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Summary
Background The vaccines against the coronavirus
disease 2019 (COVID-19) approved in the European
Union represent a decisive step in the fight against
the pandemic. The application of these available
vaccines to patients with pre-existing immunological
conditions leads to a multitude of questions regard-
ing efficacy, side effects and the necessary patient
information.
Results This review article provides insight into mech-
anisms of action of the currently available severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccines and summarises the current state of science
as well as expert recommendations regarding toler-
ability of the vaccines. In addition, the potential to
develop protective immune responses is determined.
A special focus is given on patients under immuno-
suppression or in treatment with immunomodulatory
drugs. Special groups of the population such as
children, pregnant women and the elderly are also
considered.
Conclusion Despite the need for a patient-specific
risk–benefit assessment, the consensus among ex-
perts is that patients with immunological diseases in
particular benefit from the induced immune protec-
tion after COVID-19 vaccination and do not have an
increased risk of side effects.
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DVR Association for Reproductive Biology
and Medicine
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cies
INR “International Normalized Ratio” (lab-
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in children
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immune thrombocytopenia
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General information on COVID-19 vaccinations

The novel severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), the trigger of COVID-19,
has led to over 120 million ill patients and nearly
2.7 million deaths by the time of writing this review
(16 March 2021). The primary interest of the global
community is therefore to prevent further morbid-
ity and mortality associated with COVID-19 [1]. To
achieve this goal, effective vaccination against the
novel virus is an essential strategy to maintain health
services and public life while reducing social con-
straints [2]. In the context of COVID-19 vaccination,
there are four vaccination objectives. Most impor-
tant is (a) the prevention of severe COVID-19 courses
and deaths. In addition, (b) the protection of persons
with a particularly high, work-related risk of infection,
(c) the prevention of disease transmission and (d) the
maintenance of public life [3].

Currently available COVID-19 vaccines and their
principles of action

According to information from theWorld Health Orga-
nization (WHO), which is updated twice a week, a total
of 81 COVID-19 vaccines are in clinical development
and a further 182 are in a preclinical development
phase as of 16 March 2021 (Table 1; [4]).

Every vaccination against infectious diseases aims
in principle to induce both humoral and cellular im-
munity against the vaccinated antigen(s) of the re-
spective pathogen to ensure immediate recognition

and protection by the immune system of the vac-
cinated person upon pathogen contact. Either the
whole pathogen or parts of the virus, which are neces-
sary for the invasion of the pathogens into body cells,
can be used. If toxins are produced by the respective
pathogens and are relevant for the disease, they can
also be used for vaccination.

The mRNA-based SARS-CoV-2 vaccines BNT162b2
(Corminaty®, Pfizer/BioNTech, Pfizer Inc, New York
City, NY, US and Biontech SE, Mainz Germany) and
mRNA-1273 (COVID-19 Vaccine Moderna ®, Moderna
Inc. Cambridge, MA, US) break new ground regarding
the delivery of the vaccine antigens. The mRNA-based
vaccines do not deliver the antigen against which an
immune response is mounted (surface protein of
SARS-CoV-2), but the blueprint (the mRNA) for the
production of the target protein. Muscle cells are the
primary cells to take up the mRNA. Dendritic cells are
also involved in the presentation of the antigen, with
the advantage that they migrate to the regional lymph
nodes and induce the immune response there. The
target cells produce the viral antigen based on the in-
formation of the mRNA by rewriting it into the amino
acid sequence of the protein structure. The generated
protein becomes visible to the immune system of the
vaccinated person as a surface protein on the cells.
The immune system recognises the surface protein of
the SARS-CoV-2 as foreign and mounts an immune
response. This consists of both specific antibodies
and a specific cellular defence reaction. The decisive
step is that degradation products of the proteins are
presented to T-cells in the form of peptides. These
cells are strongly activated by these foreign peptides
leading to an increased number of activated T cells
and enables the T cells to recognise and kill virus-
infected cells. Furthermore, activated T cells support
the antibody-producing B cells by cytokine release.

As a result of the immune response, the body of
the vaccinated person learns to defend itself against
the infectious SARS-CoV-2 pathogen even in the case
of exposure and to prevent a COVID-19 illness or to
reduce its severity.

Due to the rapid degradation of the mRNA, it has to
be packed in a protective envelope to ensure uptake
into the body’s cells (the transfection). This is accom-
plished with the help of liposomes. The composition
of the mRNA-transporting and -protecting liposomes
has been continuously improved in recent years, mak-
ing it possible today to produce well working mRNA-
based vaccines. Since both, the liposomes and the
mRNA, can disintegrate very easily, these vaccines
have to be stored at very low temperatures (–20°C
(mRNA-1273) to –70°C (BNT162b2)) between produc-
tion and use in humans, which involves considerable
logistical effort and costly storage and distribution ne-
cessities.

The vaccine ChAdOx1-S, synonymously AZD1222
(Vaxzevria®, AstraZeneca, Cambridge, UK), the vac-
cine Ad26.COV2.S (COVID-19 Vaccine Janssen, John-
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Table 1 COVID-19 vaccines in clinical development ac-
cording to WHOa (as of 16 March 2021) [4]
Vaccine manufacturing platforms Number of vaccine candidates

Protein subunit 27

Viral vector (non-replicating) 12

DNA 11

Inactivated virus 10

RNA 10

Viral vector (replicating) 4

“Virus like particles” 3

VVr+ antigen-presenting cell 2

Live-attenuated virus 1

VVnr+ antigen presenting cell 1
aWHO World Health Organisation, VVr viral vector (replicating), VVnr viral
vector (non-replicating)

son & Johnson, New Brunswick, NJ, US) and the
vaccine Gam-COVID-Vac (rAd26-S and rAd5-S; rAd,
recombinant adenovirus-based; known as Sputnik V,
Gamaleja Institute, Moscow, Russia) are also new vac-
cine classes, so-called virus vector vaccines. They
are based on harmless human or monkey viruses
being no longer able to replicate, but can still infect
cells. The information for the SARS-CoV-2 surface
protein is introduced into the susceptible body cells,
which express the SARS-CoV-2 surface protein on the
cell surface leading to an activation of the immune
system. The adenovirus-based vector vaccines can
be stored in a refrigerator at 4 °C for several months
without losing effectiveness.

One general disadvantage of virus vector vaccines is
that they cannot be used to vaccinate several times, as
the vaccinee forms neutralising antibodies against the
vector itself. This means that booster vaccinations are
reduced or not at all effective. This is not a problem
with the vaccine Ad26COV2.S, which only has to be
administered once. If booster vaccinations are neces-
sary, an alternative strategy is applied using for the ini-
tial immunisation vector virus type A and for a booster
the heterologous vector vaccine type B. This has al-
ready become a reality in the randomized, placebo-
controlled study with Gam-COVID-Vac (rAd26-S and
rAd5-S) [5].

A traditional technology in the production of vac-
cines is the use of inactivated pathogens. For the pro-
duction of these vaccines, the pathogens are inacti-
vated by chemical or physical action, ensuring that
they cannot replicate or can only replicate to a lim-
ited extent and are no longer infectious for immuno-
competent persons. There are currently a total of
10 vaccine candidates against SARS-CoV-2 based on
this technology. Among them is CoronaVac (Sino-
vac Biotech, Beijing, China, the vaccine that received
emergency approval in China in summer 2020. In
phase II studies having now been published, the vac-
cine shows good efficacy and good tolerability [6, 7].
Further phase III studies have not yet been published.

The subunit vaccination technology, which has
already been widely and very successfully used for
a long time in the context of vaccinations against other
dangerous infectious diseases (such as hepatitis B and
influenza), is used to produce the SARS-CoV-2 vac-
cine “full-length recombinant SARS-CoV-2 glycopro-
tein nanoparticle vaccine adjuvanted with Matrix M”
(synonym NVX-CoV2373; Novavax, Gaithersburg, MA,
US). The SARS-CoV-2 surface protein, which is im-
portant for SARS-CoV-2 infection, is produced re-
combinantly, purified and, and inoculated mixed
with appropriate adjuvants. In subunit vaccines com-
pletely harmless antigens are injected into the body.
In the body, the protein is recognised as foreign by
immune cells, triggering the immune response. The
advantage of subunit vaccines is that a substance
defined on a molecular basis is used with the actual
foreign antigen. Subunit vaccines can be vaccinated
repeatedly without limiting vaccination effect (see
hepatitis B vaccines), but usually require adjuvants as
active ingredient boosters.

Vaccinations are, thus, intended to teach the im-
mune system to prevent the disease or, ideally, the
infection. In addition to safety, the immunogenicity
and efficacy are also tested in the approval studies.

Information on vaccination schedules

Most vaccinations requiremultiple doses in the course
of primary immunisations, either to achieve the high-
est possible level of immunity or to allow individuals
who have not responded sufficiently to a single dose
to renew the immune response. After primary immu-
nization, the number of possible additional doses of
a vaccination series can be influenced by certain risk
factors such as age or immunosuppression. Accord-
ing to current knowledge and approval, the COVID-
19 vaccines approved to date require two partial vac-
cinations in order to achieve the most pronounced
immunity possible, although the duration of the vac-
cine protection is currently not known. With regard
to further booster vaccinations, there are currently
no concrete recommendations for the approved vac-
cines. The duration of immunogenicity and protec-
tion is currently being tested by the manufacturers in
ongoing studies.

The recommended interval between the two initial
vaccinations with the BNT162b2 vaccine is 21 days
(19–42 days). After only one injection, protection
against the SARS-CoV-2 virus can be expected in
52.4% of cases (short-term protection starts around
day 10), increasing to 95% after the 2nd vaccination
[8]. For the mRNA-1273 vaccine, the recommended
interval is 28 days (21–42 days), with a protection
rate of 80.2% after the 1st injection and 94% after
the 2nd injection [9]. In animal experiments, a sharp
drop in virus-neutralising antibodies was observed
approximately 28 days after the first injection of
mRNA vaccinations against SARS-CoV-2. An increase
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in antibodies could be strongly stimulated by a 2nd
vaccination [10]. An extension of the interval be-
tween the two BNT162b2 vaccine doses for up to
42 days (6 weeks) is generally considered permissible
for WHO in the case of supply shortage [11]. In order
to ensure maximum effectiveness, it is nevertheless
recommended to adhere as closely as possible to the
vaccination schedule recommended by the manufac-
turer.

According to the latest results, the vector-based
vaccine AZD1222 has an efficacy of 94% after the
1st vaccination (prevention of hospitalisation) [12].
The registration data revealed a 64.1% efficacy after
only 1 injection and 70.4% after the 2nd vaccination
[13]. Better vaccination results were observed with
longer intervals, which is the reason for the 11 to
12 weeks interval between the two vaccinations cur-
rently recommended [14, 15].

The vaccine Ad26COV2.S, which was approved in
the EU on 11 March and can be stored at normal re-
frigerator temperatures, shows a good protective ef-
fect in more than 90% of the study participants al-
ready after a single dose according to first published
data [16]. According to press releases from the manu-
facturer, there was also a good protective effect against
COVID-19 in the phase 3 study (ENSEMBLE) [17]. In
South Africa, however, where the SARS-CoV-2 vari-
ant B.1.351 dominated, the protective effect was re-
duced. Publication of these data in a scientific journal
is still pending.

Due to the current lack of data from clinical trials,
it is not recommended to combine different vaccines.
Based on promising murine data, it is currently being
tested to performbooster vaccinations with a different
vaccine after the first vaccination with one vaccine. It
remains to be seen whether improved clinical efficacy
can be achieved.

The COVID-19 vaccination in everyday clinical
practice

In patients with a history of COVID-19 disease

Due to the different reactivity patterns in individual
patients, a general conclusion on the time period of
protection against a re-infection after a COVID-19 in-
fection is currently not possible. Initial studies pre-
dicted sustained immune protection after infection,
based on the presence of memory B cells producing
virus-specific antibody subclasses other than IgM [18].
Furthermore, the presence of antigen-specific B and
T cells 6 to 8 months after infection is considered
as indicative of an existing virus-specific immune re-
sponse [19–24]. This is in contrast to other studies
reporting a rapid decrease in IgA antibody titers af-
ter natural infection [25]. The protective effect of the
antibodies produced during a natural infection seems
to correlate with the amount of antibodies (antibody
titer in the blood). In turn, the extent of antibody

production correlates with the severity of the disease
[26, 27]. It is recommended to get vaccinated even
after having been infected with COVID-19. Current
studies do not indicate that vaccination is problem-
atic or associated with more side effects after a pre-
vious infection. According to the recommendations
of the Austrian National Vaccination Committee, an
interval of 6 to 8 months is recommended between
a previous SARS-CoV-2 infection and the COVID-19
vaccinations. Due to shortage of vaccine, those per-
sons, who do not yet have an immunity, should be
vaccinated first [28]. If a SARS-CoV-2 infection occurs
after administration of the first vaccine dose, the Per-
manent Vaccination Commission of the Robert Koch
Institute and the Austrian National Vaccination Com-
mittee currently recommend that the second injection
be administered sixmonths after recovery or diagnosis
[3, 28]. Vaccination is not recommended in patients
suffering from active symptoms of COVID-19 disease
or being tested positive for SARS-CoV-2. However, it
is not recommended to test for COVID-19 antibodies
prior to vaccination, as these tests currently do not
provide sufficient information regarding immunity.

In context of allergy and autoimmunity

The risk for IgE-mediated severe vaccine side effects
due to anaphylaxis as well as precautions measures
and anaphylaxis management are discussed in the
mini-review “Answers to burning questions for clinical
allergologists related to the new COVID-19 vaccines”.
In case of an allergic/anaphylactic reaction after the
administration of the COVID-19 vaccine as well as for
a small population at higher risk for an anaphylactic
reaction, an allergological work-up is recommended
before the first vaccination [29–31].

Large studies have reported the development of au-
toantibodies after COVID-19, which were also shown
to be associated with disease severity [32–34]. The
observed neurological impairment in COVID-19 [35]
has been linked to both a direct effect of SARS-CoV-2
on neurons and to autoimmune mechanisms [36].
A higher number of peripheral neuropathies (Guil-
lain–Barré syndrome) and polyneuropathies with as-
sociated muscle denervation are observed in SARS-
CoV-2 patients [37], which could be part of Long-
COVID [34, 38]. Autoimmune haematological phe-
nomena such as thrombocytopenic purpura or au-
toimmune haemolytic anaemia were also observed
in SARS-CoV-2 patients [39]. A Danish population
study showed a more severe course in patients with
pre-existing autoimmune diseases, especially under
systemic steroid therapy [40]. In a study with mono-
clonal antibodies against the spike protein, a reac-
tion with 55 different tissues was reported due to
epitope similarities of the SARS-CoV-2 protein with
mitochondrial antigen M2, F-actin and thyroid per-
oxidase. Furthermore, cross-reactivity with retinal
pigment epithelial surface transport proteins has
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been predicted, currently without clinical evidence,
which should be further monitored with regard to
autoimmune retinopathy [41]. While initially women
in particular were concerned about reduced fertility
after SARS-CoV-2 [42], which has also led to vaccina-
tion anxiety, there are now initial reports that male
fertility might be impaired after SARS-CoV-2 infection
due to autoimmunity and impaired spermatogenesis
[43]. This is due to reports of SARS-CoV-2 receptor
expression on tissues of the female and male genital
tract [44]. However, there is no evidence that there is
a risk in connection with the vaccinations, which is
why vaccination is clearly recommended, especially
in those who wish to have children [28, 45].

Although concerns have also been raised about
COVID-19 vaccination in the general population due
to these observed autoimmunity reactions associated
with SARS-CoV-2 disease, it has be clearly stated that
there is no evidence to date that the vaccines might
lead to autoimmune reactions.

In childhood, a hyperinflammatory syndrome
(PIMS-TS, “paediatric inflammatory multisystem syn-
drome temporally related to SARS-CoV-2”; MIS-C,
“multisystem inflammatory syndrome in children”)
has been observed in the context of SARS-CoV-2
infections, which clinically resembles the Kawasaki
syndrome [46]. Clinical trials for SARS-CoV-2 vacci-
nation in children and adolescents will therefore pay
special attention to related side effects.

In patients on immunomodulatory drugs

COVID-19 vaccination is also generally recommended
for patients on immunosuppressive and immunomod-
ulatory therapy, regardless of their mode of action
[28]. This includes, among others, patients with au-
toimmune diseases and after transplantation [47]. In
general, live vaccines should not be used in these
patients [48, 49]. The currently licensed SARS-CoV-2
vaccines are not live vaccines. From the current
perspective, it is unclear whether patients with au-
toimmune diseases under therapies show differences
in tolerability and/or efficacy between an mRNA-
and a vector-based vaccine. As of 23 February 2021,
the Austrian National Vaccination Committee recom-
mends the use of a mRNA-based vaccine in high-risk
patients, including patients on immunosuppressive
therapy and biologics, if available [28]. Recommenda-
tions on optimised timing of COVID-19 vaccination
schedule in relation to the cyclic administration of
a biologic cannot be made at this time. As with other
inactivated vaccines, vaccination should be done
according to available recommendations and the na-
tional vaccination schedule [30, 48, 49]. It should
be noted, however, that certain active substances and
classes, such as systemic glucocorticoids, thiopurines,
methotrexate, TNF or JAK inhibitors can generally
lead to a reduced vaccination response. In view of
the potentially reduced vaccination response under

these therapies, the vaccination response should be
investigated and persons living in the same household
should also be vaccinated as a prophylaxis measure.

Patients with ongoing B-cell depleting therapy (rit-
uximab, obinutuzumab and others) are in a special
situation, as they are likely to have a significantly in-
creased risk of a severe course of COVID-19 disease
[50]. In addition, it is unclear whether a robust vaccine
response can be achieved in these patients. It is cur-
rently assumed that people with a B-cell percentage
of less than 2% will not benefit from vaccination and
therefore vaccination prophylaxis of social contacts is
of particular importance. In this patient population,
it will be particularly important to choose the best
possible timing for vaccination and to select the most
potent vaccine to achieve a vaccine response. Again,
vaccination response should be checked in these pa-
tients.

Biomarkers for the efficiency of mRNA-based
COVID-19 vaccination under immunosuppressive
and immunomodulating therapy would be of great
clinical relevance. Whether seroconversion will be
useful remains to be proven. Neutralising antibody
titers or receptor-binding domain-specific antibodies
can be determined. Alternatively, commercially avail-
able SARS-CoV-2 test systems detecting the T-cell
response could be used. In view of the still unclear
situation regarding a possible sterile immunity under
mRNA-based COVID-19 vaccination, a possible “virus
shedding” and its duration under immunosuppres-
sive and modulating therapy should also be precisely
ascertained in the case of SARS-CoV-2 infection af-
ter vaccination [51]. In any case, more studies are
needed to examine prolonged virus shedding after
SARS-CoV-2 infection of vaccinated patients under
concomitant immunomodulating therapies.

The administration of plasma from convalescent
COVID-19 patients, which contains neutralising nat-
ural antibodies, could represent a treatment option
for patients with reduced antibody production, which
should be examined [52]. When using this therapeu-
tic approach, in addition to the timing of the start
of therapy, precise characterisation of the donor sera
for specificity, concentration and function of SARS-
CoV-2 specific antibodies prior to application is ad-
vantageous. This would also explain study results,
which reported no significant advantage of this ther-
apeutic approach [53].

In the context of organ and bone marrow
transplantation

Post-transplant patients have a significantly higher
risk of becoming severely ill with SARS-CoV-2 infec-
tion, requiring mechanical ventilation, and of dying
from COVID-19 [54]. According to a recent publica-
tion, the risk of dying from COVID-19 in the first year
after kidney transplantation is higher than remaining
on dialysis [55]. Therefore, patients after organ or
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bone marrow transplantation are to be classified as
high-risk patients [56]. Thus, there is urgent indica-
tion to vaccinate this population. So far, the mRNA-
based vaccines have shown a robust vaccine response
in the normal population during the currently avail-
able follow-up period. It is still unclear how effective
the vaccines will be in patients who have undergone
organ or bone marrow transplantation. Due to the
severe immunocompromise in the early phase after
transplantation, most transplant centres recommend
that their patients receive vaccination not earlier than
two months after transplantation [48]. In exceptional
cases—such as influenza vaccination—immunisation
is also considered as early as one month after solid
organ transplantation (depending on the influenza
season) [48]. For patients after stem cell transplan-
tation, immunisation is recommended at the earliest
six months after transplantation [48]. In all patients
after transplantation, however, the success of the vac-
cination should be checked by determining either
neutralising antibodies or receptor binding domain
(RBD)/S1-specific antibodies one month after vac-
cination. In addition, Austrotransplant, the Austrian
Society for Transplantation, Transfusion and Genetics,
currently recommends the use of mRNA-based vac-
cines in patients after transplantation, as a more ro-
bust vaccination response can be expected compared
to the currently available vector vaccines. However, it
should be emphasised that patients on the transplant
waiting list should be vaccinated before transplan-
tation. Since the vaccination success can also be
impaired in these patients, it will also make sense to
monitor the vaccination response. In addition, rel-
atives living in the close vicinity to the transplanted
patient should also be vaccinated in order to provide
the patient with the best possible protection against
infection.

In congenital or iatrogenic coagulation disorders

Patients with congenital coagulation disorders are not
considered to be at risk for severe COVID-19. The
scientific societies currently do not recommend any
restriction with regard to vaccination. Consultation
with the treating haematologist is only recommended
in the case of von Willebrand syndrome and rare co-
agulation disorders [57]. Studies suggest that there
is no increased risk of complications following in-
tramuscular vaccination when patients are receiving
oral anticoagulation therapy. Similarly, no benefit
has been shown with subcutaneous injection in this
patient group [58]. It is explicitly advised against sub-
cutaneous administration of mRNA vaccines. Scien-
tific societies recommend checking the International
Normalised Ratio (INR) 72h before intramuscular in-
jection [57]. In the context of COVID-19 vaccines,
oral and intranasal routes of administration are un-
der development, but the corresponding vaccines are
currently in phase 1 or phase 1/2 of clinical testing

[4]. Preclinical data suggest that when administered
intranasally, a single dose of the licensed vaccine
AZD1222 protects against SARS-CoV-2 infection and
transmission [59].

By March 16, 2021, after approximately 20 million
vaccinations with AZD1222 in Europe, thromboem-
bolic events have been reported to the European
Medicines Agency (EMA) in 25 patients in temporal
context to the intramuscular injection [60]. In a group
of 9 patients (8 female patients and 1 male patient),
the clinical symptoms were evaluated in detail and
a similarity to heparin-induced thrombocytopenia
was found. In a subgroup of patients, antibodies
against platelet factor 4 were detected, which induced
platelet activation [61]. Based on these data, recom-
mendations for the diagnosis and therapy of “virus/
vaccine induced prothrombotic immune thrombocy-
topenia” (VIPIT) were published [62, 63].

Recommendations regarding COVID-19
vaccination for special groups of the population

In children and adolescents

The vaccination of children and adolescents has to
be regarded as a priority goal in order to sustainably
reduce infection rates and to be able to sustainably
reduce currently necessary hygiene measures. Since
the outbreak of the pandemic, this cohort has of-
ten been regarded as a facilitator for infection, even
if available data do not necessarily support this [64].
For other respiratory infectious diseases, it has been
proven that vaccination of children and adolescents
has clear epidemiological advantages for the entire
population [65]. However, the dose, tolerability and
efficacy in children under 16 years of age are currently
still completely unclear.

Currently, registration trials for SARS-CoV-2 vacci-
nation for children and adolescents up to 16 years
of age have not been completed and therefore SARS-
CoV-2 vaccination cannot be recommended in this
age group at present. In the EU, the mRNA vaccine
BNT162b2 is currently licensed from 16 years of age,
the mRNA vaccine mRNA-1273 from 18 years of age,
the vector vaccine AZD1222 and the vector vaccine
Ad26.COV2.S from 18 years of age.

The following clinical trials are currently ongoing
for children and adolescents: The mRNA vaccine
BNT162b2 has been tested in subjects aged 12 to
16 years in the adult dose with two vaccine doses
three weeks apart since October 2020. In the USA,
this vaccine will be tested in children between 5 and
11 years of age in the coming months. An additional
trial in children under 5 years of age is planned for the
end of 2021. The mRNA vaccine mRNA-1273 has been
tested in 3000 children between 12 and 17 years of age
in the adult dose in the “TeenCove study” since De-
cember 2020. The AZD1222 vaccine will be tested in
6- to 18-year-olds. For the Ad26.COV2.S, phase 2 trials
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in children over 12 years of age have been ongoing
since August 2020. Furthermore, a trial with the inac-
tivated SARS-CoV-2 vaccine BBIBP-CorV (Sinopharm
COVID-19 vaccine) is ongoing for children aged three
years and older.

In pregnant women

Due to the lack of prospective data for the COVID-
19 vaccine, there is currently no general vaccina-
tion recommendation for pregnant women. The
recommendations for use of the Austrian National
Vaccination Committee clearly refer to a risk–benefit
assessment in pregnant women [28]. The German
Society of Gynaecology and Obstetrics (DGGG), to-
gether with the working group Obstetrics and Prenatal
Medicine (AGG) in the DGGG, the BLFG, the DGGEF,
DGPGM, DGPM, DGRM, the URZ, the DVR and
the BVF has written a statement emphasising that
pregnant women should not be excluded from vacci-
nation programmes [66]. Together with the attending
physician, a decision on the use of mRNA-COVID-
19 vaccination should be made with the pregnant
woman after weighing the individual advantages and
potential side effects. This joint decision should be
preceded by a detailed information to allow conclu-
sions on exposure risks, pre-existing comorbidities
and individual and pregnancy-specific risk of SARS-
CoV-2 infection to be included into the decision-mak-
ing process. The American College of Obstetricians
and Gynecologists and also the Society for Maternal
Fetal Medicine (SMFM) recommend that pregnant
women should be given access to the mRNA vaccines
after detailed information [67]. With regard to the
decision to administer the AZD1222 vaccine, the EMA
recommends a detailed medical discussion to weigh
the potential risks and benefits for mother and child
[66, 68]. In order to generate prospective safety data,
a trial of the BNT162b2 vaccine has been initiated,
enrolling a total of 4000 pregnant women to evalu-
ate the efficacy and safety of the mRNA vaccine in
pregnancy. Vaccination is recommended for women
planning to have children (pre-conceptional).

In older persons in the context of immunosenescence
and the increased risk of severe COVID-19 disease

Immunosenescence is the term used to describe the
declining function of the innate and adaptive immune
system, which is associated with an increase in mor-
bidity andmortality due to infectious diseases, includ-
ing those related to viral infections [69]. Due to the
continuous reduction of the thymus from sexual ma-
turity, the number of naïve T cells decreases during
life; effector and memory T cells dominate [70]. The
resulting change with regard to the cytokine environ-
ment also has an effect on the maturation of B cells
and antibody production. In addition, IgG+IgD–CD27–

double-negative B cells accumulate with older age,

which is interpreted as exhaustion due to continu-
ous stimulation or altered formation of the germinal
centres [71]. It is now well documented that the risk
of a more severe COVID-19 course and the number
of hospitalised patients and deaths associated with
SARS-CoV-2 infection increases significantly from the
age of 65 [72, 73]. Vaccination of vulnerable persons
of older age is therefore a high priority in the national
vaccination strategy [14, 28].

In primary and acquired immunodeficiencies

Recent data show that at least a proportion of pa-
tients with primary immunodeficiency—especially
those in whom the type I interphone response is
limited by genetic defect or autoantibodies—are at
increased risk for severe COVID-19 courses [32, 74,
75]. The efficacy of COVID-19 vaccine for people with
immunodeficiencies has not really been studied as,
with the exception of people with well-controlled HIV
infection (on therapy and with a CD4+ T-cell count
>500), none of the registration trials included im-
munosuppressed subjects. As the data on the HIV-
positive study participants have not been published
separately, no conclusions can be drawn. For an effi-
cient immune response, an intact immune system is
needed, with functioning antigen presentation as well
as B-cell and T-cell responses. If parts are missing or
weak, there may be a poorer vaccine response associ-
ated with lower protection in congenital or acquired
defects in both B and T cells, as well as patients after
splenectomy, immunosuppressive therapy directed
against B or T cells, but also chemotherapy or high-
dose steroid therapy. Nevertheless, many scientific
societies (e.g. ESID, European Society for Immun-
odeficiencies; British Society of Immunology; BHIVA,
British HIV Association; UN-AIDS, United Nations
Programme on HIV/AIDS; CDC, Centers for Disease
Control and Prevention) recommend COVID-19 vac-
cination for patients with immunodeficiencies. This
is based on experience for other inactivated vaccines
showing that a protective effect can be achieved at
least partially (depending on the type and severity
of the immunodeficiency). Data exist for influenza,
HPV and herpes zoster vaccines [76–80]. It should be
noted, however, that in the case of most vaccinations
that have been investigated so far, it can be assumed
that at least some of the patients (especially those
with acquired immunodeficiencies or those that first
manifest themselves in adulthood) already have an
immunological memory for the vaccine antigen (e.g.
through childhood vaccination). This means that the
vaccination “only” needs to trigger an amplification/
refreshment of the immune response, whereas SARS-
CoV-2 represents a neo-antigen for everyone, which
could have consequences for the effectiveness of the
vaccination.

Even in the complete absence of a B-cell response,
vaccination is recommended by some scientific soci-
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eties, since (T-) cellular immune responses also con-
tribute to a protective effect. For COVID-19 in particu-
lar, there are increasing data that the cellular immune
memory is important for protection against reinfec-
tion after a previous infection [81, 82]. However, this
might not reflect the situation after vaccination with
the viral spike antigens. Therefore, vaccination in the
absence of B cells is not supported by the Austrian
National Vaccination Committee.

With regard to the safety of previously established
inactivated vaccines, there is no evidence for more
severe or specific vaccine side effects in patients with
immunodeficiencies compared to the normal pop-
ulation [83]. There are no data for mRNA vaccines,
which have only been used sporadically in the context
of oncological therapies. As a theoretical consider-
ation, a possibly enhanced interferon-I response to
mRNA vaccines compared to other vaccine types
might be found in patients with immunodeficiencies
associated with autoimmune manifestations or iatro-
genically caused by the therapy of an autoimmune
disease [84], which could lead to an aggravation of
autoimmune reactions. In terms of risk assessment,
COVID-19 itself also carries a significant risk of aggra-
vating autoimmune diseases [32]. With live vaccines
(vaccinations with attenuated pathogens), there is
a possibility that the vaccination could trigger the
disease in patients with immunosuppression. Live
vaccines are therefore not recommended for patients
with immunodeficiencies. There are exceptions de-
pending on the exact immunodeficiency and the
severity of the immunodeficiency. However, no live
COVID-19 vaccine is currently licensed or in the pro-
cess of being licensed in the European Union.

There are currently no recommendations for mon-
itoring vaccination response, nor are there any rec-
ommendations for a different dosage or additional
booster doses in patients with immunodeficiencies
[85].

Documentation, efficacy and reactions upon
vaccination

The following minimum requirements for vaccina-
tion documentation are mandatory in Austria: name
of the vaccinating physician, the vaccinated person
and the batch of the vaccine. In Austria, vaccina-
tion documentation is done via the newly established
e-vaccination system, which covers the documenta-
tion obligation of vaccination and in which all vac-
cinations are stored for lifetime. For the time being,
no reduction of social restrictions after vaccination
is planned, as it cannot yet be estimated whether all
vaccination goals will be achieved through vaccina-
tion and whether a blockage of transmission will also
be achieved. However, it can already be assumed that
after vaccination with the vaccines currently available
on the market, the vaccinated persons are less infec-
tious due to a lower viral load [86, 87]. Following an

interim evaluation of the use of mRNA vaccination in
the USA, the CDC has changed its recommendations
that fully immunised persons no longer have to be
quarantined after contact with a COVID-19 patient
[88].

Immunity after vaccination with the vaccine classes
described above differs from (possible) immunity af-
ter SARS-CoV-2 infection. The main reason for this
is the “vaccine antigen”, which for all vaccines listed
above is the SARS-CoV-2 surface protein. This se-
lective contact of vaccinated persons with the SARS-
CoV-2 surface protein distinguishes them from per-
sons after having undergone SARS-CoV-2 infection,
who form antibodies against a variety of other virus
components, such as matrix proteins, nucleocapsid
proteins, envelope proteins or non-structural SARS-
CoV-2 proteins. This will also make it possible to dis-
tinguish an infection (antibodies against nucleocap-
sid proteins and surface proteins) from a vaccination
with the above-mentioned vaccines (antibodies only
against surface proteins). However, in order to be able
to assess immunity, highly specific tests (for antibod-
ies and cellular tests) will be needed that can easily
determine the virus neutralisation potential of the in-
duced antibodies and the T cells or killer cells respec-
tively (surrogate neutralisation tests).

The immunogenicity goals consist of the formation
and serological detection (seroconversion) of neutral-
ising antibody titers, namely spike antigen-specific,
neutralising antibodies, although it is currently not
clear at what antibody titer is associated with pro-
tection. The desired efficacy of vaccination mani-
fests itself in the prevention of a symptomatic COVID-
19 disease. Sufficient immunity is expected approx-
imately seven days after the 2nd injection with the
vaccine BNT162b2 and approximately after 14 days
with mRNA-1273. The vaccine AZD1222 should al-
ready show a protective effect three weeks after the
1st vaccine shot; the 2nd vaccination should consoli-
date the vaccination success [89].

The extent of protection after SARS-CoV-2 infection
as well as during vaccination correlates positively with
the level of neutralising immunoglobulins produced
and is additionally dependent on mechanisms of the
natural immune response (“trained immunity”) such
as type I interferons or mucosal immunity [90].

Sterilising immunity is the term used to describe
the neutralising antibodies that protect against (re)in-
fection after a previous infection or vaccination.
Whether the vaccinated person is still infectious for
others after one of the currently approved COVID-19
vaccinations, i.e. whether there is protection against
transmission, cannot be answered with certainty at
this point in time.

Due to the induced immune response, the COVID-
19 vaccines cause vaccination reactions, which are
to be expected as harmless complaints after vaccina-
tions. A distinction is made here between local reac-
tions, such as burning, pain, hardening and redden-
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ing at the injection site, and systemic reactions, such
as headache, fatigue, malaise, fever, chills, arthralgia,
myalgia, nausea, vomiting and diarrhoea. After vac-
cinations with mRNA vaccines, these vaccination re-
actions are observed very frequently (in more than
1 in 10 patients) and occur mainly after the 2nd vac-
cination. With the vector vaccine AZD1222, the vacci-
nation reactions occur more frequently after the first
vaccination. It is important to clearly indicate during
patient information that vaccination reactions are to
be expected. Prophylactic administration of paraceta-
mol (taking into account general contraindications)
about six hours after vaccination can attenuate the
vaccination reactions. If necessary, the medication
can be continued every six hours for 24 to 48h. Vac-
cine adverse reactions, i.e. reactions to vaccination
that are not expected and go beyond the usual extent
of a vaccination reaction, are reported nationally and
are continuously assessed by the competent authori-
ties. In early March 2021, due to the temporal context
between vaccinations with AZD1222 and thromboem-
bolic events, the use of AZD1222 was temporarily dis-
continued in several European countries. Even after
a possible causal relationship between rare throm-
boembolic events and vaccinations with AZD1222 was
established, the EMA again issued a positive bene-
fit–risk assessment on 7 April 2021 and recommended
the continuation of vaccinations [91]. Based on this,
the national vaccination committees have published
guidelines for vaccination with AZD1222, which are
continuously reviewed and adapted according to the
available data.

Conclusion

Based on the available data on the SARS-CoV-2 vac-
cines in adult patients with immunological diseases
summarised here, it can be stated that after a pre-
cise weighing of the benefit–risk profile of the avail-
able vaccines, the recommendation clearly speaks in
favour of the COVID-19 vaccination. Patient group-
specific as well as age group-specific recommenda-
tions are to be implemented according to the rec-
ommendations for use of the national vaccination
committees [28]. Due to the vaccine shortage, there
are clear prioritisations for vaccination that precisely
define high-risk patients as well as patients under
immunosuppressive therapy [56]. Although the pro-
tective effect of vaccination cannot yet be assessed in
detail, especially for patients on immunomodulatory
or immunosuppressive therapy, a benefit for patients
with immunological diseases can be expected. It will
be essential to generate evidence through academic
studies and accurate clinical documentation that
will allow sufficient information regarding the safety
and efficacy of the available COVID-19 vaccines for
patients under immunomodulatory and immunosup-
pressive therapy or with immunodeficiencies.
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