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Abstract

To date, four vaccines have been authorised for emergency use and under conditional approval by the European Medicines
Agency to prevent COVID-19: Comirnaty, COVID-19 Vaccine Janssen, Spikevax (previously COVID-19 Vaccine Moderna)
and Vaxzevria (previously COVID-19 Vaccine AstraZeneca). Although the benefit-risk profile of these vaccines was proven
to be largely favourable in the general population, evidence in special cohorts initially excluded from the pivotal trials, such as
pregnant and breastfeeding women, children/adolescents, immunocompromised people and persons with a history of allergy
or previous SARS-CoV-2 infection, is still limited. In this narrative review, we critically overview pre- and post-marketing
evidence on the potential benefits and risks of marketed COVID-19 vaccines in the above-mentioned special cohorts. In
addition, we summarise the recommendations of the scientific societies and regulatory agencies about COVID-19 primary
prevention in the same vaccinee categories.

1 Introduction

Evidence on the benefit-risk profile of COVID-19 vac-
cines in special cohorts, such as pregnant and breastfeed-
ing women, children/adolescents, immunocompromised
people, and persons with a history of allergy or previous
SARS-CoV-2 infection, is still limited.

To date, four COVID-19 vaccines have been authorised for
emergency use in Europe starting from December 2020:
the COVID-19 m-RNA vaccines Comirnaty (developed
by Pfizer/Biontech) and Spikevax (previously COVID-19
Vaccine Moderna) and the COVID-19 viral vector vac-
cines COVID-19 Vaccine Janssen and Vaxzevria (previ-

ously COVID-19 Vaccine AstraZeneca). This has happened
incredibly fast as a result of a collective effort by regula-
tory agencies, pharmaceutical companies and the scientific
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Due to the higher risk of SARS-CoV-2 infection and
severe COVID-19, vaccination is currently recom-
mended in these special cohorts. COVID-19 vaccination
for children and adolescents is still debated.

Ongoing large-scale studies will provide clinically rel-
evant data in the frailest populations to better inform the
worldwide COVID-19 vaccination campaign.
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community. However, all the COVID-19 vaccines have been
approved on the basis of a so-called conditional approval.
For this reason, vaccine effectiveness and safety will be
closely monitored in the post-marketing real-world setting,
and vaccine manufacturers have been requested to provide
more comprehensive data for additional re-evaluation of the
vaccine benefit-risk profile by regulatory agencies.

Overall, COVID-19 vaccines have been shown to be
highly effective and safe in the general population [1-4].
However, data on efficacy and safety may vary across dif-
ferent categories, based on the underlying risk of developing
SARS-CoV-2 infection and severe COVID-19, as well as
the likelihood of experiencing adverse reactions following
immunisation. The aim of this narrative review is to criti-
cally summarise pre- and post-marketing evidence on poten-
tial benefits and risks of marketed COVID-19 vaccines in
special cohorts that have not been included in initial pivotal
clinical trials, such as pregnant and breastfeeding women,
children/adolescents, immunocompromised people, and
persons with a history of allergy or previous SARS-CoV-2
infection. In addition, an overview of scientific societies’
and regulatory agencies’ recommendations about COVID-19
vaccines in those categories is provided.

2 Evidence of Benefits and Risks
of COVID-19 Vaccines in Special Cohorts

For each cohort under study, we explored information on the
pre-marketing evidence of COVID-19 vaccine benefit-risk
profile by searching ongoing studies registered in Clini-
calTrials.gov until July 22, 2021 (Table 1) as well revising
pivotal clinical trials. In addition, MEDLINE and Google
Scholar databases were searched to identify observational
studies, case series and case reports concerning effective-
ness and risks associated with COVID-19 vaccines in special
cohorts from the post-marketing setting. Finally, websites of
the most important international/national scientific socie-
ties and regulatory agencies have been explored to identify
recommendations on COVID-19 vaccination in the above-
mentioned categories of people. We searched terms related
to COVID-19 vaccines, pregnant/lactating women, children/
adolescents, immunocompromised, allergy and SARS-
CoV-2 infection.

2.1 Children and Adolescents

2.1.1 Epidemiology of SARS-CoV-2 Infection

The initial studies conducted during the first wave of the
COVID-19 pandemic suggested that children and ado-

lescents could be less susceptible to SARS-CoV-2 infec-
tion compared with adults [5]. In Vo’ (Veneto, Italy),
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nasopharyngeal swabs carried out during two separate sur-
veys on 85.9% and 71.5% of the population, respectively,
did not identify SARS-CoV-2-infected cases among the
234 tested children aged 0-10 years, including those liv-
ing with infected family members, in line with other stud-
ies conducted at that time [6—8]. The measured cumulative
incidence per 1000 children aged 0-9 years in three Ital-
ian regions initially hard hit by the pandemic (Lombardy,
Emilia-Romagna and Veneto) was lower compared with
the rest of the population [9]. Preliminary results of a sero-
prevalence study of IgG against SARS-CoV-2 in Italy, car-
ried out between May 25, 2020, and July 15, 2020, on a
sample of 64,660 people, highlighted that the lowest value
was found in the age class 0-5 years (1.3%) [10]. Moreover,
early reports showed that only a small proportion of COVID-
19 cases were among children and adolescents (aged 0—18
years), with an incidence that increased with rising age:
as of July 2020, of all cases of COVID-19 reported in the
European Union/European Economic Area (EU/EEA) and
United Kingdom (UK), only 4% were children/adolescents,
of which 24% were in those under 5 years of age, 32%
between 5 and 11 years and 44% between 12 and 18 years
[11, 12]. These figures have been the basis of different vac-
cination policies scaled up, starting from the end of 2020;
for example, in the UK, vaccination is offered to all healthy
adolescents aged >16 years, and children aged > 12 years if
they have an underlying condition that makes them high risk
for severe COVID-19 [13]. However, a more recent study
on primary and secondary school attendees emphasises that
there could be no difference in terms of infection incidence
among age groups, even if evidence is far from being defini-
tive [14]. This observation could be explained considering
that, especially during the ‘first wave’ of the pandemic from
February to May 2020, SARS-CoV-2-positive children could
have been underrepresented as they are more likely to have
asymptomatic or mild infection, with better overall outcomes
than adults. The most frequent symptoms in children are
cough, fever and fatigue, but also atypical symptoms such as
vomiting and diarrhoea are common; anosmia and ageusia
are mainly referred to in pre-adolescents and adolescents, as
younger children are often unable to describe these kinds of
symptoms [15-17]. Children and adolescents are also much
less likely to be hospitalised or have fatal outcomes [15,
17]. As of July 17, 2021, the cumulative rates of laboratory-
confirmed COVID-19-associated hospitalisations in the US
were 62.8 per 100,000 in the age class 0—4 years, 21.3 in the
age class 5-11 years and 59.2 in the age class 1217 years,
while in the population aged 18 years and older, the cumula-
tive rate was 732.2 per 100,000 [18].

Furthermore, pre-existing medical conditions have been
suggested as a risk factor for severe disease and intensive
care unit (ICU) admission in children and adolescents [19].
As compared with children and adolescents, infants and
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neonates have been shown to be more vulnerable to severe
COVID-19 disease [20]. In addition, over the course of the
pandemic, a rare paediatric multisystem inflammatory syn-
drome temporally associated with SARS-CoV-2 infection
(PIMS-TS), defined as multisystem inflammatory syndrome
in children (MIS-C) by the World Health Organization
(WHO), has been reported. This condition includes differ-
ent types of clinical manifestations such as Kawasaki-like
symptoms and life-threatening shock [21].

Despite the asymptomatic or very mild symptomatic dis-
ease in children and adolescents, their role in transmission is
not yet fully clarified. Transmission potential was shown in
both children and adolescents, but children aged 0-9 years
seem to be less likely to transmit the infection to a household
member compared with adults, while adolescents seem to
exhibit a higher potential [22]. Further research is needed
to better understand transmission dynamics in the younger
age classes.

During the different phases of the pandemic waves, and
through the adoption of different testing strategies (e.g. test-
ing asymptomatic individuals and population screening), the
easing of mitigation measures (specifically the reopening of
schools) could be linked to the increase in COVID-19 cases
among children and adolescents as a result of the improved
case ascertainment. In Italy, the rate of cases in children
and adolescents increased from 1.8% during the lockdown
(March—May 2020) to 8.5% during the post-lockdown phase
(June—September 2020) [23]. Although children and ado-
lescents still account for a minority of cases, an increased
proportion of reported cases has been observed also in other
EU/EAA countries, especially since January 2021 [24]. In
addition, to fully understand the epidemiology of SARS-
CoV-2 infection in children and adolescents, it is essential to
take into account the changing context due to the emergence
of variants of concern that usually show a greater transmis-
sibility across all age groups. A study conducted in the con-
text of high prevalence of the Alpha (B.1.1.7) variant found
no evidence of more severe disease in children and young
people, suggesting that severe acute respiratory COVID-19
still represents an uncommon circumstance in children and
young people [25]. Considering the rapid spreading of the
Delta (B.1.617.2) variant that has become prevalent in all
European countries, even more transmissible than previous
strains, the high risk of concentrated circulation in the pae-
diatric and adolescent population less covered by the vaccine
campaigns should not be overlooked.

2.1.2 Pre-Marketing Evidence

Only a few data on safety and efficacy of COVID-19 vac-
cines in children and adolescents have been published so
far, while more than 20 trials on 15 different vaccines are
ongoing (Table 1).

The paediatric population is usually enrolled in clini-
cal trials after evidence of a positive benefit-risk profile in
adults and this is the case with some of the COVID-19 vac-
cines, which have been firstly tested on adults (from 16 years
old) and then further extended to lower ages.

Results of a pivotal trial including 2260 participants aged
between 12 and 15 years led to the approval of Comirnaty,
the first approved COVID-19 vaccine in Western countries
for individuals aged < 16 years. It demonstrated non-inferi-
ority compared with results in younger adults, both in terms
of antibody titres and infection rate, as well as a reassur-
ing safety profile (< 0.4% of study participants experienced
severe but rapidly solved vaccine-related adverse events after
the first or second dose) [26]. In July 2021, the European
Medicines Agency (EMA) also granted an extension of indi-
cation for the COVID-19 vaccine Spikevax in children aged
between 12 and 17 years [27].

Results of a pre-marketing study on adolescents and chil-
dren are also available in the literature for CoronaVac (by
Sinovac). This is a whole, inactivated vaccine currently mar-
keted by many Asian, Southern American and African coun-
tries for adults. The vaccine has also been approved for use
in younger people in some of these regions (first approved by
China and Indonesia) [28]. The key trial recruited about 500
subjects and found 93% of seroconversion after the second
dose, with better results for the higher dose group. Only
two cases of grade 3 adverse events ascribed to vaccination
were observed [29]. All published data only represent results
from ad-interim analysis since the follow-up is planned to
continue for up to 1-2 years.

Children/adolescents aged under 16 years are usually
involved in phase II trials, with a few exceptions, with aged
12 years and older being the most frequently represented age
class; some studies also enrolled participants starting from 6
months of age. Randomised placebo-controlled trial is a very
frequent design. The assessment of adverse events is the
most frequently listed primary outcome in all trials, followed
by short-term antibody titre detection (either neutraliser only
or also anti-S). In a few studies, a follow-up of 1-2 years is
planned, and clinical efficacy (incidence of severe COVID-
19 symptoms) is also included among secondary outcomes.

2.1.3 Post-Marketing Evidence

The post-approval phase will be particularly critical in the
overall risk—benefit assessment of COVID-19 vaccines for
children/adolescents. On one hand, vaccine effectiveness in
the pre-marketing evaluation was assessed through ‘immu-
nobridging’, namely inferring from immunogenicity data
from older populations. Specifically, the primary basis for
the establishment of efficacy in 12- to 15-year-old adoles-
cents was a neutralizing antibody response that was found
to be non-inferior to that in vaccine recipients 16 years of
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age or older, for whom efficacy had been shown [26]. On the
other hand, safety data were only obtained through 1 month
of follow-up after dose 2 for some participants, thus making
proactive vaccinovigilance pivotal for the actual real-time
appraisal of tolerability and effectiveness of COVID-19 vac-
cines in this ‘paediatric cohort’.

As regards safety assessment, establishing background
rates of adverse events of special interest (AESI) [30] by age,
sex and race/ethnicity is critical to understand and identify
real vaccine-related safety signals, including neurological,
autoimmune and cardiovascular disorders [31]. These back-
ground rate data on 26 AESIs have been collected within
the EMA-funded ACCESS (vACcine Covid-19 monitoring
ReadinESS) project [32].

Myocarditis/pericarditis was recognised as a rare com-
plication of COVID-19 mRNA vaccinations, especially in
young adult and adolescent males. According to the Cent-
ers for Disease Control and Prevention (CDC), myocarditis/
pericarditis reporting rates are approximately 12.6 cases
per million doses for the second dose of an mRNA vac-
cine among 12- to 39-year-olds, with higher reporting rates
among males aged 12—17 years and those aged 18—24 years
(62.8 and 50.5 reported myocarditis cases per million second
doses of mRNA COVID-19 vaccine administered, respec-
tively) [33]. Based on the latest comprehensive review, also
collecting published cases reports, patients with myocardi-
tis invariably presented with chest pain, usually 2-3 days
after a second dose of mRNA vaccination, and had elevated
cardiac troponin levels, with ST segment elevations on the
electrocardiogram in most of the cases, and cardiac magnetic
resonance imaging (MRI) suggestive of myocarditis in all
tested patients [34]. Monitoring of myocarditis/pericardi-
tis events in such a population is crucial and identifying
these conditions promptly is necessary to avoid unnecessary
and expensive investigation in these patients. However, its
pathophysiology has not been determined yet and the causal
association between the mRNA vaccines and myocarditis is
still unknown.

In one case, a cardiomyopathy gene panel was negative,
but autoantibody levels against certain self-antigens and fre-
quency of natural killer cells were increased. The reasons for
male predominance in myocarditis cases are unknown, but
sex hormone differences in immune response and myocar-
ditis, as well as potential under-diagnosis of cardiac disease
in women should be explored. While various underlying
mechanisms have been hypothesised, almost all cases were
reversible with or without treatment; in addition to support-
ive care, nonsteroidal anti-inflammatory drugs, steroids,
and colchicine were used in some of the patients. A few
patients were treated with intravenous immunoglobulin and
acetylsalicylic acid, and some were initiated on B-blocker
and angiotensin-converting enzyme inhibitor therapy due to
left ventricular systolic dysfunction. As an initial evaluation,
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electrocardiogram cardiac troponin level should be obtained
(plus inflammatory markers), with cardiology consultation
and evaluation though echocardiography and cardiac MRI
in suspected cases.

2.1.4 Recommendation for COVID-19 Vaccination

As mentioned above, based on the positive evaluation of
the available safety and efficacy data for this population,
Comirnaty approval for use was expanded to young adoles-
cents (12—15 years) by the Food and Drug Administration
(FDA) on May 10, 2021 [26], and later on by the EMA on
May 28, 2021 [35]. On July 23, 2021, EMA’s human medi-
cines committee (CHMP) also recommended an extension
of indication for Spikevax to include use in children aged
12-17 years [27].

However, debate exists about the actual benefit—risk
profile of COVID-19 vaccines in children/adolescents,
with some experts pointing out several critical issues to be
specifically considered in the paediatric population. First,
COVID-19 complications, such as hospitalisation, severe
illness and death, as well as SARS-CoV-2 infection suscep-
tibility are significantly lower in children/adolescents than in
adults [5]. As such, COVID-19 vaccinations may have less
direct protective effects in the paediatric population than in
adults, with marginal benefits in protecting others, especially
people at higher risk, who have already been immunised [36,
37]. Second, some believe that as there are currently very
few (long-term) safety data available in this population, it
is difficult for policymakers to make informed decisions on
whether children should receive COVID-19 vaccines.

On the contrary, other authors promote the vaccine
uptake in adolescents, as quickly and equitably as possible,
by underlying the increasing evidence on the potential role
of vaccination to protect the whole society, including older
adults, and to decrease household transmission of SARS-
CoV-2 infection. Current evidence suggests that short-term
severe consequences of COVID-19 are considerably less
common in children than in older adults, and in children
the risk of long-term COVID-19 negative effects (i.e. long
covid, multisystem inflammatory, or Kawasaki disease) is
greater than potential risks associated with COVID-19 vac-
cination [38—41].

The US CDC recommends everyone 12 years and older
should get a COVID-19 vaccination, to help protect against
COVID-19, as a critical strategy to stop the pandemic. The
agency also supports the co-administration of COVID-19
vaccines and other routine paediatric vaccines [42].

As the course of COVID-19 disease is typically milder in
healthy adolescents, the European Centre for Disease Pre-
vention and Control (ECDC) recommends giving priority
in COVID-19 vaccination to older age groups before target-
ing adolescents. Another recommendation is prioritizing the
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vaccine uptake for teenagers that are at high risk of severe
COVID-19 in the same way as for all people at high risk
of severe disease in other age groups. To support further
decision making on vaccination of adolescents, the need
for continuous monitoring of the spread of variants among
younger individuals and assessment of the long-term effects
of COVID-19 has been also highlighted by ECDC [43].

The Medicines and Healthcare products Regulatory
Agency (MHRA) evaluated emerging cases of rare but
serious adverse events following the use of mRNA vac-
cines reported from the UK and other countries, including
myocarditis and pericarditis, predominantly in young male
adults. Accordingly, recommendations from the UK Joint
Committee on Vaccines and Immunisation (JCVI) advise
that only children and young people aged 12 years of age and
older with specific underlying health conditions for which
they are considered at increased risk for serious COVID-19,
such as severe neuro-disabilities, Down’s syndrome, immu-
nosuppression, and severe learning disabilities, should be
offered COVID-19 vaccination [13].

Another issue is that worldwide laws require parental
permission for vaccination, by presuming that parents (or
guardians) would make a decision in the best interest of their
children. Nevertheless, parents and minors might disagree
about healthcare intervention, mainly in the context of this
pandemic, where adolescents and some older children may
have a different perceptions of risk and benefits of COVID-
19 vaccination than their parents. Accordingly, some authors
suggested an age grouping for minor permission rules (i.e.
younger than 12 years, aged 12—14 years, and aged 15-17
years, according to their ability to judge the intervention) to
support states in the recognition of the minors to consent to
COVID-19 vaccination even without parental permission
[44].

2.2 Pregnant and Lactating Women
2.2.1 Epidemiology of SARS-CoV-2 Infection

Over the course of the COVID-19 pandemic, publications
on COVID-19 in pregnancy drastically increased, from indi-
vidual case reports and case series to observational studies
and systematic reviews [45]. Based on the current knowl-
edge, pregnant women do not seem to be at higher risk of
becoming infected with SARS-CoV-2, that is, they do not
seem to be more susceptible to the virus than people who
are not pregnant in the same context [46].

However, it has been recently shown that pregnant women
are at higher risk for severe illness from COVID-19, once
infected. According to the CDC, in the period from January
2020 to July 2021, a total of 101,710 pregnant women were
diagnosed with COVID-19 in the US, of whom 448 (0.44%)
were admitted to an ICU and 114 (0.11%) died (mostly

among ethnic minorities, i.e. non-White) [47]. Moreover,
in a study of about 400,000 women aged 1544 years with
symptomatic COVID-19, compared with non-pregnant
women, pregnant women were more likely to be admitted
to an ICU, receive invasive ventilation and extracorporeal
membrane oxygenation (ECMO), and had 70% increased
risk of death [48]. This is in line with a series of reports
published during the last months of 2020 [45].

Regarding perinatal outcomes following SARS-CoV-2
infection, several reports of miscarriage and stillbirth were
published [49, 50], as well as pathological findings such
as placentitis [51] and placenta thrombosis [52]. Premature
births have been shown to be more common in SARS-CoV-
2-positive mothers and their newborns are more likely to be
admitted to the neonatal care unit [45]. A significant asso-
ciation of preeclampsia, gestational diabetes and low birth
weight and SARS-CoV-2 infection in pregnant women was
also identified [53].

Consistently, mothers’ mental health is also at risk:
women who are pregnant during the pandemic are signifi-
cantly more stressed and worried than before [54] and they
may develop symptoms of post-traumatic stress disorder,
particularly if previously suffering from anxiety or depres-
sion [55].

2.2.2 Pre-Marketing Evidence

Pregnant and breastfeeding women were not included in
any pre-marketing trial for COVID-19 vaccines, so pre-
marketing evidence on these categories is not available so
far. Preclinical studies of animals receiving a COVID-19
vaccine before or during pregnancy did not raise any safety
concerns [56].

The first vaccine trial in pregnant women began in Febru-
ary 2021 (ClinicalTrials.gov identifier NCT04754594). It
is an ongoing phase II/III randomised, placebo-controlled,
observer-blinded study of 700 healthy pregnant women, 18
years of age or older, vaccinated during 2434 weeks of ges-
tation. The study will evaluate safety, tolerability and immu-
nogenicity of two doses of Comirnaty vs placebo, adminis-
tered 21 days apart. The study will also assess the transfer
of potentially protective antibodies to infants, who will be
monitored for safety through approximately 6 months of age.

A phase II clinical study is also planned, but not yet
recruiting, to evaluate safety, reactogenicity and immuno-
genicity of COVID-19 Vaccine Janssen in healthy pregnant
participants (NCT04765384).

2.2.3 Post-Marketing Evidence
In the absence of pre-marketing data, post-marketing evi-

dence of efficacy and safety of COVID-19 vaccines in preg-
nancy is of paramount importance.
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A retrospective cohort study conducted in Israel, using
a large registry of 15,060 pregnant women, reported an
adjusted hazard ratio for SARS-CoV-2 infection of 0.22
(95% CI10.11-0.43) with Comirnaty vaccination versus non-
vaccination [57], highlighting the protective effect of the
vaccine against SARS-CoV-2 infection in vaccinated versus
unvaccinated pregnant women.

In an observational study of 122 pregnant women (gesta-
tional age 35-41 weeks), COVID-19 mRNA vaccines were
found to induce a robust maternal immune response, with
transplacental antibody transfer detectable in cord blood as
early as 16 days after the first dose [58], thus suggesting
protection of the newborn.

A cohort study of 131 reproductive-age vaccine recipi-
ents (84 pregnant, 31 lactating and 16 nonpregnant women)
showed that vaccine-induced antibody titres were equivalent
in pregnant and lactating women compared with nonpreg-
nant women and also the presence of antibodies in breast-
milk of women immunised with COVID-19 mRNA vac-
cines. Moreover, no safety issue emerged from this study
[59].

Consistently, a prospective cohort study of 84 breastfeed-
ing women who received COVID-19 mRNA vaccine found
robust secretion of SARS-CoV-2-specific immunoglobulin
(Ig) A and IgG antibodies in breast milk for 6 weeks after
vaccination. Antibodies found in breast milk showed strong
neutralizing effects, suggesting a potential protective effect
against infection in the infant [60].

In addition, a number of US [61] and European active
pharmacovigilance projects and registries on COVID-19
vaccine safety during pregnancy and breastfeeding are
ongoing. Preliminary findings from the v-safe registry
did not show safety signals among pregnant women who
received COVID-19 mRNA vaccines; among 3958 partici-
pants, 115 (13.9%) resulted in a pregnancy loss [62]. Even
if not directly comparable, proportions of adverse preg-
nancy events were similar to those from studies conducted
before the COVID-19 pandemic [62]. Indeed, according
to the American College of Obstetricians and Gynecolo-
gists (ACOG), in the general population, the frequency of
clinically recognised early pregnancy loss for women aged
between 20 and 30 years is 9—17%, and it sharply increases
with increasing age (up to 80% at 45 years of age) [63].

2.2.4 Recommendation for COVID-19 Vaccination

Although not always explicitly recommended, COVID-19
vaccination is currently indicated in pregnancy and breast-
feeding by most scientific societies and regulatory agencies,
including the ACOG [64], the Royal College of Obstetri-
cians and Gynaecologists (RCOG) [65], the Royal Australian
and New Zealand College of Obstetricians and Gynaecolo-
gists (RANZCOG) [66], CDC [56] and the Italian Society of
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Obstetrics and Gynaecology (SIGO) [67]. WHO currently
recommends vaccination in pregnant women “when the ben-
efits of vaccination to the pregnant woman outweigh the
potential risks” (e.g. women at high risk of exposure or at
high risk of developing severe COVID-19, such as having
comorbidities), while recommends vaccination in breast-
feeding women as in other adults [68].

There is currently no preference for the use of one
COVID-19 vaccine over another; however, pregnant women
aged < 18 years are currently only eligible to receive Comir-
naty or Spikevax because only mRNA vaccines are author-
ised for people aged under 18 years.

COVID-19 vaccines have not been studied in breastfeed-
ing women but, based on their mechanism of action, cur-
rently available vaccines are thought not to carry any risk
to lactating women or their breastfeeding babies. Therefore,
there is no need to avoid initiation or discontinue breastfeed-
ing in patients who receive a COVID-19 vaccine.

Finally, for those attempting to become pregnant, there
is no evidence that COVID-19 vaccines affect fertility, and
vaccination should not be postponed [69].

The limited evidence on the use of COVID-19 vaccines in
pregnancy and breastfeeding highlights the need for further
studies on this topic.

2.3 Immunocompromised Patients
2.3.1 Epidemiology of SARS-CoV-2 Infection

Evidence on COVID-19 in a wide range of immunocompro-
mised patients is rapidly increasing.

A number of observational studies have documented
that patients with solid tumours [70, 71] or hematologic
malignancies [72-75], solid organ transplant recipients
[76], hematopoietic cell transplant recipients [77] and
patients with human immunodeficiency virus (HIV) and
primary immunodeficiency are at higher risk of develop-
ing COVID-19-related severe outcomes [78, 79]. A recent
systematic review and meta-analysis of both experimental
and observational studies showed that in patients with auto-
immune diseases the risk of COVID-19 was significantly
higher than in control patients (odds ratio 2.19, 95% CI
1.05-4.58; p = 0.038) [80]. Concerning drugs used to treat
such diseases, chronic use of glucocorticoids (especially
at high doses), but not disease-modifying anti-rheumatic
drugs (DMARD:s), have been associated with a substantially
higher risk of severe COVID-19-related outcomes [80-82].
Conversely, evidence on the effects of antineoplastic chem-
otherapy on COVID-19 outcomes is controversial; while
one observational study showed that recent chemotherapy
treatment (i.e. therapy administered within 1 month before
testing positive for SARS-CoV-2 infection) was not associ-
ated with adverse COVID-19 outcomes [83], a more recent
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observational study documented that recent chemotherapy
was associated with higher COVID-19 severity and 30-day
mortality [84].

2.3.2 Pre-Marketing Evidence

Overall, six ongoing clinical trials aimed to assess COVID-
19 vaccines’ immunogenicity and safety in immunocompro-
mised patients were identified. Of these, one was a phase II
clinical trial (NCT04847050), two were phase III clinical
trials (NCT04806113; NCT04805125), two were phase IV
clinical trials (NCT04780659; NCT04754698) and one was
not specified (NCT04794946). Two of these trials concerned
two vaccines not authorised in the European Union—Cov-
ishield (NCT04794946) and CoronaVac (NCT04754698).
Overall, 4927 immunocompromised patients are expected
to be enrolled in those ongoing clinical trials from the
US, Europe, South America and India (NCT04847050;
NCT04780659; NCT04754698; NCT04794946). In addi-
tion, 651 immunocompromised patients have been enrolled
in clinical trials that are ongoing in Canada and Switzerland
(NCT04806113; NCT04805125). First results are expected
starting from 2022.

2.3.3 Post-Marketing Evidence

Due to high risk of severe SARS-CoV-2 infection, immuno-
compromised patients have been prioritised for COVID-19
vaccination, especially in Western countries, where they are
almost fully vaccinated at this time. The lack of pre-mar-
keting evidence in these patients signals the need for urgent
real-world evidence generation of a vaccine benefit-risk
profile in immunocompromised patients.

An increasing body of evidence coming from real-world
studies shows that COVID-19 vaccination with Comirnaty
vaccine in transplant recipients is associated with impaired
responses.

An observational study conducted by Boyarsky et al.
found that among 658 solid organ transplant (i.e. kidney,
lung, pancreas, heart, liver) recipients, 301 (46%) had no
antibody response following dose 1 or 2 of SARS-CoV-2
mRNA vaccines [85]. Also, a reduced seroconversion rate
was observed after one vaccination dose in patients with
haematological cancer [86], kidney transplant [87, 88] and
patients treated with immunosuppressants [86, 89]; thus, the
advice is not to delay the second dose beyond 21 days from
the first vaccination dose [90].

A reduced immune response was also observed after two
doses of COVID-19 vaccine in patients with solid and hae-
matological cancer [91, 92] and in transplant recipients [93].
Moreover, an observational study of 40 vaccinated kidney
transplant recipients showed that, after the second dose of

Comirnaty, none of the vaccinees developed comparable
IgG titres to healthy controls [94]. Similarly, a real-world
study comparing the antibody responses of 48 vaccinated
lung transplant recipients with 33 lung transplant recipients
with prior SARS-CoV-2 infection reported that none of the
vaccinees tested after two doses of Comirnaty developed
anti-SARS-CoV-2 IgG, while 85% of patients with history of
SARS-CoV-2 infection presented an antibody response [95].

Immunosuppressant therapy in solid organ transplant
recipients is a key factor inhibiting the humoral response
to the COVID-19 vaccine. Furthermore, real-world data
concerning vaccinated dialysis patients suggest that in
these patients the post-vaccination humoral response may
be delayed and/or reduced by several factors related to the
uremic condition [96].

2.3.4 Recommendation for COVID-19 Vaccination

Although evidence on safety and efficacy of COVID-19 vac-
cines in immunocompromised patients is still sparse, the use
of COVID-19 vaccines in this category of patients is recom-
mended due to the high risk of having severe SARS-CoV-2
infection [97-100]. Considering evidence on the reduced
effectiveness of COVID-19 vaccines in immunocompro-
mised patients, the administration of a third dose is being
considered [101, 102]; accordingly, two ongoing clinical
trials are currently investigating the efficacy and safety of a
third dose in these patients (NCT04895982; NCT04885907).
On the other hand, an observational study showed that, as
compared with the first dose of Comirnaty and Vaxzevria,
the second dose was associated with an increased effective-
ness (73%, 95% CI 33.9-89.0 and 74.6%, 95% CI 18.7-92.1,
respectively) in immunocompromised people [103], thus
questioning the real need for a third dose within a short
interval.

In addition, immunosuppressive drug use could affect
the production of neutralizing antibodies [104], thus some
scientific societies suggested that the timing of adminis-
tration of some immunosuppressive drugs (e.g. rituximab
and abatacept) should be rescheduled to maximise vaccine
response [105—-107]. For instance, in patients on chronic
treatment with rituximab, the first dose of a COVID-19
vaccine should be given 4 weeks before the next scheduled
rituximab cycle; after the second vaccination dose, if disease
is well controlled, rituximab treatment should be delayed for
2-4 weeks. In the case of subcutaneous chronic treatment
with abatacept, patients should discontinue treatment 1 week
before and 1 week after the first vaccination dose; instead, in
patients receiving intravenous abatacept, the first vaccination
dose should be administered 4 weeks after abatacept infu-
sion, while subsequent abatacept infusion should be delayed
by 1 week.
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2.4 Patients with History of Allergy
2.4.1 Epidemiology of SARS-CoV-2 Infection

Allergic diseases include food allergies, rhinitis, conjuncti-
vitis, angioedema, urticaria, eczema, eosinophilic disorders,
drug/biological agent hypersensitivity, insect allergies, occu-
pational allergies and asthma [108, 109]. The World Allergy
Organization estimates that between 10 and 40% of both
adults and children have at least one of these allergic dis-
eases [109], with asthma alone affecting 262 million people
in 2019 and 461,000 deaths globally [110].

It is still not clear whether allergic diseases are associ-
ated with a higher risk of testing positive for SARS-CoV-2
or severe clinical outcomes from COVID-19, as most of
the allergic diseases were not considered during the stud-
ies conducted on patients affected by COVID-19 and their
comorbidity-related risks. In this regard, asthma is the aller-
gic disease for which there are currently more data in the
literature. A systematic review and meta-analysis based on
119 studies including a total of 403,392 cases showed that
patients with COVID-19 had a pooled prevalence of asthma
similar to that of the general population (8.3% vs 4.3-8.6%,
respectively) and, therefore, asthma may not be associated
with an increased risk of COVID-19. The meta-analysis
was conducted in 116 of the 119 included studies and did
not show a higher risk of poor COVID-19-related outcomes
[111].

Regarding other types of allergies, a Korean cohort study
of 219,959 patients found that individuals affected by aller-
gic rhinitis were more likely to test positive for SARS-CoV-2
(adjusted OR 1.18; 95% CI 1.11-1.25) and have worse
COVID-19-related clinical outcomes, such as intensive care
admission or death (adjusted OR 1.27; 95% CI 1.00-1.64).
Conversely, those with atopic dermatitis were not identified
to be at higher risk of susceptibility to SARS-CoV-2 infec-
tion or severe clinical outcomes [112].

2.4.2 Pre-Marketing Evidence

Only few cases of severe allergic reactions or anaphylaxis to
COVID-19 vaccines have been reported in the pre-marketing
studies. This is not surprising considering the overall very
low incidence of anaphylaxis and, more importantly, the
exclusion of individuals with a history of severe hypersen-
sitivity reactions in most pre-marketing studies. Specifically,
patients with previous history of severe allergic reactions
associated with any vaccine and subjects with severe aller-
gic reaction to any component of COVID-19 vaccine were
excluded from the Comirnaty pivotal trial (NCT04368728);
the latter were also excluded from the Spikevax pivotal trial
(NCTO04283461). In general, history of allergy (anaphy-
laxis) was listed as the main exclusion criterion in all the
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protocols of the pivotal clinical trials for the vaccines cur-
rently approved by EMA as of July 28, 2021. Only one ongo-
ing clinical trial (NCT04761822) on COVID-19 vaccines
was identified that includes people with history of allergy
and aims to assess systemic allergic reactions to COVID-19
mRNA vaccines in such a population.

2.4.3 Post-Marketing Evidence

On December 8, 2020, the UK initiated vaccination with
Comirnaty and two women developed immediate anaphy-
laxis within 24 h. After the review of additional data, on
December 30, 2020, the MHRA included a contraindication
of use in people with previous history of allergic reactions
to the ingredients of the vaccine, but not in those with any
other allergies [113].

As for the incidence of allergic reaction after COVID-19
vaccine administration, a first CDC report of the US Vac-
cine Adverse Event Reporting System (VAERS) database
reported 21 cases of anaphylaxis out of 1,893,360 first doses
(estimated rate of 11.1 cases per million doses administered)
of Comirnaty during December 14-23, 2020. Around 70%
of vaccinees experiencing anaphylaxis had symptom onset
within 15 minutes from vaccination [114].

Similarly, the CDC showed that 10 cases of anaphylaxis
were reported after administration of the Spikevax vaccine
during the period December 21, 2020 to January 10, 2021,
resulting in a rate of 2.5 cases per million doses administered
[115].

An updated analysis of VAERS through January 18, 2021,
reported rates of 4.7 and 2.5 cases of anaphylaxis per million
doses administered of Comirnaty and Spikevax, respectively
[116]. A recent observational study based on self-reported
data showed a rate of severe reactions consistent with ana-
phylaxis, defined according to the Brighton criteria, follow-
ing COVID-19 vaccination corresponding to 2.47 per 10,000
doses. Specifically, 10 (63%) and 5 (31%) of the 16 subjects
experiencing anaphylaxis had previous history of allergy and
anaphylactic reactions, respectively [117].

Following the extended use of COVID-19 vaccines
worldwide, several cases of severe allergic reactions, in
particular with mRNA vaccines, were collected through
spontaneous reporting systems, and the US FDA and EMA
introduced, as a contraindication to use of mRNA vaccines,
a past history of hypersensitivity (e.g. anaphylaxis) to any
component of these vaccines. In any case, a second dose of
the COVID-19 vaccines should not be given to those who
have experienced anaphylaxis or severe allergic reactions
to the first dose. A recent multicentre observational study
conducted in the US by Krantz et al. corroborates the safety
of the second dose of mRNA COVID-19 vaccines in sub-
jects who reported immediate suspected allergic reactions
after the first dose (except for subjects with severe allergic



COVID-19 Vaccination in Special Populations

1261

reactions and/or evidence of IgE-mediated allergy), based
on a previous allergist assessment [118].

A debate about the potential increase of risk of severe
allergic or anaphylactic reactions following COVID-19 vac-
cination among individuals with a history of allergy has been
raised in the scientific community. At first, the enhanced
surveillance of over one million doses of the vaccine in the
UK and North America found no evidence of an increased
risk of anaphylaxis in those with prior severe but unrelated
allergic reactions [119].

Among the 66 case reports of anaphylaxis received in
US VAERS from December 14, 2020, to January 18, 2021
[116], 21 (32%) mentioned a prior episode of anaphylaxis
and 52 (79%) included a documented history of allergies or
allergic reactions derived from exposures to other substances
(e.g. other vaccines, contrast media, sulfa drugs, penicillin,
prochlorperazine, latex, walnuts, unspecified tree nuts, jel-
lyfish stings, etc.). Most anaphylaxis cases had symptom
onset within 30 min of vaccination and occurred in women.

More research is needed to identify the cause of the
potentially increased rate of anaphylaxis to COVID-19 vac-
cines, but polyethylene glycol (PEG) 2000, an excipient
used to cover the lipid nanoparticles (LNSs) that contain
the mRNA in the COVID-19 mRNA vaccines, is deemed
to be the possible culprit of anaphylactic reactions [120].

Although the mechanism of PEG-induced hypersensitiv-
ity is not exactly clear, IgE, IgM and IgG antibodies against
PEGs are believed to be involved in this immune reaction.
It has been demonstrated how the different PEG types are
not all equally capable of causing allergic reactions, while
the risk appears to be dependent on molecular weight, route
of administration (i.e. intramuscular or intravenous route) as
well as cross reactivity with polysorbate [121, 122].

2.4.4 Recommendation for COVID-19 Vaccination

Public Health England (PHE) and CDC, in accordance with
The American College of Allergy, Asthma and Immunol-
ogy (ACAAI) and the European Academy of Allergy and
Clinical Immunology (EAACI), currently recommend that
everyone should be offered COVID-19 vaccination unless
there is a suspect or confirmed allergy to a component in the
COVID-19 vaccines for which a detailed assessment from a
specialist/allergologist may be required [123-126]. Moreo-
ver, those with history of anaphylaxis following the first dose
of any COVID-19 vaccine are advised not to receive a sec-
ond dose of the same vaccine, and a specialist’s evaluation
should be recommended [124].

Due to the rarity of severe allergic reactions to COVID-19
vaccination and the not yet elucidated mechanisms underly-
ing those adverse reactions, diagnostic procedures to predict
allergic reactions to COVID-19 vaccines are not consist-
ently recommended [120, 127]. Because of the hypothesis

of a potential contribution of PEG in allergic reactions
to COVID-19 mRNA vaccines, some individuals may be
offered skin testing for PEG sensitisation before vaccina-
tion [120].

Nevertheless, according to a recent systematic review
of several clinical guidelines, testing for PEG sensitisation
should not be done routinely, as its sensitivity/specificity
is not yet known and the evidence regarding the potential
of the testing in predicting severe allergic reactions is low.
Generally, allergic patients should get vaccinated in a setting
in which the health-care provider is trained to manage any
potential life-threatening event and where life-saving devices
and drugs (such as epinephrine) are immediately available.
Moreover, vaccinees should be routinely observed for at
least 15 min and for a longer observation time in vaccinees
with history of severe allergy. Some individuals, such as
those with mast cell disorders and with uncontrolled asthma,
are advised to receive the vaccine only within a hospital
setting for safety purposes. Furthermore, these individuals
may be advised to take premedication such as antihistamines
before getting vaccinated [128]. However, there is paucity
of evidence that antihistamines or corticosteroids pre-med-
ication can actually prevent anaphylaxis [129].

2.5 Patients with History of COVID-19
2.5.1 Epidemiology of SARS-CoV-2 Reinfection

A population-based study of 525,339 subjects who received
a swab during the first wave of the COVID-19 pandemic
of 2020 with 11,707 positives, reported reinfection in 72
subjects during the second wave, compared with 16,819
positive subjects in the second wave out of 514,271 who
were negative in the first wave (rate ratio [RR] 0.65; 95% CI
0.51-0.82) [130]. The estimated protection from infection
after about 6 months is 80.5% (95% CI 75.4-84.5). However,
protection drops to 47.1% (95% CI 24.7-62.8) in subjects
over the age of 65 years. Of note, there are no relevant dif-
ferences in gender or in the duration of protection over time
(3—6 months vs > 7 months).

These results sparked a debate on the advisability of vac-
cinating subjects with a previous history of SARS-CoV-2
infection on the basis of an individual and population
risk—benefit profile that should take into account several var-
iables. There are some questions that require urgent answers
to guide clinical decisions.

In the first place, it is feared that the protection in subjects
immunised from the disease is shorter than that obtained
with vaccination, although reassuring information are avail-
able for the short term.

Secondly, the duration of immunity linked to the infec-
tion seemed to vary with age. In elderly subjects, a dose
of the vaccine after recovery from the disease, although it
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is not clear in what timeframe, could guarantee important
benefits, even without a second dose. In others, there are
no appreciable benefits from vaccination and therefore the
vaccination-related risks should be avoided.

Third, the findings of the above-mentioned studies are
related to periods in which the currently dominant SARS-
CoV-2 variants did not circulate; as such, it is possible that
the benefit of vaccination in a subject with immunity gained
from previous infection with a specific SARS-CoV-2 variant
changes in relation to the spread of different variants of the
virus becoming dominant. Finally, it is not certain that the
benefit received from the different vaccines (e.g. viral vec-
tor or mRNA) is the same. Many of these questions will be
answered in ongoing post-authorisation studies.

2.5.2 Pre-Marketing Evidence

In all pre-marketing studies of all COVID-19 vaccines, the
history of previous COVID-19 infection is listed among
the main exclusion criteria. Only one ongoing clinical trial
(NCT04824638) on COVID-19 vaccines aiming to assess
the level of response of a single dose of Comirnaty in people
with previous SARS-CoV-2 infection was identified.

2.5.3 Post-Marketing Evidence

Studies conducted on laboratory endpoints seem to con-
firm the benefits of a single dose in subjects with previ-
ous COVID-19. A recently published study described 63
COVID-19 convalescent subjects, of whom 23 (43%) had
received one or two doses of an approved mRNA vaccine
[131]. In unvaccinated subjects, antibody reactivity to the
receptor binding domain (RBD) of SARS-CoV-2, neutral-
izing activity and the number of RBD-specific memory B
cells remain relatively stable between 6 and 12 months after
infection. In vaccinated subjects, there was an increase in
all components of the humoral response and neutralizing
activity against the variant of concern similar or superior
to those observed against the original Wuhan Hu-1 strain
obtained with vaccination.

Subsequent studies have not only confirmed these
findings but have also documented that the improvement
of immunisation in patients with history of COVID-19
obtained with the second dose is negligible compared with
that obtained with a single dose [132, 133]. Other studies
conducted in India and the UK showed that the observed
benefits of mRNA vaccines in convalescent subjects are
similar, even with a single administration of a viral vector
vaccine [134, 135].

Studies conducted on clinical outcomes are scarce. A
study recently published as a pre-print [136] evaluated re-
infection in a cohort of 52,238 Cleveland healthcare work-
ers (vaccinated and unvaccinated with authorised mRNA
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vaccines). Among these, 2539 had previous SARS-CoV-2
infection. In a Cox proportional hazards regression model,
vaccination was associated with a significantly lower risk
of SARS-CoV-2 infection among those not previously
infected (hazard ratio [HR] 0.031; 95% CI 0.015-0.061)
but not among those previously infected (none of the 1359
previously infected subjects who remained unvaccinated had
a SARS-CoV-2 infection over the subsequent 6 months).
This result seems to suggest that, at least in the short term,
the protection offered against re-infection by the immunity
developed by the infection itself is sufficient and does not
benefit from vaccination. However, the risk of re-infection
as well as COVID-19-related severe outcomes in relation to
vaccination should also be evaluated in the long term.

To our knowledge, only one study [137] provided
COVID-19 vaccine safety data in convalescent COVID-
19 subjects. This study, conducted in Saudi Arabia in 510
vaccinated subjects (75% with Spikevax and 25% with
Comirnaty) with a mean age of 25 years, did not observe
statistically significant differences in the occurrence of
adverse events following vaccination in subjects with prior
COVID-19 infection as compared with subjects without
prior infection.

2.5.4 Recommendation for COVID-19 Vaccination

There is a large body of evidence that people who have been
infected with SARS-CoV-2 can benefit from vaccination,
prompting the WHO and other public health agencies to
recommend that such individuals be vaccinated. Some coun-
tries such as France, Germany and Italy recommend the use
of a single dose of the vaccine in people with a previous
SARS-CoV-2 infection (unless immunocompromised) in a
defined timeframe in relation to the timing of the infection.
This decision has probably also been influenced by the need
to optimize the supply of vaccine, which could be intermit-
tently available. In the US, where the vaccine is relatively
abundant, two doses are recommended for those with prior
SARS-CoV-2 infection [138].

3 COVID-19 Vaccines Post-Marketing
Surveillance

The development of the new COVID-19 vaccines has been
an example of the pandemic paradigm with overlapping
phases, with shorter development time and faster assessment
by regulatory agencies [139], while fulfilling all the require-
ments for efficacy and safety. However, some categories of
people were initially excluded from pivotal clinical trials
(e.g. pregnant women, children/adolescents and patients
with allergy).
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The lack of pre-marketing evidence concerning the four
COVID-19 vaccines authorised in Europe makes the role
of spontaneous reporting of suspected adverse reactions to
vaccines even more important to better understand the actual
benefit/risk profile in a broader range of vaccinees. Active
surveillance is pivotal to fully appreciate the tolerability pro-
file in the real world [140]. In fact, numerous post-marketing
surveillance programmes for COVID-19 vaccines have been
funded both nationally and internationally.

A collaborative registry is advisable, as well as an active
safety monitoring programme such as v-safe, a smartphone-
based tool promoted by CDC, or the COVID Symptom
Study app in the UK developed by health data company ZOE
Global, proving particularly useful to collect real-world data
on solicited events [141]. The assessment of efficacy and
safety of vaccines in fragile subjects is also one of the aims
of the ORCHESTRA project, which was mainly funded to
follow long-term consequences of SARS-CoV-2 infections
[142].

Likewise, the EMA funded an active pharmacovigilance
project called ‘Covid Vaccine Monitor’ [143], preceded
by other preparatory projects such as Early Covid Vaccine
Monitor and Access, which is aimed at monitoring vac-
cine-related adverse reactions in several European coun-
tries, using a web-based app developed by the Netherlands
pharmacovigilance centre Lareb. One of the main tasks of
this project is to monitor the benefits and risks of different
marketed COVID-19 vaccines through prospective web-
based data collection in special cohorts (pregnant and lac-
tating women, children/adolescents, immunocompromised,
patients with a history of allergy and patients with previous
SARS-CoV-2 infection) from eight European countries. The
study protocol can be found on the European Network of
Centres for Pharmacoepidemiology and Pharmacovigilance
(ENCePP) website (register number: EUPAS42504).

Italy is participating in a large multidisciplinary network
named ‘ilmiovaccinocovid19 collaborating group’, involv-
ing around 30 different centres including regional centres
for pharmacovigilance, academic centres, public hospitals,
local health units, scientific societies and representatives of
patient associations, to help recruit vaccines in the moni-
toring programme through the use of the Italian version of
the web-based app developed by Lareb (available at https://
www.ilmiovaccinocovid19.it).

4 Conclusions

Overall, the pre- and post-marketing evidence (whenever
available) on the benefit-risk profile of currently EU-mar-
keted COVID-19 vaccines on frailer populations or catego-
ries not included in pre-marketing trials is reassuring and

in line with recommendations from scientific societies and
regulatory agencies.

In addition to routine pharmacovigilance activities, in
the near future, ongoing large-scale international prospec-
tive studies will provide clinically relevant data overall and
more importantly in the frailest populations (e.g. pregnant
and lactating women, children and adolescents, etc.) to
better inform the worldwide COVID-19 vaccination cam-
paign. Furthermore, although the COVID-19 pandemic
concerns all countries around the world, significant differ-
ences in terms of vaccination rates and evidence generated
on COVID-19 vaccination among developed and developing
countries still exist.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-021-01131-6.
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