-10 sensitisation. As symptoms upon ingestion are
often mild and limited to the oral cavity, it is important to identify
PR-10 as the source of sensitisation to avoid unnecessary
dietary elimination. PR-10 proteins are heat-labile and degrade
after processing, therefore dietary advice could include the use
of cooked or processed foods, which may be tolerated.
Because PR-10 allergy may cause more severe symptoms
than profilin allergy, a careful history should be taken and food
challenges performed when these are clinically indicated.
PR-10 allergens may be present in higher concentrations in
some organic and some GM foods; therefore, this should be
incorporated in clinical history-taking and patient advice.

OTHER CROSS-REACTIVE PROTEIN FAMILIES
REPRESENTED IN ISAC

SERUM ALBUMIN
Serum albumin is found in fluids and tissues, as is seen in cow’s
milk (Bos d 6), blood, beef and dander. Cross-reactivity between
various mammal species may be explained by the positivity to
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serum albumin – for example, cat (Fel d 2), dog (Can f 3) and
horse (Equ c 3) dander.
Clinical application
Serum albumins are sensitive to heat and digestion.
Consequently, patients may tolerate well-cooked foods
containing albumins. Serum albumin sensitisation to dog, cat
or horse is not an indication for immunotherapy for inhalant
allergens for furry animals.
TROPOMYOSINS
Tropomyosins are proteins found in the muscle fibres of different
species and are responsible for the cross-reactivity between
invertebrates (eg HDM (Der p 2), shrimp (Pen m 1), German
cockroach (Bla g 7) and Herring worm (Ani s 3)).
Clinical application
Because tropomyosin is resistant to heat and digestion,
reactions to cooked foods are possible and severe systemic
reactions occur regularly. Patients sensitised to tropomyosin
only do not respond well to HDM immunotherapy and should
therefore not be considered for immunotherapy.
LIPOCALINS
Lipocalins are stable proteins and important allergens in furry
animals. Cross-reactivity between various furry animals may
frequently be present.
Clinical application
If immunotherapy is considered, it is important to establish the
primary sensitiser – for example, dog (Can f 1, Can f 2), cat
(Fel d 2), mouse (Mus m 1) and horse (Equ c 3).
PARVALBUMINS
Parvalbumin is the major allergen in fish (Gad c 1) and is
resistant to heat and digestion; therefore, reactions to cooked
foods are possible.
Clinical application
Patients could experience only mild symptoms such as oral
allergy syndrome (OAS), but severe and systemic reactions
may also occur.14 The parvalbumin content of different fish
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species may vary, with swordfish and tuna generally having a
lower content. A good history, prick–prick testing with specific
fish species, and food challenges may be indicated to manage
patients appropriately.

LIMITATIONS OF THIS STUDY

This study was performed on sequential patients referred for
ISAC testing and was not corrected for the geographic diversity
of sample origins. We are aware that there are some regional
differences in inhalant allergen sensitisation in South Africa;
accordingly, it may be possible that the sensitisation data may
not be equally representative of all the geographic regions in
South Africa.4
The data collected in this study were based on the original
allergen component ISAC assay. The allergen composition
of this original ISAC assay has subsequently changed, which
has meant that more recent data could not be included in this
study as a direct comparison. The microarray platform currently
available has changed in the following ways:
• Components added are Der p 23 (HDM), Can f 4 (dogspecific lipocalin) and Can f 6 (dog lipocalin), Alpha-gal (red
meat allergen), Ana 0 3 (cashew nut storage protein) and
Cor a 14 (hazel nut storage protein).
• Components which were removed from the ISAC include
Pla a 2 (Plane tree) and Jug r 2 (Walnut) due to their crossreactivity to CCD, and also bee (Api m 1, Api m 4) and wasp
(Pol d 5 and Ves v 5) venom components, which can be
ordered separately on singleplex assays (Immunocaps).

CONCLUSION

This study contributes to our understanding of allergen
sensitisation patterns in South Africa by adding component
sensitisation data to our current diagnostic knowledge pool. This
raises awareness of the extent of allergen component crossreactivity in South Africa, which can contribute to the optimal
diagnosis and management of allergic patients in South Africa.
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INTRODUCTION

A

common framework used in the analysis of medical ethics
is the ‘four principles’ approach of Tom Beauchamp and
James Childress, whose book, Principles of Biomedical Ethics,
was first published in 1985.1 Their four principles include
autonomy, beneficence, non-maleficence and justice:
• Autonomy – the right of the patient to accept or refuse
any therapy or intervention recommended to them, which
embodies informed consent.
• Beneficence – indicates that a practitioner should always act
in the best interests of the patient.
• Non-maleficence – ‘first, do no harm’ or ‘above all, do no
harm’ (primum non nocere).
• Justice – includes distributive justice, which deals with the
distribution of scarce medical resources.
The ethical importance of infectious diseases has been
recognised for many years and this recognition is based on
the potentially devastating consequences that such infections
may cause, particularly when they occur in large outbreaks.2,3 In
the first instance, they have caused more significant morbidity
and mortality than any other condition, including war.3 Some
examples are the Black Death, which eliminated nearly one-third
of the European population over a few years, the 1918 influenza
pandemic, which was said to have caused between 20 and 200
million deaths, and tuberculosis, which is an ongoing cause of
significant mortality.3 In addition, many new infectious diseases
have emerged in recent decades, not the least of which are the
severe acute respiratory syndrome (SARS) viruses,3 including
the SARS-CoV-2 virus, which is the cause of COVID-19 infection.
Infectious disease outbreaks may give rise to a number of
ethical and philosophical issues of their own, which some
have labelled ‘pandethics’.3 These include the need to enforce
measures such as surveillance, quarantine, social distancing,
mandatory treatment and vaccination. While they are essential
to limiting the spread of a pandemic, they may have an impact
on basic human rights and liberties, such as the rights to privacy,
autonomy, informed consent and freedom of movement.3 In
addition, infectious diseases are closely related to the topic of
justice in that infections most commonly occur and spread, and
are associated with poor outcomes, in individuals who inhabit
poor living conditions. Such conditions include overcrowding,
the lack of sanitation and clean water, poor hygiene and limited
access to healthcare.3 In addition, pandemics are known to
spread fear and panic, and this could lead to discrimination and
stigmatisation, sometimes even promoting irrational and emotive

decision-making. Finally, these infections may cause threats
to security, particularly with concerns of their overwhelming
response capacity and even cause chaos.3
Global infections, such as that with the SARS-CoV-2 virus, have
brought home to us the many ethical issues that need to be dealt
with during a pandemic. Table I describes a number of these
ethical issues. Some of them relate to isolation, quarantine,
social distancing and the limitation of travel (affecting individual
autonomy), whereas others have exposed the inequalities in
society and also relate to the distribution of scarce medical
resources (distributive justice). Then there has been fake news
about many aspects of the pandemic, its management and
prevention. While a number of these issues will be covered
briefly in this article, much of the focus is on the ethical issues
arising from vaccination against SARS-CoV-2. Despite vaccines
having been responsible for many public-health successes –
the eradication of smallpox and the reduction in other serious
infections such as polio and measles being notable examples
– they have also long been the subject of a number of ethical
controversies. 4

ETHICAL ISSUES AND COVID-19 INFECTION

Since many ethical issues have arisen with COVID-19 infection
in the healthcare context, it is important initially to stress the
need for healthcare professionals (HCP) to maintain a high
degree of professionalism,5 and to act ethically as an integral
part of being a professional practitioner.6 However, challenges
to professionalism do arise. Among many other reasons there
is the reality that the patient with COVID-19 infection is both
TABLE I: SOME OF THE ETHICAL ISSUES THAT HAVE ARISEN
DURING THE COVID-19 PANDEMIC
Issues with regard to ‘pandethics’:
• Lockdown, isolation and quarantine (autonomy)
• Triaging of resources (distributive justice)
• Socio-economic circumstances (COVID-19 inequalities)
• Fake news
Vaccination issues
• Ongoing placebo-controlled trials
• Global access to vaccines
• Allocation of vaccines – including an idea of who should get them first
• Compulsory vaccination – for healthcare workers, businesses,
universities, schools
• COVID-19 passports
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the victim and threat, that is, the person who may spread the
infection to others. It is therefore necessary to remember the
medical code of ethics in the context of the dynamics of the
pandemic.
To this end, the South African Medical Association has published
ethical guidelines for doctors during the COVID-19 pandemic.6
This document is based on the World Health Organisation
(WHO) document, Guidance for Managing Ethical Issues in
Infectious Disease Outbreaks, but has been adapted to deal
with the South African situation.6 It stresses the moral duties
expected of doctors during the COVID-19 pandemic, not only
to themselves (taking care of their own health and mental
well-being), but also their duty of care to patients, colleagues
and society at large.6 Importantly, the code also emphasises
the reciprocal obligations of the government, the Department
of Health, the private healthcare sector and society, without
which doctors cannot be expected to assume the large risk of
harm to themselves and their families.6 In addition, the Medical
Protection Society, which indemnifies many doctors in South
Africa, has put out a statement on the COVID-19 medico-legal
dilemmas faced by HCPs in South Africa.7
A number of other pandemic-related issues relevant to South
Africa and of interest to readers are beyond the scope of this
article but have been written about elsewhere by experts
in the field. These topics include isolation and quarantine,8
patient–doctor confidentiality in the COVID-19 setting,9 and
the possibility of criminalising the transmission of SARS-CoV-2
infection.10 An additional issue of substantial importance is the
fair allocation of scarce medical resources during COVID-19,
with rationing already having occurred even in better-resourced
countries.11 A particular concern has been who should receive
life support during a public health emergency, which was a
consideration during previous influenza pandemics,12 and has
now arisen more recently with COVID-19 infection.13 The need
to ration resources is particularly acute in resource-constrained
environments, such as in Africa in general14 and South Africa
in particular.15 The ethical issues that need to be considered in
rationing medical resources have been widely discussed, and
recommendations and opinions have been proposed regarding
the means of doing this appropriately.16,17 In the South African
context, these issues were covered in the Critical Care Society
of Southern Africa (CCSSA) Consensus Statement18 and
Guideline19 on ICU triage and rationing (ConICTri). The aim of
the Statement and Guideline was to help with frontline triage
decision-making in South Africa and to engage clinicians, the
public and administrators in appropriate triaging and promote
systems that will maximise the efficient and fair use of the
available ICU resources. More recently, an additional guideline
was developed by the CCSSA which deals with the allocation
of scarce critical-care resources during the COVID-19 public
health emergency in South Africa.20
In this article, I deal with the following current burning issues:
whether the placebo-controlled clinical trials should be
continued at this stage; the hesitancy in certain quarters to be
vaccinated; the equitable distribution of COVID-19 vaccines;
whether the spread of anti-vaccination misinformation should be
criminalised; making the taking of the vaccine mandatory; and
the ethics of COVID passports.
30

ETHICAL ISSUES WITH VACCINATION AGAINST
COVID-19 INFECTION

Few would argue with Bill Gates, who was reported as saying
that vaccination was ‘the most effective and cost-effective health
tool ever invented’.21 Yet during the COVID-19 pandemic, a
number of ethical issues have arisen regarding vaccination.
SHOULD PLACEBO-CONTROLLED TRIALS OF COVID-19
VACCINES CONTINUE?
One issue that has been evolving during the COVID-19 pandemic
is the issue of whether, at the current time, continuing placebocontrolled trials is ethical. This has evolved because when the
initial testing of vaccines for COVID-19 began, no alternatives
were available, so placebo-controlled trials could be considered
to be ethical at that time.
Publications in December 2020 and January 2021, emanating
from the WHO,22,23 while recognising the ethical issues that
placebo-controlled trials evoke, continued to support their use
in ongoing COVID-19 vaccine trials. This support was based on
a number of considerations, not least of which was the need to
collect long-term efficacy and safety data, which such studies
do provide. Other considerations at that time were that vaccine
supplies were still limited, available vaccines were largely still
the subject of investigation – mainly available under emergencyuse designation (EUD) rather than having been fully licensed –
and that public health recommendations about them had not yet
been made.
In general, for good scientific evidence in a clinical trial, the
best study design is thought to be a controlled and, preferably,
randomised and blinded investigation.24 In testing the safety and
efficacy of a new medication, trials should compare the new
agent against a proven gold standard product and a placebo
may be used as control only when such alternatives do not
exist or possibly it may be used in regions where the alternative
medications are not available and therefore no standard of
care is available. These circumstances may occur in low- and
middle-income countries (LMICs).24 However, in the case of
the COVID-19 vaccination, the latter option runs counter to the
challenge of trying to resolve global vaccine inequity (see below)
and does not afford equal opportunity for people living in LMICs.
It is therefore not seen as an act of solidarity or supportive of the
universal concept of human dignity.24 Therefore, some authors
suggest that only those clinical trials involving participants who
are not yet eligible for the vaccine(s) that are beyond the scope
of the ‘gold standard’ the trials could be placebo-controlled.24
An additional ethical debate on continuing placebo-controlled
trials has indicated that confirming the long-term safety
and efficacy of vaccines is necessary for full licensure, and
perhaps even for government funding of their use. In addition,
confirmation is essential to measuring the duration of their
protective efficacy, the waning of their immunity, and their safety
and efficacy in demographic groups not yet tested.25 The authors
have indicated that if all the participants in a placebo group of
vaccine trials were offered a vaccine, valuable research data
from that study would be lost. They argue that the key question
that needs to be answered to enable sound decision-making is
this: What are the risks to the participants in the placebo group,
based on whether they are ‘currently’ eligible for the vaccine
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outside of the setting of a clinical trial? Their suggestions, based
on these discussions, are that:
• sponsors and investigators should explain fully to participants
the beneficial interim vaccine results;
• those participants in the placebo group who would be eligible
for the vaccine outside the clinical trial should be offered
it, and they could become a separate vaccine cohort from
whom data could continue to be collected;
• all the other participants not yet eligible for a vaccine
outside of the trial should be encouraged to continue in
the trial, remaining blinded, and continue to practise sound
precautionary measures to prevent COVID-19 infection;
• the participants should be reminded that they have the right
to withdraw from the trial at any time.
The last point that these authors make is that these
recommendations regarding placebo-controlled trials need to
be revisited frequently, especially as more vaccines, and more
vaccine doses, become available.25
Along similar lines, more recently, others have suggested that
the WHO Expert Group should amend their recommendations to
ensure that the vaccine participants in placebo-controlled trials
have the same opportunity under EUD to receive the vaccine as
anyone else in the same country, in order to better reflect the
moral duty researchers owe to trial participants.26
HOW EXTENSIVE IS VACCINE HESITANCY AND WHAT
SHOULD BE DONE ABOUT IT?
As far back as the 18th century, fear and mistrust arose whenever
a new vaccine was introduced.27 Anti-vaccine thinking receded
between the 1940s and 1980s for a number of reasons: a boom
in vaccine discovery and manufacture; an increase in public
awareness of widespread outbreaks of infectious diseases; the
baby boom, leading to parents wanting to protect their children
against infection; and the post-war improvement in the levels
of education and socio-economic conditions.27 But things did
not stay that way for long. Subsequently, there were fewer
visible outbreaks, which was the outcome of more vaccines
being developed and then added to the schedules. This led
to a number of countries dropping some routine vaccination
recommendations and that development, together with public
complacency, led to the recurrence of outbreaks of infections
previously controlled by the existing vaccines.27
The COVID-19 pandemic spawned the extensive and rapid
development of vaccines against SARS-CoV-2.28 Globally, it is
said that there are now more than 125 vaccine candidates with
365 vaccine trials ongoing.28 At the same time, though, vaccine
hesitancy (that is, reluctance to receive safe and recommended
available vaccines) has arisen against COVID-19 vaccines,
because of concerns about vaccine safety that are largely
associated with the rapid pace of vaccine development.28
However, most of the published data on this have emanated from
high-income countries rather than LMICs. In this regard, more
recent data have been forthcoming, with one study from LMICs29
and another from 15 African countries, including South Africa.28
The majority of the respondents in the studies from LMICs
(66.8–80.3%) and from Africa (79%) indicated that they would
agree to be vaccinated against COVID-19 if the vaccines

were considered to be safe and effective.28,29 It is thought that
persons living in LMICs may be more amenable to vaccination
against COVID-19 infections because, in these areas, vaccinepreventable diseases are still common and a cause of
considerable deaths.28 In 2021, the Centre for Social Change
(CSC), the University of Johannesburg and the Human Sciences
Research Council (HSRC) published a research briefing on the
South African public’s willingness to take a COVID-19 vaccine.30
Fortunately, the majority of the respondents were willing to take
a vaccine:
• 67% of adults would definitely or probably take the vaccine if
it were available;
• 18% of adults would definitely or probably not take the
vaccine;
• 15% of adults did not know what their stance would be.
Another group of researchers based in the Western Cape
province in South Africa investigated the extent and determinants
of COVID-19 vaccine hesitancy in South Africa. They did so by
reviewing surveys conducted between February 2020 and March
2021 in order to inform the strategies aimed at responding to
this issue.31 This study indicated that about one-third of the adult
population are hesitant about the vaccine.
EQUITABLE DISTRIBUTION OF COVID-19 VACCINES
It seems evident that the COVID-19 pandemic may recede only
with the development and distribution of effective vaccines and
that it is most likely, at least initially, that demand may outstrip
supply.32 This is an important consideration. Some authors have
suggested the public health goals of COVID-19 vaccination
campaigns, should include decreasing COVID-19 morbidity
and mortality, preventing economic harms and narrowing unjust
health equalities.32 The discussion about vaccine allocation
began early on in the pandemic and the Advisory Committee
on Immunisation Practices (ACIP) of the Centers for Disease
Control and Prevention (CDC) in the United States produced
documents on the ethical principles for allocating the initial
supplies of COVID-19 vaccine – at least for the United States.33
The essential ethical questions they suggested needed
consideration were:
• Maximise benefits and minimise harm – both to the individual
and to the whole population.
• Promote justice – an obligation to protect and advance equal
opportunity for all persons to enjoy health benefits.
• Mitigate health inequalities – health equity is achieved when
every person has the opportunity to attain their full health
potential without being disadvantaged because of their social
position or circumstances.
• Promote transparency – this relates to the decision-making
processes that should be clear, understandable and available
in order to build public trust.
Experts in South Africa also put forward a scientific ten-point
proposal for equitable and timeous access to the COVID-19
vaccine in South Africa.34
Equitable COVID-19 vaccine distribution to LMICs is clearly an
issue that needs urgent attention in its own right;28,35 however,
the lag in the roll-out of vaccines in these regions of the world
could present an opportunity to respond to the issues of vaccine
hesitancy.28 It would appear that prioritising COVID-19 vaccine
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rollouts to LMICs is justifiable not only on equity grounds, but
the data from the study by Solice Arce et al29 also suggest that
it could lead to a more rapid global coverage of vaccination,
and at a faster rate, because of its greater acceptance by the
populations in those regions.28 Clearly, vaccine hesitancy and
acceptance need to be research priorities in order to inform
contextualised campaigns and to help improve vaccine uptake.28
CRIMINALISATION OF SPREADING ANTI-VACCINE
MISINFORMATION
With regard to incorrect information, on the one hand, some
individuals may spread misleading information which is based
on incorrect beliefs; on the other hand, others may spread
false information with malicious intent. Both types of incorrect
or misleading information can increase vaccine hesitancy.36 A
recent publication asked the question whether spreading antivaccine misinformation should be criminalised, using a pro–
con debate by two experts.36 On the pro-side of this debate
there is the suggestion that deliberately spreading vaccine
disinformation that may result in potentially preventable deaths
could be considered to be a criminal act on ethical grounds.
However, the author did acknowledge that criminalisation is not
straightforward, and other options for dealing with this practice
should also be explored.36 Meanwhile, some countries have
already invoked laws against fake news.36 On the con-side,
the arguments against criminalisation relate to the notion of the
rule of law and democracy plus freedom of speech and other
civil liberties.36 The latter authors did suggest technological
alternatives that could be enacted, such as getting electronic
social media platforms to deal with false claims through factchecking and labelling misinformation.
Since early on in the COVID-19 pandemic, particularly during
the early COVID-19 lockdown, the South African Government
put in place steps to increase its capacity to monitor and respond
to misinformation and/or fake news regarding COVID-19.37,38
This included high-tech monitoring and evaluation, with
ongoing assessment of complaints and reports from the media,
the public and other sectors of society.37,38 These steps also
included the ability to take down fake news items from various
electronic platforms and to submit cases for investigation by
the South African Police Services and possible prosecution.37,38
The procedures according to which this would be done were
published and both a website and a WhatsApp line were set up
for communicating complaints.37,38 The publications indicate that
anyone who generated or spread fake news would be liable for
prosecution.
WOULD MANDATORY COVID VACCINATION BE ETHICAL?
One aspect of COVID-19 vaccination that is very topical but also
highly emotive is the concept of mandatory vaccination. It pits
the ethical principle of non-maleficence against that of individual
autonomy.39 The current concept of mandatory vaccination is
that non-compliance with vaccination requirements may result
in the imposition of both direct and indirect restrictions; however,
despite the label, such policies are not really mandatory, as they
usually do allow certain exceptions, such as for medical contraindications.40 However, they do still limit individual choice. One
question that has still to be answered is this: What does one
consider more acceptable, mandatory lockdown or mandatory
vaccination?
32

In April 2021, the WHO, while not endorsing or opposing
mandatory vaccination, identified ethical considerations and
other caveats that needed to be evaluated and discussed when
mandatory vaccination is being considered.40 Issues considered
important include these:
• Necessity and proportionality – consider whether it is
necessary for, and proportionate to, the achievement of
important public health goals.
• Sufficient evidence of vaccine safety.
• Sufficient evidence of the efficacy and effectiveness of the
vaccine.
• Sufficient and reliable vaccine supplies.
• Public trust – consider the impact on public confidence and
trust.
• Ethical decision-making – important that this is a step-wise
and transparent decision-making process which is fair and
non-discriminatory, with input from all affected parties.
This document also considers mandatory vaccination in different
settings, such as in public, at schools and among healthcare workers.
It has been said that mandatory vaccination could be considered
ethically justifiable if the health risk requiring the response of
vaccination is grave, if there is confidence in vaccine safety and
efficacy, if the utility of mandatory vaccination is greater than
any of the alternatives and if the penalties for non-compliance
are reasonably proportionate.41 Others have put forward a list
of similar questions to be asked relating to certain conditions
which, if present, may justify vaccination.42 Furthermore, a
review of all these factors surrounding COVID-19 infection
compared to influenza infection has indicated a much stronger
case for dealing with COVID infection.43
In contrast to mandatory vaccination, though, other authors
have suggested alternative strategies.41,44,45 For example, some
suggest offering benefits or incentives to vaccine recipients,
which could be in cash or in kind. They argue that instituting
such programmes could be justifiable because of two potentially
significant benefits: a reduction in overall harm from COVID-19
and the protection of disadvantaged individuals.41,44 These
authors also counter the arguments that such programmes
coerce or exploit individuals and indicate further that it is
common to offer thanks to individuals who perform valuable
activities for society by way of recognition, awards, benefits or
payments.41,44 Therefore, it has been indicated that whereas
mandatory vaccination may be ethically justifiable, when
uncertainty exists about the risks of vaccination, payment in cash
or kind for vaccination could be an ethically superior option.41
One author even offers an algorithm for evaluating the choice
between mandatory vaccination versus alternative strategies in
any particular situation.41
Mandatory vaccination has been widely discussed and heatedly
debated in South Africa over the past few months, with some
opposing the measure.46 However, in this debate, one needs
to balance public health priorities against legal and ethical
considerations and recognise that what is needed is a balance
between individual rights and the public good.46 While the South
African Government has been saying that COVID vaccination
will not be made compulsory, there has been much discussion
about this issue in the local press and media.47,48
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With regard to mandatory workplace vaccination, particularly
for healthcare workers, much has been learnt from similar
discussions and actions during previous influenza pandemics,
although experts believe that the case for mandatory COVID-19
vaccination is stronger than that for influenza.39,43 Clearly, in the
case of influenza, making vaccination a condition of employment
(together with extensive education and communication) certainly
increased the vaccination rates among healthcare workers.39
Discussions are now ongoing internationally regarding the
case for making COVID-19 vaccines a compulsory condition
of service for healthcare workers.42,43 Mandatory COVID-19
vaccination has also been debated in other situations, such as
in businesses, at universities and at schools.49,50
ETHICS OF COVID-19 PASSPORTS (‘IMMUNITY PASSPORTS’)
A number of countries, including Germany, the United Kingdom,
the United States, Israel, Australia, Denmark and Sweden,
and the European Union, are considering piloting or have
implemented, vaccine ‘passports’ or ‘certificates’, perhaps
more correctly called digital-health passes (DHP)51–55 but
conceptualised as immunity-based licences.53 The purpose
of these passports, governments argue, is to allow people to
travel, to participate in large gatherings, to gain access to public
venues and to return to work without having an adverse effect
on personal safety and public health.55 Vaccine passports are
not only permissible under international health regulations, but
they also exist, if one considers that the WHO already endorses
documents which confirm that travellers to endemic areas have
to have had a yellow-fever vaccination.55
In Israel, the government developed the ‘green pass’, which
would allow individuals having such a document to gain access
to social, cultural and sporting events, gyms, hotels and
restaurants.51 It would also allow exemption from quarantine.51
This was introduced as an incentive for the population to get
vaccinated, because although the country currently has a large
proportion of the population vaccinated, initially large sectors of
the population were slow to accept and receive the vaccine.
The potential benefits of these passports include an earlier return
to normal life and the opening of the economy in sectors such
as food, retail, entertainment, travel and accommodation; they
are a less restrictive and costly means of relaxing COVID-19
preventive measures compared with quarantine, lockdowns
and business closures.52 But there are scientific challenges to
such an endeavour. These include varying vaccine efficacy,
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lawful, as mentioned above, particularly if they are governmentled.52 There are, however, ethical concerns with DHPs while
vaccine supplies are scarce, but once everyone has access to
the vaccine, there is strong ethical justification for a DHP: they
enable the creation of safer environments for working, shopping,
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other current healthcare measures.52–54
But the public appear to be deeply divided about the
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to introduce a ‘vaccine passport’ in this country, which is now
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CONCLUSION

It is clear from this relatively brief overview that in addition to
all the medical issues healthcare workers are faced with during
this COVID-19 pandemic, there are many ethical considerations
– such as those regarding the provision of information, patient
management, vaccine studies and vaccination itself – that need
to be considered. Clearly, the COVID-19 pandemic has been
characterised by the term ‘pandethics’, providing all sectors
of society – government, business, communities, the medical
profession and individual citizens – with plenty of food for
thought about the ethical aspects of dealing with the pandemic.
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ABSTRACT

Background: A machine operator at a factory that packages raw forms of legumes and grains developed work-related
ocular-nasal and asthma symptoms associated with exposure to legume dust at work. Despite earlier sensitisation, he
developed ingestion-related symptoms to lentils much later, after tolerating exposure for years.
Methods: Work-related symptoms were evaluated clinically and by means of a walk-through inspection to ascertain the
extent of exposure to legume dust. Respiratory function assessment entailed spirometry accompanied by a bronchodilator
challenge and serial peak flow monitoring. Immunological evaluation included investigation for atopy using Phadiatop and
skin-prick tests to common aeroallergens, specific IgE reactivity to potential workplace legume and grain food allergens
as well as other potentially cross-reacting food agents. SDS-PAGE and immunoblot testing were used to determine the
molecular weights of the putative allergen using food samples obtained from the factory and the serum of the index case.
Results: Occupational asthma was confirmed based on the finding of airway reversibility and a positive work effect index
score of 3.73 in the presence of sensitisation to different lentils and split peas. The molecular weights of potential allergens
were identified as being a ~50 kDa protein (possibly Len C 1 and Pis s 1 respectively), one between 75–100 kDa and
another of 25 kDa. There also appeared to be cross-sensitisation to other legumes, notably chickpea.
Conclusion: This rare case of occupational legume (lentil and split pea) allergy resulting in occupational rhinitis and asthma
highlights the role of inhalant workplace food allergens and the need for improved workplace dust control measures and
exposure standards in the food industry.
Keywords: work-related asthma, occupational food-induced allergy, lentil allergy, split pea allergy, inhalational legume
allergy

INTRODUCTION

O

ccupational sensitisation to food allergens is estimated
to account for up to 25% of occupational asthma (OA)
and occupational rhinitis (OR).1 The main allergen sources in
the food industry include high molecular weight (HMW) food
proteins, additives (enzymes, flavourants, colourants, thickening
agents and preservatives) and biological contaminants (insects,
mites, parasites and fungi).2–4 The predominant mechanism of
sensitisation to these allergens in the workplace is through the
aerosolisation of particles from food matrices during handling
and their subsequent inhalation.5,6 Sensitisation may also occur
transcutaneously through a disrupted skin barrier, although this
is not common.6,7

Jeebhay et al2 proposed a third phenotype of IgE-mediated
food allergy linked to exposure to food allergens. The primary
route of sensitisation in this class 3 food allergy is via the
respiratory tract; it follows the inhalation of aerosolised food
allergens.2,5,7 The affected population is usually adults in the
workplace, although this has also been observed in domestic
food-preparation settings. Symptoms always occur with food
inhalation, but seldom occur when the food allergen is ingested.
Legume allergy is a common ingestion-related food allergy in
non-occupational settings,8 but inhalant allergy has rarely been
described in occupational settings. Furthermore, workplace
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sensitisation to lentils (Lens culinaris or Lens esculenta) and
split peas (dried green peas: Pisum sativum) as a causative
agent for OA has rarely been described.9

METHODS

PULMONOLOGICAL ASSESSMENT
A detailed occupational history, clinical examination, spirometry
and serial peak expiratory flow (PEF) monitoring were used
to make the diagnosis of OA. Exposure to a workplace agent
reported to cause OA and preceding the onset of symptoms is
suggestive of an occupational cause. Spirometry to assess for
airway obstruction and reversibility was conducted according
to American Thoracic Society/European Respiratory Society
guidelines. Monitoring and assessment of serial PEF was used
to assess the work-relatedness of symptoms. Serial PEF were
assessed four times per day for four weeks, including periods at
work and away from work. The readings were analysed using
OASYS® software. An ‘OASYS® score’ – also known as the ‘work
effect index’ – greater than 2.5 indicates work-relatedness. The
worker’s respiratory system was monitored at follow-up using the
asthma control test score (ACTS) and spirometry. A chest X-ray
was performed to exclude concurrent structural pathology.
IMMUNOLOGICAL ASSESSMENT
Specific IgE reactivity to potential allergen exposures in the
workplace (lentils, rice, wheat, white beans, barley and coconut)
was tested to identify the sensitising agent responsible for the
OA, using commercially prepared extracts. In addition, specific
IgE reactivity to other allergens (chickpea f 309, soybean f 14,
peanut f 13 and lupin f 335) commonly reported to cross-react
with the occupational agent were tested. Specific IgE reactivity
to extracts from four laboratory-prepared samples of various
types of the identified occupational allergen (lentils) and split
peas from the food handler’s workplace were also tested.
Skin-prick testing (SPT) to a range of common aeroallergens
was done to detect atopy and a serological investigation for IgE
reactivity by means of the Phadiatop® test. Atopy was defined as
a positive reaction to one or more of the inhalant allergens on
SPT, or a positive result with the Phadiatop® test.
IMMUNOBLOTTING AND ALLERGEN IDENTIFICATION
Sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) was used to determine the proteins present in the
identified food allergen samples provided from the workplace.
Western blot/Immunoblot analysis was then employed to detect
IgE reactivity to these proteins and confirm the occupational
agent as the putative allergen. Half of the gel was stained
using Coomassie Blue stain and the proteins were transferred
from the other half to a nitrocellulose membrane using the
iBlot Gel Transfer Device. Briefly, the blotted nitrocellulose
membrane was blocked with 5% skim milk in Tris Buffered
Saline with Tween (TBST). The patient’s serum was diluted
1 : 25 in blocking solution, added to the blocked membrane and
incubated overnight at 4 °C. After that, the blot was washed in
TBST. Alkaline Phosphatase conjugated anti-IgE (Sigma cat no
A3525) was diluted 1 : 1 000 in the blocking solution; it was
then added to the nitrocellulose membrane and incubated for
one hour before it was washed in TBST. The Bio-rad Alkaline
Phosphatase conjugate substrate kit (cat no 1710-6432 buffer)
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was used to visualise the protein bands that the patient’s specific
IgE antibodies had attached to.

RESULTS

HISTORY AND CLINICAL EXAMINATION FINDINGS
A 34-year-old male working as a machine operator at a factory
that processes legumes and grains was referred to the tertiary
occupational medicine (OM) clinic by the respiratory medicine
clinic. Prior to referral, the patient was managed by various
primary care practitioners with antibiotics, oral steroids and
inhalers. He was eventually referred to the respiratory medicine
clinic, where he was diagnosed with adult-onset asthma, which
was suspected to be work-related.
His presenting symptoms included a nine-year history of itchy
eyes, runny nose, sneezing and a tight chest that was worse at
work and improved when away from work for extended periods
of time. Symptoms first developed one year after commencing
work at the factory and worsened progressively over time.
The tight chest was also aggravated by changes in the
weather, notably during the winter months. He initially worked
in the legume-processing unit but requested a transfer to the
rice section after five years. Despite the move, there was no
improvement in his symptoms.
At the time of referral to the OM clinic, his treatment included
a combined long-acting beta agonist (Salmeterol) and a
corticosteroid (Fluticasone) metered-dose inhaler at a dose of
50/250 µg 12-hourly, a Salbutamol metered-dose inhaler 200 µg
as needed, a Fluticasone nasal spray in both nostrils 12-hourly and
oral Cetirizine 10 mg daily. He occasionally required oral steroids
(approximately twice or thrice a year) for severe symptoms.
His past medical history revealed that he had contracted
pulmonary tuberculosis ten years prior and had completed
treatment. He had no personal or family history of atopy, asthma
or food allergies. He was a non-smoker and did not keep any
pets at home.
His current employment was as a machine operator at a food
factory, in which position he had been for ten years. His job
tasks involved operating machines that filled packets of legumes
and grains. Previously he had operated machines packaging
legumes and desiccated coconut, but he currently packaged rice
only. All the legumes and grains were handled in their raw form
at the factory. The personal protective equipment (PPE) worn
at work included an overall, a hairnet and safety shoes. He had
worn a dust mask when entering the legume area previously,
but this was poorly tolerated since he developed a tight chest
in this area.
He reported ingestion-related symptoms (nausea and vomiting)
to lentils on his follow-up visit. This was approximately eight
years after the development of respiratory symptoms and after
he was diagnosed with OA. No ingestion-related symptoms
were observed on consumption of other legumes.
On clinical examination he appeared well. Mild conjunctival
injection of his eyes and swollen nasal turbinates with 50%
obstruction bilaterally were noted. His vital signs and respiratory
and cardiovascular examinations revealed no abnormality.

Current Allergy & Clinical Immunology Ӏ March 2022 Ӏ Vol 35, No 1

03 Occupational rhinitis and asthma.indd 36

2022/02/21 20:17

ALLERGIES IN THE WORKPLACE

REVEAL THE SECRETS BEHIND

THE ALLERGY-LIKE SYMPTOMS
A SINGLE PHADIATOP® BLOOD TEST THAT HELPS YOU TO RULE IN OR RULE OUT ALLERGY
• 65% of patients diagnosed as having allergic rhinitis and prescribed antihistamine may not be allergic. (1) (2)
• 90% of children and 60% of adults with asthma have allergy (3-5)
• 70-90% of infants and young children with eczema have underlying allergy (3) (6)
References: 1. Szeinbach SL, et al. J Manag Care Pharm. 2004 May–Jun;10(3): 234–8. 2. Welsh NR, et al. J Am Pharm Assoc 2006; 46(5): 627. 3. Host A,
et al. Allergy. 2003 Jul; 58(7): 559–69. 4. Milgrom H. AAAAI news release. Milwaukee, WI: American Academy of Allergy, Asthma & Immunology; June 17,
2003. 5. Allen-Ramey F. J Am Board Fam Pract. 2005; 18(5):434–9. 6. Spergel JM. Am J Clin Dermatol. 2008; 9(4): 233–44. 7. Eriksson NE. Allergy. 1990;
45(4): 285–92. 8. Wever-Hess J, et al. Acta Paediatrica. 1999; 88(8): 827–34. 9. Halvorsen R, et al. Int J Pediatr. 2009; 460737. 10. Ballardini N, et al. Allergy.
2006 Mar; 61(3): 337–43. 11. Williams PB, et al. Ann Allergy Asthma Immunol. 2001;86(2):196–202. 12. Nilsson C, et al. Pediatr Allergy Immunol. 2012
Mar;23(2):159–65. 13. Lau S, et al. Pediatr Allergy Immunol. 2008 Jun;19(4):337–41.

www.allergyinsider.com

3 Susan St, Strijdom Park, 2194
Support-za.IDD@thermofisher.com

Tel: 011 792 6790, Fax: 011 793 1064
AllergyInsiderZA

© 2021 Thermo Fisher Scientific Inc. All rights reserved. B·R·A·H·M·S PCT and all other trademarks are the property of Thermo Fisher Scientific and its
Current Allergy & Clinical Immunology Ӏ March 2022 Ӏ Vol 35, No 1
37
subsidiaries unless otherwise specified. Availability of products in each country depends on local regulatory marketing
authorization status. 901272.1

03 Occupational rhinitis and asthma.indd 37

2022/02/21 20:17

ALLERGIES IN THE WORKPLACE

TABLE I: RELEVANT FINDINGS OF THE HEALTH RISK ASSESSMENT OF THE FACTORY, AND RECOMMENDATIONS
WORK PROCESS

HAZARD

Legume
packaging

Dust (physical Machine
and biological operators
hazard)
(inhalation and
direct contact)

Legume cleaning

PERSONS AT
CURRENT CONTROL
RISK AND HOW? MEASURES

Dust (physical Machine
and biological operators and
hazard)
cleaners
(inhalation and
direct contact)

Engineering: automated
filling which is predominantly
enclosed, mechanical
ventilation system

HEALTH EFFECTS

RISK RATING

RECOMMENDED
ADDITIONAL CONTROL
MEASURES

Sensitisation with or
without OA and OR

Medium
(Lentils and split
peas: 3 × 3 = 9)

Avoid sweeping and use of
compressed air and fans –
this will aerosolise the dust.
Instead, use vacuuming and
wet methods for cleaning.

Irritant-induced
Administrative: OH surveys, asthma
medical surveillance, OHS
Work-exacerbated
training
asthma
PPE: overalls, hairnets,
safety shoes, COVID-19
Eye irritation
fabric mask
Engineering: LEV and
Sensitisation with or
extraction ventilators,
without OA and OR
mechanised filling of hoppers,
enclosed cleaning machinery Irritant-induced
Administrative: OH surveys, asthma
medical surveillance, OHS
training

Perform hygiene surveys when
plant is processing split peas,
as this was noted to be the
dustiest time.
Medium
(Lentils and split
peas: 4 × 3 = 12)

Instead, use vacuuming and
wet methods for cleaning.

Work-exacerbated
asthma

PPE: overalls, hairnets,
safety shoes, gloves,
COVID-19 fabric mask

Avoid sweeping and use of
compressed air and fans – this
will aerosolise the dust.

Perform hygiene surveys when
plant is processing split peas,
as this was noted to be the
dustiest time.

Eye irritation

LEV: Local exhaust ventilation; COVID-19: Coronavirus disease of 2019; OA: occupational asthma; OH: occupational hygiene; OHS: occupational
health and safety; OR: occupational rhinitis

WORKPLACE ASSESSMENT
A walkabout survey of the employee’s workplace was conducted
by staff from the OM clinic to perform a health-risk assessment.
A photographic presentation of the work process is provided
in Figures 1 and 2. The two plants (legumes and rice) and the
offloading areas were inspected. Each plant had a cleaning,
packaging and storage area. The employee accompanied the
team at the rice plant, where he is currently accommodated.
The risk assessment focused on identifying respiratory hazards,
estimating associated risk and making recommendations for
improved control measures to mitigate the risk.
The factory cleans and packages the following foods: raw
grains (rice, wheat, barley, popcorn and samp), raw legumes
(beans, lentils and split peas) and desiccated coconut. The
rice plant processes premium rice, whereas the legume plant
processes all the other food agents. At the legume plant, one
food agent may be processed for up to two months depending
on production needs. Employees work day and night shifts on
a rotational basis and shifts are approximately 12 hours each.

The main source of dust is from the husks/hulls of the legumes
and grains. Dust is generated during offloading, which is an
open process, and cleaning when the machinery sifts and
uses pressurised air in an enclosed space to remove the
husks from raw, dry legumes or grains. However, some husk
dust and legumes or grains are still emitted from the cleaning
machinery. Figures 1a–c illustrate the legume-cleaning process.
The legume- or grain-packaging process can be seen in Figures
2a–c. Much less dust is noticeable in the packaging areas,
where husk-free legumes or grains are handled. The entrance
to the legume-cleaning area is directly across from where the
employee was stationed in legume-packaging, as shown by the
arrow in Figure 1d. The plastic curtain seen in the image was not
installed during the period that he worked in the area and it was
completely open, with visible dust entering the packaging area.
A summary of the main respiratory hazards identified in the walkthrough visit is presented in Table I. The Malaysian risk matrix10
was used to assess the risk of sensitisation and respiratory
health effects such as work-related asthma and rhinitis, which

TABLE II: TOTAL INHALABLE DUST LEVELS OBTAINED AT THE WORKPLACE OF THE INDEX CASE
WORK AREA

SAMPLE TYPE

EIGHT-HOUR TWA VALUE (mg/m3)

OHS ACT (REGULATIONS FOR HCA 2021)
OEL-RL (mg/m3) TWA

Legumes

Area
Personal

0.036–0.253
0.104–1.522

8

Rice (including silos)

Area
Personal

0.373–2.208*
0.010–0.286

8

Warehouse

Personal

0.080–0.133

8

TWA: time-weighted average; OHS Act: Occupational Health and Safety Act; HCA: hazardous chemical agents; OEL-RL: Occupational exposure
limit – recommended limit
*The value of 2.208 mg/m3 was an outdoor area sample 10 m from the entrance of the rice silo.
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Figure 1a: Legumes are brought to legume
cleaning machinery in open containers (LEV
is seen above the hopper in the background).

Figure 1b: Mechanised filling of legume
cleaning machinery.

Figure 1c: Enclosed cleaning process. Husks
are discharged into open bags.

Figure 1d: Entrance to legume cleaning area (red
arrow), directly opposite the employee's workstation
(where staff are standing).

Figure 1: The legume cleaning process

was noted as medium overall. There was greater likelihood of
dust exposure in the legume plant than the rice plant because
rice processing was more automated and enclosed. There
was also a greater likelihood of exposure in the cleaning areas
compared to the packaging areas. The use of fans during
warmer weather and cleaning methods such as compressed air
when changing lines and sweeping were also observed.
Occupational hygiene surveys were conducted every two years
and reports from 2019 were obtained from the manager. The
total inhalable dust levels were assessed, and most samples
were less than 10% of the South African occupational exposure
limit (OEL) for dust (8 mg/m3) (see Table II). The dust levels
did, however, depend on what was in the production line at the
time and staff reported that it was much dustier when they were
processing split peas.
PULMONOLOGICAL ASSESSMENT
The chest radiograph revealed no abnormalities. Spirometry
showed mild obstruction with significant bronchodilator
responsiveness (870 mL and 31% change), which confirmed
the diagnosis of asthma (See Table III). The diffusion capacity
for carbon monoxide test was normal. Serial PEF readings

taken over a four-week period revealed significant variability
during this period. A Work Effect Index score of 3.73 was highly
suggestive of OA.
His asthma remained uncontrolled at follow-up visits and a
summary of his follow-up spirometry results is provided in Table III.
IMMUNOLOGICAL ASSESSMENT
Prior immunological assessment included a SPT for
aeroallergens, which showed positive reactions to house dust
mites extracts (Dermatophagoides pteronyssinus and Blomia
tropicalis) and indicated atopy. Specific IgEs to wheat and rye
were negative.
Atopy was confirmed by a mildly positive Phadiatop®
(0.51 PAU/L). The specific IgE to lentils that was initially
performed was elevated (4.90 kU/L) and this was confirmed by
even higher levels to the commercially prepared lentil extract
(f 235) and three lentil types (namely, black, red and brown) which
he handled at work. The specific IgE reactivity to split peas in his
workplace was also tested and was positive. Potential crosssensitisation to other legumes was assessed and the specific
IgEs to chickpea, soybean, peanut and lupin were also positive.
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Figure 2a: Packaging process – automated filling of legumes or grains into the
packaging machinery from the hoppers.

Figure 2b: Packets are filled with
legumes or grains in a predominantly
enclosed process (some dust is notable
on the enclosure).

Figure 2c: Closed packets are transferred along
the conveyor belt. Legumes or grains that have
spilled over are caught in a tray at the bottom.

Figure 2: The legume packaging process

The specific IgEs to coconut, rice, white beans and barley were
negative. A summary of his specific IgE results is presented in
Table III.
The allergenic proteins previously identified in lentils are Len C 1
(47–48 kDa vicilin-type storage protein), Len C 2 (66 kDa seedspecific biotinylated protein) and Len C 3 (9 kDa non-specific
lipid transfer protein), while pea allergens Pis s 1 (44 kDa) and
Pis s 2 (63 kDa) are both vicilin-type storage proteins.8 The SDS
PAGE results revealed that Len C 1 was identified in all the lentil
samples provided and Pis s 1 was identified in the split peas, just
below the 50 kDa marker (see Figure 3). Len C 2 was identified
in red and brown lentils, and Pis s 2 in the split peas, between
the 50 and 75 kDa marker. Len C 3 was not reliably identified
since the proteins below 25 kDa were poorly separated. Strong
protein bands were also identified between the 75 kDa and the
100 kDa markers, and at the 25 kDa marker.
With Immunoblot analysis, the patient demonstrated sensitisation
to Len C 1 and Pis s 1, the protein between 75–100 kDa and the
protein at 25 kDa in all the samples assessed (see Figure 4).
Three lentil proteins and three split pea proteins to which the
patient was sensitised were therefore identified and both lentils
and peas were classified as putative allergens.
DIAGNOSTIC ASSESSMENT AND MANAGEMENT
A diagnosis of sensitiser-induced OR and OA was made. Asthma
was confirmed by spirometry, showing obstruction with significant
bronchodilator responsiveness. Work-relatedness was proven
with serial PEF analysis, which showed a work effect index
> 2.5, and allergy to lentils and split peas was confirmed (high
allergen-specific IgE levels and positive immunoblot patterns
to lentil and split pea proteins). Furthermore, the temporal
relationship between work exposure and his symptom onset
and the latency period of approximately one year between the
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initiation of work and the development of his asthma symptoms
further support the diagnosis of OR and OA.
Clinical management of the patient included continuation of
his inhaler medication, steroid nasal spray and antihistamine.
His metered-dose inhaler was changed to a breath-activated
accuhaler to improve drug delivery. Asthma education was
provided that focused on correct inhaler technique and use
of medication. Workplace accommodation was already
implemented as he had been placed in the rice-processing area,
which was in a separate building removed from the legumes
area, prior to being referred to the OM clinic. He was further
educated about avoiding allergens and other triggers. Despite
his alternative placement, he reported persistent work-related
asthma symptoms.
Owing to suboptimal asthma control, his medication was stepped
up to include a leukotriene receptor antagonist (Montelukast)
first, and later his combined long-acting beta agonist and
corticosteroid dosage was increased to 50/500 µg 12-hourly.
Owing to supply problems, his Salmeterol/Fluticasone was
changed to Budesonide/Formoterol 160/4.5 µg initially and
320/9 µg subsequently.
A compensation claim for OA was submitted, as per the
Compensation of Occupational Injuries and Diseases Act 1993
and guided by the Circular Instruction 176 for Occupational
Asthma. Based on this circular, his score for ‘Parameter 1: Postbronchodilator forced expiratory volume in one second (FEV1)’
was assessed as 0 as his post-bronchodilator FEV1 at diagnosis
was 93%. His score for ‘Parameter 2: Minimum medication
prescribed’ was assessed as 3 for daily bronchodilator and/
or daily high-dose inhaled steroids and occasional course oral
steroid (1–3/year). This translated into a summary impairment
score of 3, which translated to 30% permanent disablement and
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TABLE III: RELEVANT FINDINGS ON RESPIRATORY AND IMMUNOLOGICAL ASSESSMENT OF THE FOOD-HANDLER
INDEX CASE WITH OCCUPATIONAL RHINITIS AND ASTHMA
Pulmonary function assessment

SPECIAL INVESTIGATION

RESULTS

Chest radiograph

NAD

Baseline spirometry:
FEV1/FVC pre-BD/post-BD, %
FEV1 pre-BD/post-BD, mL (% predicted)
FVC pre-BD/post-BD, mL (% predicted)
FEV1 increase post-BD, mL (%)

65/76
2800 (71)/2670 (93)
4290 (91)/4820 (102)
870 (31)

PEF monitoring: Work Effect Index

3.73

Follow-up spirometry range:
FEV1/FVC pre-BD/post-BD, %
FEV1 increase post-BD, mL (%)

55–69/64–75
260–610 (8–22)

Immunological assessment (in vivo)

SPT to common aeroallergens

Positive to house dust mites (HDM)
(Dermatophagoides pteronyssinus and Blomia tropicalis)

Immunological assessment (in vitro)

Phadiatop, PAU/L

0.51

Specific IgE, kUA/L:
• Lentil (f 235)
• Split pea
• Brown lentil
• Black lentil
• Red lentil
• Chickpea (f 309)
• Lupin (f 335)
• Soybean (f 14)
• Peanut (f 13)
• Other (coconut, rice, white beans, barley, wheat
and rye)

9.43
7.35
7.21
6.58
6.14
5.89
2.40
1.23
0.75
< 0.35 (negative)

NAD: no abnormalities detected; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; BD: bronchodilator; PEF: peak expiratory
flow; SPT: skin-prick test

entitled him to a lump-sum compensation benefit. Feedback on
the outcome of his claim is still awaited.

DISCUSSION

This report highlights a rare case of OR and OA due to cosensitisation to lentils and split peas, with clinical features
in keeping with a class 3 food allergy phenotype. To the best
of our knowledge, this is only the second case of OA due to
sensitisation to lentils in the workplace. Martin et al11 previously
reported a case of occupational lentil and chickpea (Cicer
arietinum) allergy in a houseman when exposed to steam from
cooking these legumes, but allergy to split pea has not been
reported. This index case appears to be the first report of
occupational sensitisation that developed following exposure to
lentil and split pea dust in a legume-packaging factory.
Other reports of legume allergy associated with OA, in order of
frequency, include multiple cases due to:
• soybean (hulls, flour, enzymes)
• gum arabic (Acacia senegal)
• guar gum (Cypamopsis tetragonolobus)
• senna (Cassia senna)
• mimosa (Acacia floribunda)
• carob bean flour (Ceratonia siliqua)
• green bean (Phaseolus multiflorus)
• chickling vetch and its flour (Lathyrus sativus)
• pea/sweet pea and its flour (Lathyrus odoratus).9
There have also been isolated case reports associated with

chickpea (Cicer arietinum), black henna (Indigofera argentea),
lentil (Lens culinaris), liquorice (Glycyrrhiza glabra), tragacanth
gum and vetch (Vicia sativa).9 In addition, case reports of OA
have been associated with leguminous woods.9 In relation to
lentil contaminants, a single case of OA caused by the lentil pest
Bruchus Lentis has also been described.12
Verma et al8 noted frequent reports of immunological crossreactivity between legumes, especially among lentils, peas,
chickpeas, soybeans, peanuts and beans. The positive specific
IgE results to chickpea, lupin, soybean and peanut in this patient
demonstrate probable cross-sensitisation. By performing ELISAinhibition studies, cross-sensitisation to these legumes could
be differentiated from co-reactivity to multiple exposures in this
setting and could serve to identify the primary putative allergen.
Lentil proteins Len C 1, Len C 2 and Len C 3 and pea proteins
Pis s 1 and Pis s 2 have been identified as relevant IgEbinding sites in ingestion-related allergy.8 Len C 1 and Pis s 1
remained relevant IgE-binding proteins in the index case with
OA, in addition to other relevant IgE-binding proteins identified
between 75–100 kDa and at approximately 25 kDa for lentils and
split peas. This specific sensitisation information may be useful
in future efforts at developing component-resolved diagnostic
methods for food-induced OA.
Risk factors for occupational sensitisation and OA development
in the food industry may be classified into host- and occupationrelated risk factors. Notable host-related risk factors include
atopy, OR and smoking (although this is not consistent) in relation
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Figure 3: SDS-PAGE analysis of lentils and split peas extracts from
the workplace of the index patient.

to various food allergen exposures.6,13–15 Although there was no
history of atopy in this case, it was confirmed by positive SPT
and Phadiatop in this patient. He developed OR, which probably
preceded the onset of OA since the initial symptoms reported
included a runny nose and sneezing, which later progressed to a
tight chest. However, he presented late and was diagnosed with
both OR and OA simultaneously. Genetic risk factors have also
been suggested,2 but this patient had no family history of allergy.
Occupational risk factors for occupational food allergy include
the nature of the allergen and its sensitising potential, the
nature of the task(s) and the level of exposure.6 Much is still
unknown about the nature and sensitising potential of lentils
and split peas as inhalational occupational allergens. At the
legume-packaging area in this factory, the risk rating of inhalant
exposure was medium for work with lentils and split peas
(Table I). The location of the index case’s workstation in that
area (Figure 1d) rendered him likely to have had a higher risk of
developing adverse respiratory health effects (Table I). Although
the time-weighted average (TWA) eight-hour total inhalable dust
levels reported by the workplace were well below the exposure
threshold for general dust according to the South African
Hazardous Chemical Substance (HCS) Regulations, this may
not be protective for a sensitised individual. Ideally, exposures
should be measured when the potential for exposure is highest,
which was not necessarily done. Dust levels in a factory may
vary day-by-day and be worse on windy days or when handling
dustier legumes and grains, and high dust levels may have
concomitant irritant effects. There may also be co- or crossreactivity to other allergens.
42

Figure 4: Western blot analysis using extracts of lentils and split peas
supplied from the workplace and the serum of the index patient.

Early diagnosis, treatment and removal from exposure are a
priority in the management of OA to improve the prognosis.4
A plateau in the improvement of specific IgE and airway
responsiveness generally occurs 1.5–2 years after removal from
exposure, but asthma can persist in a proportion of workers.
Considering the long duration between the development of his
symptoms, his diagnosis, treatment initiation and alternative
placement, it is probable that he had developed chronic
persistent asthma. Since the patient also displayed ingestionrelated symptoms, he was counselled about dietary avoidance.
Impairment assessment, rehabilitation and compensation are
important aspects to consider if the likelihood of a favourable
outcome is to be increased. The patient had difficulty achieving
symptom control despite rehabilitation in the form of alternative
placement and optimal pharmacological treatment. This
was possibly as a result of the late diagnosis and initiation of
medication. His initial impairment assessment entitled him
to a lump-sum compensation benefit only, but subsequent
assessments suggest that his asthma was more disabling. His
compensation claim was submitted approximately two years
ago, but he is still awaiting the outcome. This case also highlights
the delays in response for occupational disease claims from the
Compensation Commissioner in South Africa.
Reducing the level of workplace exposure to allergenic food and
food-related products is important if the risk of sensitisation and
the development of respiratory symptoms is to be reduced.4,16
Nevertheless, some individuals may be sensitised even with
low-level exposure.4
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The use of fans and cleaning methods involving compressed air
or sweeping at this workplace must be avoided as these methods
aerosolise dust and increase the risk of adverse health effects
in workers. Instead, vacuuming and wet cleaning methods
are encouraged. Processing cooked food instead of fresh raw
versions may be considered, provided this does not cause
unfavourable exposure to vapours and steam.3,14 Cuadrado et
al17 found that the thermal processing of lentils and chickpeas
reduced the number of IgE-binding proteins, especially after
harsh autoclaving. Appropriate PPE programmes should also
be in place.
Quantitative exposure assessments for OA commonly measure
the total inhalable dust and compare these against the OELs.2
Few internationally recognised OELs exist for food or organic
dusts compared to chemical agents.2 There is currently no
specific occupational exposure standard for legume dust.
Immunoassays to detect food allergens in dust particulates have
been developed and enable food allergen concentrations to be
quantified,2,18 but they are not yet available for this setting.

CONCLUSION

A rare case of confirmed occupational lentil and split pea
allergy with associated OA and OR is reported. The phenotype
is in keeping with class 3 food allergy. It highlights the need
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to prevent OA in the food industry. Prevention should focus
on standard exposure-assessment methods and relevant
protective exposure limits for organic dusts and/or food
allergens in the industry, and medical surveillance for individuals
in high-risk occupations. Future research needs to include
more well-conducted epidemiological studies on occupational
IgE-mediated food allergy, with a focus on the contribution of
respiratory and cutaneous routes to occupational sensitisation,
and on respiratory and cutaneous clinical manifestations. A
deeper understanding is required of the mechanism through
which most individuals with OA are able to tolerate ingestion of
the same food. Ongoing surveillance and identification of major
food allergens in the workplace should also be pursued.
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ABSTRACT

The disclosure of healthcare information to patients is essential for them to be able to make informed decisions. Nondisclosure usually comes from a place of good intention and aims to promote the patient’s good (beneficence) and
prevent harm (non-maleficence) by not disclosing grim or poor prognoses. Parents wish to shield their children from
receiving bad news, but often this is detrimental to their health. The healthcare professional has a role to advocate for
disclosure to the child, in so doing promoting the child’s developing autonomy.
Keywords: non-disclosure, healthcare information, minors

INTRODUCTION

R

espect for autonomy in healthcare entails informed decisionmaking and granting informed consent for medical procedures
and treatment. The elements of informed consent are detailed
in Table I.1 The disclosure of necessary or material healthcare
information to patients is essential for them to be able to make
informed decisions and be involved in shared decision-making
together with their healthcare professional (HCP). The information
which is disclosed is usually shared at the discretion of the HCP;
this makes access to medical information inherently unequal.2

Certain cultures believe in protecting patients from knowing the
truth about their illness or impending death.2,3 For people from
these cultures, ‘authentic decision-making in the clinical setting
is expressed in the request not to be informed and the voluntary
delegation of decision-making authority to trusted others.’2,3
In these situations, a waiver of consent must be explicit, not
inferred. Dilemmas arise when information is withheld from
patients who have not waived their right to information.2

If the information to be disclosed involves a grave diagnosis or
prognosis, the HCP may be concerned about causing anxiety
and stress and may decide against full disclosure, at least initially.
The ethical tension lies between the principles of beneficence
and non-maleficence: the benefits of disclosing information that
enhances patient understanding and self-determination against
the potential harms of worry and distress that disclosure may
cause.2 Access to knowledge of a medical condition confers a
sense of control, even if the prognosis is poor and the treatment
options are limited, and this supports disclosure.

Rarely, HCPs may believe that the disclosure of information
about a diagnosis or prognosis will cause clinically unstable
patients to suffer imminent, direct and significant harm. In these
circumstances it may be justifiable to withhold potentially harmful
information from a patient until the clinical condition stabilises
and the information can be disclosed. An HCP may ‘legitimately
withhold information based on a sound medical judgement that
divulging the information would potentially harm a depressed,
emotionally drained, or unstable patient’.1 This approach is
termed ‘therapeutic exception’ or ‘therapeutic privilege’.1,2

The disclosure of information to children must be in keeping with
their level of understanding and in their best interests, taking
their developing capacity into consideration.

THERAPEUTIC EXCEPTION OR THERAPEUTIC PRIVILEGE

It is important to ensure that the reason for non-disclosure is
potential harm to the patient and not to protect the HCP or the
family from discomfort. In such a case, the information should be

NON-DISCLOSURE

Non-disclosure aims to promote the patient’s good
(beneficence) and prevent harm (non-maleficence). Patients
have both the right to receive information and the right not to
receive it.2 Non-disclosure occurs frequently in the setting of
life-limiting illness and diseases such as cancer. Concerned
family members want to protect their loved one from bad
news, and the HCP justifies withholding information by
invoking the harm principle (non-maleficence), arguing that
disclosure would cause anxiety and distress to the patient.
A better approach is to inform the patient that the goals of
treatment need to be readjusted without taking away hope.2
44

TABLE I: THE ELEMENTS OF INFORMED CONSENT1
I.

Threshold elements (preconditions)
• Competence (to understand and decide)
• Voluntariness (in deciding)

II. Information elements
• Disclosure (of material information)
• Recommendation (of a plan)
• Understanding (of 3 and 4)
III. Consent elements
• Decision (in favour of a plan)
• Authorisation (of the chosen plan)
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disclosed to the family or a trusted surrogate and not withheld
in its entirety.2

making capacity in the healthcare setting, other considerations
also need to be taken into account.2

It is essential to determine who is being protected, whether
protection is absolutely necessary and the potential cost to the
fiduciary relationship between the HCP and the patient.

REASONS GIVEN FOR NON-DISCLOSURE TO CHILDREN

DECISION-MAKING AND MINORS

Very young children lack decision-making capacity and therefore
require to be informed only about what is going to happen to
them. As children develop capacity, they should be involved in
decision-making about their own healthcare appropriate to their
level of maturity and understanding. Giving minors a say in their
treatment encourages their cooperation and therapeutic goals
and promotes developing decision-making capacity. Medical
decisions run along a continuum from low risk to high risk, and
this should be considered when involving minors in healthcare
decision-making. It is possible, too, that the experience of
chronic or serious illness may result in more mature judgement
about treatment decisions and this should be taken seriously.
In a paediatric oncology study,4 it was found that the majority
of children older than nine years were able to understand the
prognosis of their illness and most children older than 11.5 years
were capable of making treatment decisions. By the age of 14
years the typical child demonstrated the capacity to reason,
including the ability to understand the causes and effects of
illness, in a way similar to that of an adult.4
Adolescent capacity to make autonomous decisions is
extremely variable, and what and when to disclose needs to be
considered differently with each individual patient. The challenge
in evaluating the adolescent’s capacity to make decisions
requires a consideration of the relevant factors and skills in their
appropriate context.2 This is influenced by:
• their biological and emotional maturity;
• an appreciation of cause, effect and consequence;
• patterns of decision-making and behaviour, including risk-taking;
• the formation and execution of future-oriented plans;
• control over one’s emotions;
• personal values; and
• the voluntariness of choice.2

DECISION-MAKING AND MINORS UNDER SOUTH
AFRICAN LEGISLATION

According to the Children’s Act 38 of 2005, children older than 12
years of age may consent to medical treatment, provided they
are of sufficient maturity to do so and have the mental capacity
to understand the benefits, risks, and the social and other
implications of the treatment. Moreover, children older than 12
years of age may consent to surgical treatment, provided they
are of sufficient maturity to do so and are assisted by a parent
or a legal guardian.5 This legislation was invoked when the
Department of Health stated that children older than 12 years
could independently consent to be vaccinated for Coronavirus
Disease 2019 (COVID-19).6 Many adults voiced their dismay at
the fact that children as young as 12 years of age could consent
to vaccination without any assistance from their parents.
However, we should realise that the law is a ‘crude instrument’
and makes ‘blunt distinctions necessarily based on somewhat
rigid and arbitrary standards’.2 In evaluating children’s decision-

Parental requests for non-disclosure of information to children
differ from disagreements about treatment decisions. They
range from asking the HCP not to disclose the real extent of the
medical condition to not disclosing their prognosis.7
Generally, ‘non-disclosure requests by parents come from a
place of good intent. Parents are seeking to protect their child
from fear, anxiety and a loss of hope.’7 Parents wish to shield
their child from potentially emotionally overwhelming information
arising from their disease, and HCPs usually respect these
wishes in order to preserve the working relationship with the
family and maintain family cohesion and structure – the socalled ‘stability of the family argument’.4

ARGUMENTS AGAINST NON-DISCLOSURE TO MINORS

Parents often have an exaggerated interpretation of their role
as protectors of the child. This is problematic if they block the
disclosure of relevant prognostic information to the child.
Children are sensitive to their medical reality:
The child is a spectator of the hushed whispers and
discussions among grown-ups and can ascertain that a
secret exists that is not to be discussed.
This tells us that it is more frightening to be left wondering what is
going on and why people are not talking to them – ‘fantasies are
often worse than realities’.4 Withholding information from children
may in fact increase, not alleviate their fears and anxiety.4
The child and the family benefit from disclosure information; it
promotes the therapeutic relationship and concordance with
treatment recommendations. It also provides the child with a
sense of control over their situation. Emphasis is placed on the
gradual or staged nature of prognostic disclosure rather than
on providing overwhelming information all at once. The reason
for this is that screening and selecting prognostic disclosure
information builds trust with the child and the family.4

NON-DISCLOSURE IN PRACTICE

Many examples of non-disclosure to children are described
in the literature. Most of these involve the non-disclosure of
diagnostic implications and/or the prognosis in childhood cancer
or other life-limiting diseases such as end-stage renal failure
and neurodegenerative conditions.7 The non-disclosure of
genetic diseases poses a particular dilemma for clinicians and
clinical ethicists. Furthermore, in South Africa and other African
countries, the non-disclosure of Human Immunodeficiency Virus
(HIV) status to older children and adolescents poses a real
problem.
In 2020, about 1.75 million (1.16 million–2.3 million) adolescents
between the ages of ten and 19 were living with HIV worldwide.
Adolescents account for about 5% of all people living with HIV
and about 11% of new adult HIV infections.8 To quote from the
UNICEF website: ‘In 2020 alone, 410 000 (194 000–690 000)
young people between the ages of ten to 24 were newly infected
with HIV, of whom 150 000 (44 000–310 000) were adolescents
between the ages of ten and 19. To compound this, most recent
data indicate that only 25% of adolescent girls and 17% of
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adolescent boys aged 15–19 in eastern and southern Africa – the
region most affected by HIV – have been tested for HIV in the past
12 months and received the result of their last test. If current trends
continue, hundreds of thousands more will become HIV-positive
in the coming years and, without knowing their status, these
adolescents will miss out on life-saving treatment. In addition, a
large population of children infected with HIV perinatally over the
past decade are growing into adolescence.’8
The disclosure of HIV status to older children and adolescents is
vital to improving adherence to antiretroviral therapy (ART) and
ensuring higher rates of retention in healthcare.9 Non-disclosure
occurs for several reasons, including:
• the child’s age;
• the caregiver’s concern that the child would be unable to
understand the implications of an HIV diagnosis; and
• anxiety that the child would disclose the diagnosis to other
people.10
Other studies have shown that the disclosure of children’s HIV
status causes anxiety that the parents’ HIV status will be made
known and the associated worry that they will be blamed for
infecting their children.11–13 According to McHugh, et al,
This highlights the persisting culture of silence surrounding
HIV. Caregivers may have wanted to protect the child from
stigma or alternatively had concern that the child would
disclose the diagnosis to others and subject the family to
stigma.10
But delayed or non-disclosure may negatively influence the
child’s ability to adjust to the diagnosis when they inevitably learn
about it: ‘Delayed disclosure may promote self-stigmatisation in
the child and in turn contribute to societal stigma.’10
A study among healthcare workers in the Eastern Cape revealed
that delaying disclosure of their HIV status to children was
influenced by the ‘extent of the internalised HIV stigma’ among the
caregivers.14 It was found that delayed disclosure contributed to
the children’s non-adherence to medication, led to the inadvertent
disclosure of HIV status, resulted in anger and resentment towards
the caregiver, increased the risk of secondary transmission of
HIV, and resulted in poor health outcomes.14
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As far as I can ascertain, the non-disclosure of allergy diagnosis
is not described in the literature. This may be because food
allergy and anaphylaxis are life-altering and potentially lifethreatening conditions, and it is essential for the child to be
fully informed, despite the associated stigma. However, parents
frequently do not disclose that the results of alternative ‘allergy’
testing are wrong, and that the child does not actually have a food
intolerance, leading to strange elimination diets and resultant
malnutrition (Personal communication, Dr Di Hawarden). Some
years ago, a 14-year-old girl was referred to me for an opinion
regarding her allergy test results. She had been diagnosed
with ‘avoidant/restrictive food intake disorder’ among other
psychiatric diagnoses. She had undergone tests for ‘intestinal
dysbiosis’ and an ‘IgG food intolerance analysis’ was performed,
resulting in an extremely restrictive diet and severe malnutrition.
No amount of counselling could persuade her mother that these
test results were meaningless and that the restrictive diet was
life-threatening. She simply refused to disclose this information
to her child.

CONCLUSION: DEALING WITH NON-DISCLOSURE TO
MINORS

Generally, parental requests for non-disclosure to children are
well intentioned and may be in the child’s best interests or at
least in the ‘grey zone’ and not causing harm, depending on the
circumstances and the child’s age and level of maturity. Unless
non-disclosure is considered to be detrimental to the child’s
health, the parental request should be respected, while the HCP
should continue to encourage disclosure (‘reluctantly adhering
to parental opinion’7).
The role of the HCP is to be an advocate for the child and for
disclosure, promoting the development of the child’s autonomy
and allowing the child to express their values and preferences.
Disclosure should occur gradually and draw on the experience and
expertise of the HCP and other counsellors as appropriate. Where
cultural differences exist, respectful discussion and ‘a willingness
to share, listen, and compromise’15 will often resolve the difficulty.
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Classifying hypersensitivity reactions
Shaunagh Emanuel and Di Hawarden

Our immune system is designed to protect us, but sometimes,
when it over-reacts to harmless substances, causes damaging
inflammation, or reacts against us, it can cause harm or even
death.
In 1963 Gell and Coombs classified immunologic
hypersensitivity reactions into four types according to
pathophysiology. As we have gained a better understanding
of the extraordinary workings of the immune system, this
classification has been expanded, but the foundation remains
relevant.
Dr Do-a-lot asks her students to discuss the classification of
hypersensitivity reactions.
Type I hypersensitivity reactions occur immediately
after exposure to an antigen, usually within
one hour, in a sensitised individual. The
mechanism involves crosslinking by
antigens of immunoglobulin E
(IgE) on mast cells with
subsequent degranulation
and
the
release
of
inflammatory
mediators
and vasoactive substances
into the surrounding tissues
and vessels resulting in
inflammation. There are
early phase inflammatory mediators (eg histamine, proteases,
lysosomal enzymes, prostaglandins and leukotrienes) and late
phase inflammatory mediators (eg interleukins 1, 4, 5 and
13, tumour necrosis factor alpha and granulocyte monocyte
colony-stimulating factor). Clinically we might see this type
of hypersensitivity in food allergy, insect venom allergy,
allergy to medications, allergic rhinitis, asthma and eczema,
depending on how and where the allergen exposure occurs.
Anaphylaxis is a potentially life-threatening form of this type
of hypersensitivity reaction, and often occurs as a result of
exposure to foods, insect stings or medications.
Note that mast cells may degranulate in response to direct
stimulation, independently of IgE. There are various molecules
that can directly activate mast cells, including medications
like opiates, biologic medications, autoantibodies and radiocontrast media. These reactions look clinically similar to those
caused by IgE-mediated reactions.

Type II hypersensitivity is described as
antibody-dependent cytotoxicity where cell
injury or death occurs as a result of an antigen
or hapten that is closely associated with the
cell. Again, this is an immunoglobulin driven
reaction, but this time immunoglobulins
G and M are implicated. These two
antibodies are key players in the body’s
defence against microbes, but when
their attentions are directed against
the host they can cause extensive
damage. The reaction may take hours
to days to develop. Type II reactions
are differentiated into subtypes IIa (cytolytic destruction
of targeted cells) and IIb (auto-antibody stimulation of cells
causing pathogenic states). Clinical examples of subtype
IIa include haemolytic anaemia, thrombocytopaenia and
neutropenia. Graves’ disease is an example of subtype IIb
where antibodies to the thyrotropin receptors in the thyroid
gland stimulate it to over-produce thyroid hormone resulting
in hyperthyroidism.
Type III hypersensitivity occurs as a
result of immune complexes being
deposited in vessels or tissue
which activate complement
and attract neutrophils
to the area resulting in
inflammation and tissue
damage. IgG and IgM are
key players in the immune
complex
formation,
with complement and
neutrophils inducing the
subsequent damage. Sites commonly affected include small
arteries, renal glomeruli and joints, resulting in vasculitis, skin
rash, glomerulonephritis and arthritis. The site of immune
complex deposition determines the symptoms rather than
the antigen or cell being attacked. Antigens may be self, as
in autoimmune diseases including lupus, or foreign as in
serum sickness where the antigen is an exogenous protein,
medication or small molecule. Symptoms usually appear days
to weeks after the initial exposure.
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Type IV hypersensitivity is delayed,
and instead of being antibody
mediated, it is mediated by T cells.
The activating and cytotoxic
capabilities of T cells are part
of the body’s normal defence
system,
however,
when
misdirected or over-zealous,
tissue injury occurs. Symptoms
may take days to weeks to
appear. Depending on the type
of T cell activated, and which
effector cells are recruited, the
reactions are sub-classified into four types.
• IVa: Th1 cell-mediated macrophage activation seen in Type
1 diabetes, contact dermatitis and tuberculin test reactions.
• IVb: Th2 cell-mediated eosinophilic inflammation seen in
maculopapular exanthems, drug rash with eosinophilia and
systemic symptoms (DRESS) syndrome, and eosinophilic
persistent asthma and allergic rhinitis.
• IVc: Cytotoxic T cell-mediated reactions seen in severe
exfoliative dermatoses like Stevens-Johnson syndrome (SJS),
toxic epidermal necrolysis (TEN), and bullous exanthems.
• IVd: T cell-mediated neutrophilic inflammation seen in
acute generalised exanthemous pustulosis (AGEP) and
Behçet's disease.
It is not that simple however…
Some hypersensitivity reactions are easy to recognise and
name, whilst other clinical presentations may not appear to fit
comfortably into our current classification systems. Sometimes
the categories overlap and some patients may present with
several symptoms or signs from different types of reactions
at once. Some medications, like penicillin, can induce various
types of reactions depending on the host and the immediate
physiological setting.
These complicating details can make correlating the timing,
symptoms and signs of the clinical presentation of some
hypersensitivity reactions with the pathophysiological and
immunological causes tricky.
‘Mixed drug reaction’ is a term commonly used to describe
syndromes that don’t fit neatly into the classifications.
Classifications that are not based on pathophysiology and
immune processes but on other parameters like anatomical
area affected or clinical presentation are also helpful, especially
when making a clinical evaluation.
Dr Do-a-lot presents some cases of hypersensitivity reactions
to her students to illustrate their diverse clinical manifestations:
• A runner with known bee venom allergy is stung by a bee on
her arm. There is instant pain, redness and swelling at the
sting site. Within 10 minutes she feels short of breath and
light-headed. She is treated with adrenaline, antihistamines
and corticosteroids, and she recovers. This is a typical
example of an easily recognisable immediate, IgE mediated,
Type I hypersensitivity reaction.
• A chef receives post-operative antibiotics, and after 8 days
he feels tired and notices that his urine looks dark. He is
jaundiced and pale. He has a raised lactate dehydrogenase
level and his full blood count shows a high reticulocyte
count. There are irregularly shaped red blood cells on the
48
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blood smear. He has developed a drug-induced haemolytic
anaemia. His immune system is destroying his own red
blood cells. This is an example of a Type IIa hypersensitivity
reaction where the antibiotic has triggered the immune
system to recognise his red blood cells as foreign with their
subsequent destruction.
• A student develops tachycardia, diarrhoea, malaise and
irregular menstruation. She has a thyroid goitre. Her T3 and
T4 levels are found to be raised. The TSH receptor antibody
levels are high. She has developed Graves’ Disease which
is hyperthyroidism due to circulating autoantibodies that
stimulate the thyroid gland to over-produce thyroid hormone.
In this case of Type IIb hypersensitivity the immune system is
stimulating rather than destroying ‘self’ cells.
• A gardener develops symptoms of fever, a raised, itchy rash,
and arthritis. Protein and blood are noted in her urine. History
taking reveals that she recently found a tick attached to her
ankle, and that she received an antibiotic for pharyngitis.
This could certainly be a Type III hypersensitivity reaction
with immune complexes being formed in the circulation and
seeding out in the vessel walls, joints and kidneys, but what
is the cause? Is it the protein antigen released by the tick
bite, the possible streptococcal pharyngeal infection, the
cephalosporin that she received for her pharyngitis, or a
combination of factors?
• A hiker in the USA accidentally brushes past a poison ivy
bush. She has had a brush with this plant before. Over a
period of three days she develops an itchy red rash with
vesicles that resolves spontaneously over a period of 3
weeks. This is an example of contact dermatitis which is a
delayed T cell-mediated Type IVa hypersensitivity reaction.
• An athlete takes a non-steroidal anti-inflammatory
medication for joint pain. The following day he feels feverish
and tired and later he notices that his eyes are burning. He
thinks he may have ‘caught a cold’ and takes himself off to
bed for a couple of days with more anti-inflammatories. He
notices that he has a few sores in his mouth and throat.
‘Definitely a nasty virus’, he thinks, and notifies his coach
that he won’t be at training. The following day he is admitted
to hospital with a spreading purple rash on his chest. Blisters
form on the mucous membranes of his mouth, nose, eyes
and genitals, and his skin begins to shed. He has developed
Stevens-Johnson syndrome which is a delayed Type IVc
cytotoxic T cell-mediated hypersensitivity reaction.
• A shop assistant with inflammatory bowel disease receives
a monthly injection of a biologic medication. Two days after
her regular injection the area around the site becomes
red, itchy and indurated. After several days the injection
site reaction resolves spontaneously. Two weeks later she
develops psoriatic lesions on the palms of her hands that
resolve after exfoliation without treatment. These are
reactions that present us with classification challenges.
The injection site reaction may be a delayed, Type IV, T
cell-mediated reaction. The palmer lesions are not easy to
explain within the current classification parameters. Are
they caused by the biologic medication at all?
Dr Do-a-lot and her students discuss the cases. They agree that
although there is much to learn, and that some cases are not
clinically clear-cut, it is useful to have a classification system as
a guide.
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Howdy!!

DR SPUR’S MYSTERY CASE
A mystery case as old as time
A mystery case as old as
time
specific antibodies and subsequently
vaccinated her with a polysaccharide
vaccine, Pneumovax 23®. I repeated
the S pneumoniae serotype-specific
antibodies four weeks later. She
responded with a two-fold increase to
only three of the serotypes.
Dear Dr Spur
Her T- and B-cell lymphocyte sub-sets
I would appreciate your advice on a complicated patient. This is a
were normal, with normal lymphocyte
21-year-old female who has suffered from eczema since childhood. The
eczema used to be very severe during childhood, but is presently
proliferation to the recall antigen,
more manageable with occasional flares. She currently has an
Candida. Because she suffered from
axillary abscess, which is a painful, fluctuating mass under her
left arm. She has had more than 20 abscesses over the past decade.
recurrent S aureus abscesses, I did the
neutrophil oxidative burst, which was
She has had multiple episodes of pneumonia since childhood (at least
> 10 episodes) and had a left lower lobectomy at 18 months of age.
normal, but she demonstrated reduced
She fractured her arm following minor trauma several years ago. She
neutrophil migration.
also suffers from recurrent episodes of Candida nail infections. She
has had several teeth removed and has had recurrent dental
With such elevated IgE levels one
infections.
should always consider the differential
She also said that some of her primary teeth did not erupt.
causes, including:
Atopic disease, eg Allergic diseases,
Laboratory investigations done
FBC: Significant eosinophilia (0.89 cells/uL)
Allergic Bronchopulmonary
Pus swab: Staph aureus, sensitive to methicillin
Aspergillosis (ABPA)
Elevated IgE levels: 8 676 kU/L
IgA, IgM, IgG: Normal
Parasitic infestation, eg Bilharzia and
worms
On allergy testing, she appears to be allergic to everything! Her
allergen specific IgE levels were positive for all the inhalants and
Infectious diseases, eg TB, CMV, EBV,
food tested.
HIV
Please advise on further investigation and management.
Inborn errors of immunity, eg
Kind regards
Hyper-IgE syndrome, Wiskott Aldrich
Dr Kagiso
syndrome, immunodysregulation,
polyendocrinopathy, enteropathy,
Dear Dr Kagiso
X-linked syndrome (IPEX), Omenn syndrome
Thank you for your kind referral. This is indeed a complicated
Inflammatory diseases, eg Churg-Strauss (Eosinophilic
case and she is definitely a candidate for further workup.
granulomatosis)
It is important to investigate her immune system, because she
has suffered from several severe and recurrent infections. I Neoplasms, eg Lymphoma, IgE myeloma, etc
always advise clinicians to think of me (Dr Spur) when they are Liver disease.
dealing with a patient suffering from infections. Think SPUR – Additional investigations done to exclude differential causes:
Severe, Persistent, Unusual, Recurrent infections. These should • Bilharzia serology: Negative
prompt clinicians to investigate the immune system further.
• Stool parasites: Negative
They are important warning signs of a possible underlying
• Liver functions: Normal
immunodeficiency.
I requested baseline Streptococcus pneumoniae serotype- • ANCA: Negative.
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TABLE I: HYPER-IGE SYNDROME NIH SCORING SYSTEM
CLINICAL FINDINGS

POINTS*
0

1

Highest serum—IgE
level (international
units/mL)

< 200

200 to 500

Skin abscesses

None

Pneumonia (episodes
over lifetime)

None

Parenchymal lung
anomalies

2

3

4

8

10

501
to
1 000

1 001
to
2 000

> 2 000

1 to 2

3 to 4

>4

1

2

Absent

Retained primary teeth

None

Scoliosis, maximum
curvature

< 10˚

Fractures with minor
trauma

None

Highest eosinophil
count (cells/microL)∆

> 700

Characteristic face

Absent

1

1 to 2

>2

700 to 800

> 800

Mildly
present

Present

Eczema (worst
stage)

Absent

Mild

Moderate

Severe

Upper respiratory
infections per year

1 to 2

3

4 to 6

>6

Candidiasis

None

Oral

Fingernails

Systemic

None

Severe

Absent

Present

Hyper extensibility

Absent

Present

Lymphoma

Absent

Present

Young – age

> 5 years

Pneumatocele

> 20˚

Present

< 2 SD

Bronchiectasis

15 to 20˚

Present

Absent

>3

10 to 14˚

Absent

High palate

3

>3

Absent

Increased nasal width�

7

3

Newborn rash

Fatal infection

6

2

Midline anomaly◊

Other serious infections

5

1 to 2

> 2 SD
Present
2 to 5 years

Owing to the apparent IgE sensitisation to all allergens tested
on the Immunocap, I suspected non-specific IgE-binding due
to the markedly elevated total IgE levels. This is a common
phenomenon with very high total IgE levels and does not
necessarily implicate true IgE-mediated allergy. I therefore
requested an ISAC (Immuno-solid phase allergen chip) test.
The ISAC test is a micro-array multiplex-specific IgE test that
combines clinically relevant allergen components. Non-specific
IgE-binding does not occur on the ISAC platform and the test is
specifically indicated for patients who are multi-sensitised. In
her case, the ISAC test was completely negative, confirming my
suspicion of non-specific IgE-binding on the initial allergy tests.
An inborn error of immunity was strongly suspected due
to a significant severe infection history, including Candida
infections. The history of eczema, a fracture after minor
trauma and the retention of primary teeth alluded to one
of the syndromic inborn errors of immunity, and specifically

1 to 2 years

≤ 1 year

Autosomal Dominant Hyper-IgE syndrome (AD-HIES) with a
STAT-3 gene mutation. These patients often have low or low
normal Th-17 cells. Your patient’s T-helper 17 cells were low
normal (0.4%). She also has a broad nasal bridge.
I used a Hyper-IgE NIH (National Institute of Health) scoring
system developed by Grimbacher et al in 1999 (see Table I) as
a guideline to help me make a diagnosis.
Diagnostic guidelines for Hyper IgE using the NIH scoring
system:
• Possible: IgE > 1 000 U/mL, plus a score of > 30 on the five
cardinal clinical features (recurrent pneumonia, newborn
rash, pathologic bone fractures, characteristic facies and
high palate).
• Probable: The possible criteria met plus Th-17 cells are low
to absent OR there is a family history of confirmed HIES.
• Definitive: The possible criteria plus a confirmed STAT-3
mutation.
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A probable diagnosis of AD-HIES was made because she had an
NIH score > 30 with low normal Th-17 cells. The diagnosis was
subsequently confirmed with genetic testing. A pathogenic
mutation was identified in STAT3. The STAT3 gene is associated
with Autosomal Dominant STAT3 Hyper-IgE syndrome and
Autosomal Dominant STAT3 gain-of-function.
Two forms of HIES have been described: autosomal dominant
(AD) and autosomal recessive (AR) . These two forms share
overlapping clinical and laboratory features, including eczema,
recurrent infections, skin abscesses, high IgE level and
increased eosinophil number.
AD-HIES, associated with heterozygous mutations in the
transcription factor STAT3, is classified as an Inborn error of
immunity, under the category Combined Immunodeficiencies
with associated or syndromic features. It is also known as Job
Syndrome.
Patients with AD-HIES may present with distinctive facial
features (broad nasal bridge), bacterial infections (boils,
pulmonary abscesses, pneumatoceles) due to S aureus,
pulmonary aspergillus, Pneumocystis jirovecii pneumonia,
eczema, mucocutaneous candidiasis, hyperextensible joints,
osteoporosis and bone fractures, scoliosis, retained primary
teeth and coronary and cerebral aneurysms.
Patients with AR-HIES due to DOCK8 mutation may be

distinguished from those with AD-HIES by the occurrence
of severe, recurrent viral infections caused by pathogens
such as Herpes simplex, Herpes zoster and Molluscum
contagiosum. There are other inborn errors of immunity that
may also present with very high IgE levels.
The principal goals of the management of AD-HIES are
aggressive treatment of infections and good skin care. As
patients with HIES may lack the typical inflammatory features
of infection, taking a good history, careful physical examination
and appropriate imaging are necessary to pick up infections
early.
Treatment of the skin includes bleach baths or chlorhexidine
washes and prophylactic antibiotics (eg, co-trimoxazole, which
targets S aureus). Oral antifungal agents (eg, fluconazole)
are generally effective in controlling the candidiasis, and, if
necessary, they can be used as prophylaxis. Hypertension, if
present, should be treated aggressively.
If vaccination responses are poor, it is reasonable to consider
immunoglobulin replacement therapy in those who fail to
respond. I therefore started your patient on IVIG, 600 mg/kg
monthly.
Kind regards
Dr Spur

Dr Spur’s take-home message:
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The main difference between
severe eczema and HIES is
that eczema patients have
only superficial staphylococcal
infections. HIES have significant
and systemic infections.

make a
ant to
t
r
o
p
as the
It is im
gnosis,
ia
d
ic
t
and
gene
-HIES
D
A
f
o
ent
are
treatm
-HIES
R
A
f
o
that
erent.
ly diff
e
t
le
p
com

Current Allergy & Clinical Immunology Ӏ March 2022 Ӏ Vol 35, No 1

2022/02/21 20:29

PRIMARY IMMUNODEFICIENCY DISORDERS

Dr Spur’s mystery SOLVED:
Diseases as old as time still occur … Read; the Book of Job, a case of Hyper-IgE syndrome
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CPD QUESTIONNAIRE
Earn 3 CPD points after you have read the journal by completing the following questionnaire online at www.allsa.org.
There is only one correct answer and you will have only two opportunities to submit the questionnaire, so please check
your answers carefully. A pass of 70% or higher is required to gain 3 points. This CPD activity is for paid up ALLSA
members only.

COVID-19 VACCINES: ADVERSE EVENTS FOLLOWING
IMMUNISATION
1. Choose the correct answer: Serious adverse events
following immunisation (AEFI) are defined as those that:
a. prolong an existing hospitalisation
b. cause headaches and fever
c. result in localised tenderness at the injection site
d. result in panic attacks
e. cause fatigue
2. Choose the correct answer: The following is a neurological
complication that may rarely be associated with COVID-19
vaccines:
a. Alzheimer’s disease
b. Multiple sclerosis
c. Acute transverse myelitis
d. Amyotrophic lateral sclerosis
e. Subacute sclerosing pan-encephalitis
3. Choose the correct answer: Which auto-antibodies may
be associated with vaccine-induced immune thrombotic
thrombocytopaenia (VITT) or vaccine-induced prothrombotic
immune thrombocytopaenia (VIPIT)?
a. ANCA antibodies
b. Anti-thrombin antibodies
c. Anti-factor X11 antibodies
d. Anti-PF4 antibodies
e. Lupus anticoagulant
4. Choose the correct answer: The Medical Advisory
Committee (MAC) recommended the delay of administering
the second dose of the Pfizer-BioNTech mRNA vaccine
(Comirnaty) in adolescents, due to concerns about rare
cases of:
a. Guillain Barré syndrome
b. Macular degeneration
c. Myocarditis
d. Thrombosis
e. Anaphylaxis

ALLERGIC SENSITISATION IN SOUTH AFRICA:
ALLERGY SPECIFIC IGE COMPONENT TESTING
5. Choose the correct answer: Purified natural allergens could
generate a false positive result due to the presence of
a. Cross-reactive carbohydrate determinants (CCD)
b. Lipid transfer proteins (LTP)
c. Storage proteins
d. Profilins
6. Choose the correct answer: Testing IgE antibodies to
allergen components (eg ISAC) has improved allergy

54

diagnosis and patient management by enabling clinicians to
a. Predict allergen cross-reactivity
b. Predict the severity of reactions
c. Assist in dietary avoidance advice
d. Reduce food challenges
e. Select patients for allergen immunotherapy
f. All of the above
7. Choose the correct answer: According to the study the most
common IgE inhalant sensitiser is
a. Grass pollen (Bermuda and Timothy grass)
b. House dust mite (D farinae and D pteronyssinus)
c. Dog lipocalcins (Can f 1)
d. Horse lipocalcins (Equ c 1)
8. Choose the correct answer: The major allergens in shellfish
are proteins in the muscle fibres of different species. These
proteins are resistant to heat and digestion, thus reactions
to cooked foods are possible as well as severe systemic
reactions. Please indicate the correct name for these
proteins.
a. Parvalbumin
b. Tropomyosin
c. Lipocalcins
d. Profilins

ETHICAL ISSUES WITH VACCINATION AGAINST
COVID-19
9. Choose the correct answer: Which of the following is not one
of the four principles of ethics expounded by Beauchamp
and Childress?
a. Justice
b. Autonomy
c. Respect for persons
d. Beneficence
10. Choose the correct answer: Which one of the following
statements regarding willingness of the South Africa adult
population to have the COVID-19 vaccine, in a recent
survey, is correct?
a. 64% indicated they would definitely or probably have the
vaccine
b. 19% indicated they would definitely or probably not take
the vaccine
c. 17% of adults did not know
d. None of the above
11. Choose the correct answer: Which one of the following
statements regarding issues that need to be evaluated when
there is consideration of introducing mandatory COVID-19
vaccination is not correct?
a. Necessity and proportionality
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b. Evidence of vaccine efficacy and effectiveness
c. Sufficient and reliable vaccine supplies
d. None of the above
12. Choose the correct answer: The following factors regarding
the potential for introducing COVID-19 passports is correct,
except?
a. It is a more restrictive means of COVID-19 preventative
measures than lockdown
b. There could be an earlier return to normal life
c. It could allow opening up of the economy in certain
sectors
d. Both the public and the medical fraternity are divided
about the benefits

OCCUPATIONAL RHINITIS AND ASTHMA DUE TO
LENTIL AND SPLIT PEA ALLERGY IN A FOOD-HANDLER

c. Vacuuming and wet cleaning
d. Spray buffing
e. Stripping and sealing

NON-DISCLOSURE OF HEALTHCARE INFORMATION TO
MINORS
17. Choose the correct answer: A 10-year-old boy with newly
diagnosed acute lymphoblastic leukaemia (ALL) is admitted
to the paediatric oncology service. At this age, he should be
able to:
a. Understand the prognosis of his illness
b. Make treatment decisions on his own
c. Understand the causes and effects of ALL, at the same
comprehension level as an adult
d. He will be unable to participate in any decision making
about his illness

13. Choose the correct answer: Class 3 food allergy usually
affects adults in the workplace and primarily follows:
a. Contact with food allergens through a disrupted skin
barrier
b. Inhalation of aerosolised food allergens
c. Ingestion of food allergens
d. Exposure to cross-reactive allergens in ingested food

18. Choose the correct answer: An argument for non-disclosure
of bad news to patients invokes which of the following ethical
principles?
a. Respect for autonomy
b. Fidelity
c. Non-maleficence
d. Justice

14. Choose the correct answer: Risk factors for occupational
asthma due to legumes in this case study include:
a. Atopy and occupational rhinitis
b. Smoking
c. Gender
d. Genetic factors and family history of allergy

19. Choose the correct answer: An HCP decides to withhold
potentially harmful information from an unstable patient until
the clinical condition stabilises. This is termed:
a. Therapeutic exception
b. Therapeutic misconception
c. Therapeutic exclusion
d. Therapeutic omission

15. Choose the INCORRECT answer:
a. LenC1, LenC2 and LenC3 are important IgE-binding
sites for lentils
b. Cross-reactivity among legumes is an important
consideration in the investigation of occupational food
allergy
c. Thermal processing of lentils and chickpeas may reduce
the number of IgE-binding sites
d. Occupational legume allergy is frequently reported, but
not well understood
16. Choose the correct answer: Appropriate cleaning methods
to reduce the level of aerosolised dust in the workplace
include:
		a. Use of compressed air
b. Sweeping and high dusting

20. Choose the correct answer: According to the Children’s Act
No. 38 of 2005, at what age may children consent to medical
treatment, including COVID-19 vaccination?
a. Older than 11 years
b. Older than 12 years
c. Older than 14 years
d. Older than 16 years
21. Choose the correct answer: Which of the following ethical
principles best supports disclosure of a cancer diagnosis
and prognosis to a 12-year-old child?
a. Respect for autonomy
b. Beneficence
c. Non-maleficence
d. Justice
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