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Abstract

Coronavirus disease 2019 (COVID-19), is a pandemic that resulted in extreme human and economic losses. A higher incidence of morbidity
and mortality to COVID-19 was demonstrated in a special population. Factors that impact the disease severity include old age, obesity,
pregnancy, diabetes mellitus, cancer, and immunosuppressive drugs. Fortunately, several COVID-19 vaccines were developed such as
Pfizer-BioNTech, Moderna, Oxford-AstraZeneca, and Johnson & Johnson among others. These vaccines have shown good efficacy and
safety profiles in the general population, but serious rare adverse effects were reported related to specific vaccines. Several studies are
undergoing to test the efficacy in special populations. Reduced efficacy or delayed immunological response to COVID-19 vaccines were
suggested for patients with autoimmune disorders or organ transplant patients, especially those receiving certain medications such as
rituximab. There is a concern about organ rejection in organ transplant patients. Despite these facts, there is an agreement among health
care providers to consider prioritization of the above-mentioned groups for receiving vaccinations with the same precautions followed for
the general population. It is recommended to ongoing studies determine the efficacy and safety of COVID-19 vaccines in patients with

comorbidities based on clinical data.
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COVID 19 Vaccines

Coronavirus disease 2019 (COVID-19) is a global pandemic
caused by a highly infectious respiratory tract virus
(SARS-CoV-2). It has resulted in significant human and eco-
nomic loss. More than 207 million cases had been confirmed
as of August 16, 2021, with more than 4.36 million verified
deaths.' By the end of 2020, several vaccines had become avail-
able for use in different parts of the world.? Most vaccines for
COVID-19 aimed to achieve an adequate immune response to
the virus’s distinctive spike protein.” These vaccines are being
developed using various techniques, which include the inacti-
vated or attenuated virus, viral protein subunits. Viral vectors,
and RNA encoding viral spike protein.**

This noncomprehensive review provides a simplified
overview of the efficacy and safety of the most extensively used
COVID-19 vaccines in special populations. The review faces
limited restricted search on data provided in the English lan-
guage. Vaccine subtypes, their development, ranking efficacy
and safety in the general population werepresented in several
reviews.”® The safety and efficacy of COVID-19 vaccines in
children and adolescents were also reviewed.” The RCTs on
BNY162b2 showed that the efficacy of the vaccine in children
and adolescents was 100%.'° Regarding safety, 38 cases of
myopericarditis due to BNY162b2 were described in 2 reports,
of which 93% occurred after the second dose, 90% occurred in
males, [11, 12]. The estimated incidence of myopericarditis
was 0.008% in adolescents 16-17 years of age and 0.01% in
those aged 12-15 years.'* A brief description of the most used
Covid 19 vaccines is provided in the next section.
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Pfizer-BioNTech COVID-19 vaccine (BNT162b2)

It is an mRNA-based COVID-19 vaccine developed by BioN-
Tech, (Germany) in collaboration with Pfizer (USA)."” It is a
lipid nanoparticle encapsulating nucleoside-modified mRNA-
expressing spike protein of SARS-CoV-2."* The Phase III
results indicated an overall efficacy of 95% in the general pop-
ulation after two doses separated by 21 weeks."

For immunocompromised individuals e.g. organ trans-
plant patients, a lower vaccine efficacy after a single dose was
reported.'® It was reported to be safe and effective in delivering
protection to pregnant and nursing women.'” Its overall effec-
tiveness (7-56 d) after the second dose in pregnant women
was reported as 96%."*

The efficacy was about 100% in adolescents, but the inci-
dence of myocarditis and pericarditis was likely to be higher in
young adults.” It was reported that patients with p-cell Non-
Hodgkin lymphoma treated with an anti-CD20 antibody are
unlikely to achieve humoral response to BNT162b2 mRNA
COVID-19 vaccine.”

Moderna (mRNA-1273)

It was developed by the Moderna pharmaceutical company
and approved for use in individualsabove the age of twelve. It
is intended to be given in two doses or three for immunocom-
promised patients. Each dose is 0.5 mL administered by intra-
muscular injections spaced at least 28 days apart.”” It consists
of a lipid nanoparticle (LNP) containing nucleoside-modified
messenger RNA (modRNA), which encodes the SARS-CoV-2
viruss perfusion stabilized spike (S) protein, as well as an
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S1-S2 cleavage site with a transmembrane component. The
presence of the S-2P antigen on its surface permits it to enter
the host cell. The RNA is then transferred into host cells, where
the SARS-CoV-2 S antigens are expressed. It provides anti-
body response to SARS-CoV-2 S antigens.”**' In the general
population, it showed an overall efficacy of 95% against symp-
tomatic COVID-19.">** The efficacy of two doses against infec-
tion with the delta variant was 87.9% in those aged 18-64
years, but lower (75.2%) in the elderly > 65 year.”

Reported common adverse events include the following
(%,): injection site tenderness/pain (92), swelling (14.7), red-
ness (10.0), fever (15.5), fatigue (70.0), headache (64.7),
muscle pain (61.5), chills (45.4), joint pain (46.4), swollen
lymph nodes (1.1), nausea/vomiting (23.0), hypersensitivity
(1.5). Serious side effects were reported as 1%, and a few cases
of Bell’s palsy (0.1%) were also documented.”

At 28 days after the second dose of vaccination poor or
suboptimal antibodies response was observed in cancer
patients under chemotherapy. However, antibodies raise signif-
icantly after the 2nd dose (compared to that after the Ist
dose). These findings suggest the value of the 3rd boosting
dose of the vaccine in cancer patients.**

The efficacy of the vaccine after the first dose was lower
among patients with decompensated (50.3%) compared with
compensated cirrhosis (66.8%). After the second dose, there
was a 78.6% reduction in COVID-19 infections and 100%
reduction in COVID-19-related hospitalization.”® Most dial-
ysis patients showed adequate antibody response after two
doses of BNT162b2 or mRNA-1273 vaccines.”

In vaccinated pregnant women, the rate of adverse events
(in both the mother and the fetus) was comparable to that in
non-immunized pregnant women.”

Oxford-AstraZeneca COVID-19 vaccine
(AZD122) ChAdOx1-S

It is a viral vector (modified chimpanzee adenovirus
ChAdOx1) vaccine for the prevention of COVID-19. It was
developed by Oxford University in collaboration with Astra-
Zeneca.”®” Early investigations conducted in 2020 showed
that the vaccine efficacy was 76.0% in preventing symptomatic
COVID-109, starting from 22 days after the first dose and up to
81.3% after the second dose.”® A study in Scotland revealed
thatafter the second dose the vaccine was 81% effective against
the alpha variant, and 61% against the delta variant.”’ An
interim analysis of randomized controlled trials in Brazil,
South Africa, and the UK have documented an overall efficacy
of 70-4%.”> A meta-analysis suggested equivalent effectiveness
of BNT162b2 and ChAdOx1 COVID-19 vaccine against
SARS-CoV-2 infection and COVID-19 related morbidity and
mortality.”

Moreover, common adverse effects in vaccinated individ-
ualswere as follow: local reaction at the injection site, soreness,
headache, and lethargy.** Systemic reactions were observed in
(86%) of 18-55 y group, but lower (77%) in 56-69 y, and (65%)
in the 70 y or older age group. It was concluded that this vac-
cine is likely better tolerated in older adults.”

Concerning serious adverse events, there are reports of
vaccine-induced immune thrombotic thrombocytopenia
(VITT).” According to the “European Medicine Agency’s
Pharma covigilance Risk Assessment Committee,” 169 cases of
cerebral venous sinus thrombosis (CVST) and 53 cases of
splanchnic vein thrombosis were reported among the 34

J Contemp Med Sci I Vol. 8, No. 2, March-April 2022: 86-95

Review
Safety and Efficacy of COVID-19 Vaccines in Special Populations

million individuals who received the AstraZeneca COVID-19
vaccine. The majority of these casesoccurred within the first
two weeks following vaccination in women under the age of
60.** An early study in the UK documented that the estimated
rate of thrombotic thrombocytopenia syndrome (TTS) within
14 days of the first dose of the vaccine was 8:1 per million
vaccines.”

Details of CVST, related venous infarct and hemorrhagic
stroke, arterial infarct, intracerebral hemorrhage (ICH) and
VITT following the AstraZeneca COVID-19 vaccination were
discussed by a meta-analysis. In this context, 41 cases were
presented (36 CVST, 4 infarctions, and 1 ICH). Sixteen of the
36 patients with CVST experienced an ICHand/or a subarach-
noid hemorrhage (SAH), of which 18 cases (44%) died.*
Rare cases of the multisystem inflammatory syndrome® and
Guillain-Barré syndrome (GBS) were also reported.*’

At 120 vaccination centers in Mumbai, India, as of April
13th 2021, the total adverse effects following immunization
(AEFIs) was reported as (93.53 %), of which 3.87% were mod-
erate, 3.87% were severe, and 2.58% were serious.” An
Australian risk-benefit analysis for individuals < 60 years
suggested that the risk of the AZDI1222 vaccination may
exceed the benefits in younger individuals who are at low risk
of serious COVID-19.*

In individuals with HIV, the ChAdOx1 vaccination was
demonstrated to elicit protection and a safety profile similar to
those without HIV. This investigation, recommends vaccina-
tion for those patients on antiretroviral therapy (ART).*

A small study in Japan indicated a lower response in the
elderly after two doses of AZD1222. Neutralizing antibody
responses were predicated as 67.5%, 60.3%, and 50.0% ofvacci-
nated individuals aged between 18-55, 56-69, and => 70 Y,
respectively. No vaccine-related serious adverse events or
deaths were reported.* A 51-year-old woman had pancreas
allograft rejection after receiving the ChAdOx1 vaccine.” Rare
cases of the acute hyperglycemic crisis were reported in dia-
betic patients 3-5weeks following the first dose of the
vaccine.*

Janssen COVID-19 vaccine (Ad26.COV2.S)

Ad26.COV2.S is a replication-ineffective human adenovirus
type 26 (Ad26) vector that expresses a pre-fusion stabilized
SARS-CoV-2 spike protein (Wuhan 2019 strain, which is sim-
ilar to the WA1/2020 strains).” " In the phase III trial in the
US, Brazil, and South Africa, by day 28 after vaccination, a
single dose of Ad26.COV2.S provided 72%, 68%, and 64%
protection against moderate to severe COVID-19 respectively.
In this trial, Ad26.COV2.S provided robust protective efficacy
against a few SARS-CoV-2 variants, with 95% of sequenced
viruses from confirmed COVID-19 cases in South Africa
being the B.1.351 variant.”* In another study on day 71 fol-
lowing vaccination, Ad26.COV2.S generated median pseudo-
virus neutralizing antibody titers which were 5.0-fold and
3.3-fold lower against the B.1.351 and P.1 SARS-CoV-2 vari-
ants, respectively, compared to that against WA1/2020 strain.
However, similar CD8 and CD4 T cell responses, including
central and effector memory responses were recognized
against all tested SARS-CoV-2 variants.”

Rare Guillain-Barré syndrome cases (GBS) were reported
after Ad26.COV2.S vaccine. The estimated incidence per mil-
lion of vaccinated individuals were 6.2 for females and 7.8 for
males.’
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Covaxin (BBV152)

Covaxin (BBV152) was developed by Bharat Biotech and the
Council of Medical Research (India). It is an inactivated whole
virion SARS-CoV-2 vaccine, formulated with a toll-like
receptor 7/8 agonist (TLR7/8) molecule adsorbed to alum
(Algel-IMDG). The TLR7/8 adjuvant formulation specifically
boosted SARS-CoV-2 lymphocyte as well as Th1 driven anti-
body responses.*

A randomized, double-blind, placebo-controlled, multi-
center, phase 3 clinical trial was conducted in India on adults
(age 218 years) who were healthy or had stable chronic med-
ical conditions. The study demonstrated, the overall efficacy of
78%. Efficacy and safety were also confirmed in children. Cur-
rently, limited data are available to predicate its safety and effi-
cacy in immunocompromised patients, patients with cancer
or pregnant women.”

The common adverse effects after vaccination were as
follow: injection site pain (5%), headache (3%), fatigue (3%),
fever (9%), nausea or vomiting (2%).”’

Corona Vac, SinoVac

It is an inactivated virus COVID-19 vaccine developed by the
Chinese company SinoVac Biotech. It was developed by culi
turing SARS-CoV-2 CN2 strain to replicate in Vero Cell,
immediately harvesting, isolating, and inactivating the grown
strain with B-propiolactone.”®*’

Vaccine efficacy in the general population, detailed effi-
cacy and safety of Corona Vac can be retrieved in these publi-
cations.””***" Phase 3 trials were carried out in Brazil,*
Turkey,” and Indonesia. The reported vaccination efficacy
values (VE) in the general population ranged from about 51%
in a Brazilian trial, 65% in Indonesian trial, and 84% in a
Turkish trial.*!

The following provides an example of reported adverse
effects: incidence per 100,000: anaphylaxis (121); seizures
(36), Bell's palsy (28), thromboembolic events (16), and
Guillain-Barre syndrome (4).°' Rare adverse events such as
serious cutaneous and allergic reactions, nephrotic syn-
drome, optic neuritis and subacute thyroiditis, bell’s palsy,
bronchial asthma was also reported.®”

In Brazil, good efficacy of this vaccine was observed in the
elderly. After two doses of the vaccine, better protection ratios
were obtained, with an attributable protection ratio of 99.2%.”
In the phase 2 study, a limited number of children (186) 3-17
years were enrolled, and sero conversion was observed in 97%
in the low dose vaccine group (1.5 micrograms) and 100% in
higher dose vaccine group (3 micrograms). No serious adverse
effects were documented.”” However, up to our current knowl-
edge, guidelines did not recommend its use in children.®

Regarding immunocompromised patients, Corona Vac’s
immunogenicity and safety were evaluated in a cohort study
of 910 adult patients with autoimmune rheumatic disorders
(ARD) and 182 age- and sex-frequency matched healthy
adults in a phase 4 prospective controlled experiments. At
day 69, patients with ARD had significantly lower anti-
SARS-CoV-2 IgG seroconversion (70.4 vs. 95.5%) and low
rneutralizing antibodies (Nab) (56.3 vs. 79.3%). These data
suggesting lower efficacy of the vaccines in those popula-
tion.” Another study showed similar findings and suggested
that Patients with immune-mediated illness and being 60
years or older are independently linked with lower antibody
response.”’
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CoronaVac vaccine immunogenicity and safety were eval-
uated in 47 cancer patients receiving active systemic therapy.
Four weeks following the second dosage of the vaccine, more
than half of the patient (63.8%) exhibited immunogenicity.
The rate of seropositivity was 59.5% in those who received at
least one cytotoxic medication, and 100% in those who
received monoclonal antibodies and immunotherapy; how-
ever, immunogenicity was related to the patients’ age.”

Sinopharm COVID-19 Vaccine (BBIBP-CorV)

BBIBP-CorV, or BIBP vaccine, is an inactivated virus
COVID-19 vaccine developed by Sinopharm’s (Beijing Instid
tute of Biological Products).”® A sample of the WT virus
(HBO2 strain) was cultivated in Vero cells, isolated, and
chemically inactivated by B-propiolactone, then mixed with
an aluminum-based adjuvant. It completed Phase III trials in
several countries with over 60,000 participants.” An interim
analysis of the phase 3 study (38,206 participants were rand-
omized to receive the one of the following vaccines
SARS-CoV-2 WIV04 (5 pg/dose; n = 13,459) (vaccine sub-
type 1); HB02 (4 pg/dose; n = 13,465) (Vaccine subtype 2) or
aluminum hydroxide (alum)-only (control) (n=13,458). All
participants received 2 intramuscular injections 21 days
apart. The vaccine efficacy compared was 72.8% for the 1st
vaccine and 78.1% for the 2nd subtype. Serious adverse events
were rare and similar in the 3 groups (WIV04: [0.5%]; HB02:
[0.4%]; alum-only: [0.6%]).*° Local reactions at the injection
site, fatigue, and headache were the most prevalent post 1st
dose adverse effects. Pain at the immunization site, fatigue,
lethargy, headache, and tenderness were the most common
post 2nd dose side effects in both groups. Two serious adverse
events were possibly linked to the vaccine, serious nausea and
a rare neurological disorder known as acute disseminated
encephalomyelitis.” One participant with a diagnosis of
thrombus was identified in the Phase 3 trial, in the BBIBP-
CorV group. All acute allergic reactions were Grade 1 and 2
in the BBIBP-CorV group.*!

Regarding Children and adolescents, participants aged
3-17 years, the inactivated COVID-19 vaccination BBIBP-
CorV was shown to be safe and well-tolerated. After two doses,
BBIBP-CorV elicited strong humoral responses against
SARS-CoV-2 infection.”®*

The elderly group showed a similar safety profile com-
pared to younger adults, but with lower reactogenicity in older
adults. In clinical trials, no serious adverse effects occurred in
adults >60 years in the vaccine group.*’

Sputnik V (Gam-COVID-Vac)

The Gamaleya Research Institute of Epidemiology and Micro-
biology in Russia produced Sputnik V (Gam-COVID-Vac),
which is an adenovirus viral vector vaccine for COVID-19.
The Russian Ministry of Health has registered it on August
11th 2020.” The vaccine uses similar technology to the Oxford
AstraZeneca vaccine; however, it follows a prime and then
boosts regime. The two shots use different vectors, the first is
rAd26 and the second is rAd5 while both carry the gene for the
full SARS-CoV-2 spike protein.*

The findings of Phase III trials have shown that the two-
dose regime of the vaccine was generally well tolerated with no
associated serious adverse events and similar efficacy in those
aged over and under 60. It was tested at 25 hospitals and poly-
clinics in Moscow. The clinical trial indicated an overall
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efficacy of 91.6%.** A study among health workers in Argen-
tina observed that 94% of naive individuals generate spike-spe-
cific IgG antibodies 21 days after receiving the first dose of the
vaccine.”” However, the early approval provoked criticism
among scientists.**

The most reported adverse events in phase III clinical
trial were grade 1 [94%] (0.3% of participants in the vaccine
group and (0.4%) of participants in the placebo group. Four
fatalities were recorded (less than 0.1%) in the vaccination
group and one (less than 0.1%) in the placebo group; however,
none of which were thought to be attributable to the vaccine.*
Moreover, in Iranian research, 3,236 vaccinated health
workers self-reported the following side effects: discomfort at
the injection site (50.9%), body pain (43.9%), headache
(35.7%), fever (32.9%), joint pain (30.3%), chills (29.8%), and
tiredness (20.3%).%¢

In a small study with 18 participating health workers, the
researchers discovered that (83%) of Sputnik V recipients’
infants (1-6 yr) suffered from fever and chills for 1-2 days
after their parents’ immunization, which can be linked to an
Adenovirus infection.*

In Argentina, retrospective cohort research was carried
out where the first dose of Gam-COVID-Vac was given to
40,387 elderly (60-79 yr). Vaccine eflicacy for avoiding labo-
ratory-confirmed illnesses was 78.6%, and for preventing
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hospitalizations and fatalities was 87.6% and 84.8%,
respectively.”’

The Gam-COVID-Vac vaccine was well tolerated, with
no grade 3-5 side effects recorded in 112 patients with meta-
static genitourinary cancer. Two COVID-19 cases (1.8%) were
verified in the vaccination group after a median follow-up of
6.2 months.”

A non-comprehensive summary of characteristics, safety
and potentially serious adverse effects of some authorized vac-
cines are presented in Tables 1-2.

In the following paragraphs, we will attempt to summa-
rize the currently available (October 2021) guidelines, recom-
mendations relevant to the efficacy and safety of vaccines
against COVID-19 in special populations.

Efficacy and Safety in Special Population

Autoimmune diseases and allergy

Rituximab has been linked to a reduced serological response
to the SARS-CoV-2 vaccine in rheumatoid arthritis patients.”
Immune responses against the SARS-CoV-2 (BioNTech/
Pfizer) one-shot was studied in patients with immune-medi-
ated inflammatory diseases including spondyl arthritis,
inflammatory bowel disease, psoriasis, and rheumatoid

Table 1. Characteristics of examples of leading Covid-19 vaccines®>*

Company BioNTech. GmbH ModernaTX, Inc. Janssen Inc AstraZeneca Canada Inc.
Code name (BNT162b2) mRNA-1273 Ad26.COV2.S [recombinant] ChAdOx1-S
[recombinant]
Type mRNA-based mRNA-based Viral victor Viral victor
Authorized age >5 years >12 years >18 years >18 years
Dosing Schedule 2 doses, at least 21 days apart 2 doses, 4 weeks apart
Storage -90° to —-60°C protected from ~ -25to —15°C +2 to +8°C +2 10 +8°C
light
Vaccine efficacy (VE) 95 %, 7 days after the 2" dose ~ 94.1%, 2 weeks after ~ 85.4%, 28 days after vaccination ~ 62.1%, 2 weeks
the second dose against severe/critical COVID-19  after the second dose
Elderly >65 yr Similar to adults Slightly lower, 86.4%  Consistent efficacy
Pregnancy Preferred in view of current data
Adverse events of Myocarditis/pericarditis, Bell's palsy and anaphylaxis Guillain-Barré syndrome (GBS), thrombosis with throm-

special interest (AESI)

bocytopenia syndrome (TTS) including VITT, capillary leak
syndrome (CLS), venous thromboembolism (VTE), immune
thrombocytopenia (ITP) and anaphylaxis

Table 2. Serious adverse events (SAE) of some authorized vaccines*

SAE Incidence Notes
Anaphylaxis after 2-5/million All vaccines
Thrombosis (TTS)* 36 per 12 million doses J & J/Janssen COVID-19 vaccination

1 case/306 million doses

Myocarditis and pericarditis 393 confirmed cases (FDA)

Report of deaths*
doses

5,479 reported deaths (0.0017%), 318 million

Women < 50 year
mRNA COVID-19 vaccination

Most cases MRNA COVID-19 vaccination; male
adolescents (18-30)

December 14, 2020, through June 21, 2021, VAERS**,
all vaccines

*a plausible causal relationship between the vaccine and death was confirmed only for a limited number of cases received J & J/Janssen COVID-19 Vaccine due to
thrombosis with thrombocytopenia syndrome (TTS). **VAERS: vaccine adverse event reporting system.
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arthritis. Those patients were maintained on pharmacotherapy
that included methotrexate, glucocorticoids, TNF inhibitors,
IL-inhibitors, and JAK inhibitors among others. Overall
responses were delayed and reduced in patients compared
with controls.”

Those individuals should be vaccinated against COVID-
19, ideally while their disease activity is under control. Anti-
body responses to vaccines do not appear to be affected by
low-level immunosuppression. Vaccinations should be
administered before the start of any biological DMARD:s.
Patients using rituximab should be vaccinated at least 4 weeks
before or 6 months after treatment. Because tofacitinib can
lower antibody responses, especially when combined with
methotrexate, it has been suggested that stopping it before
vaccination and restarting it after 14 days can be a beneficial
approach. Vaccinations can be scheduled in a variety of ways
to ensure effectiveness.” Practical guidelines for optimal
safety of vaccination of patients with immunological disorders
were suggested by J. Peter.”

Benign blood disorders

Individuals with a history of blood clots, or certain thrombo-
philic disease, may be at increased risk of a very rare
immune-mediated thrombosis induced by some authorized
vaccines.”

Vaccines can be given safely for most patients maintained
on anticoagulant medication, after applying certain precau-
tions.For example, a fine needle gauge (23-25) is recom-
mended for vaccination followed by an intense pressure
applied to the injection site without scratching for at least two
minutes.'” Patients with other hematological disorders such
as sickle cell disease, thalassemia, and rare hereditary anemia,
should be vaccinated against COVID-19, Patients on warfarin
with a supra therapeutic international normalized ratio (INR)
should wait until their INR is below 4.'"'

Cancer patients

A study was conducted in one chronic lymphocytic leukemia
(CLL) patient (stage O untreated) to demonstrate the safety
and efficacy of the BNT162b2 mRNA vaccine. It documented
the capability of two doses of the vaccine to generate humoral
and cellular response against COVID-19 but to a lower extent
than that in matched age healthy volunteers.””” In patients
with myelo proliferative neoplasms (n = 21), a single dose of
Pfizer-BNT162b2 mRNA vaccine resulted in a high fre-
quency of neutralizing antibodies and poly functional T-cell
responses. Also, the vaccine was safe and generally
well-tolerated.'””

In patients with CLL, an observation study evaluated
humoral immune responses to the BNT162b2 mRNA
COVID-19 vaccination and compared them to responses in
age-matched healthy control volunteers. Patients received
two vaccination doses, 21 days apart. The study enrolled 52
CLL patients and a similar number of sex- and age-matched
healthy control participants. It demonstrated that CLL
patients had a significantly lower response rate (52%) com-
pared to the control. Patients who achieved clinical remis-
sion following treatment had the highest response rate
(79.2%), followed by treatment-naive patients (55.2%) and
patients who were receiving treatment at the time of vacci-
nation (16.0%). Response rates were low in patients treated
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with Bruton’s tyrosine kinase inhibitors or Veneto lax
anti-CD20 antibody (16.0% and 13.6%, respectively). None
of the patients who had been exposed to anti-CD20 anti-
bodies (e.g. rituximab) 12 months before immunization had
a positive antibody response.'™ A possible explanation of
these results, is that the immune system may be compro-
mised by the persistent B-cell depletion caused by ritux-
imab, which is maybe the mechanism of action of anti-CD20
antibodies in antibody-mediated autoimmune diseases.'”

A group of researchers examined 44 consecutive patients
with CLL who received two doses of mRNA vaccine
(BNT162b2 or mRNA-1273) and tested for anti-SARS-CoV-2
S1/S2 antibodies. The results have predicted that vaccination
in patients with CLL may not provide the efficacy seen in
healthy individuals. Patients receiving Bruton Tyrosine
Kinase inhibitor at the time of vaccination or who have
received anti-CD20 monoclonal antibody within 1 year
showed very poor vaccine efficacy in a prospective study.'™
The immune response of the BNT162b2 mRNA vaccine in
multiple myeloma patients was significantly lower, particu-
larly in those on anti-CD38-based treatment.'””

A comprehensive review indicated that no safety con-
cerns specific to patients with cancer receiving mRNA vac-
cine was anticipated. Certain chemotherapy can inhibit
immune responses to the vaccine. In conclusion, the benefits
of vaccination in most cancer patients are likely to outweigh
the risks.'*

The updated guideline Infectious Diseases Working
Organization (AGIHO) of the German Society for Hema-
tology and Medical Oncology (DGHO) recommended the
vaccination of patients with cancer against COVID-19 espe-
cially those active disease.”” The Australian and New Zealand
guidelines stated that patients with hematological malignan-
cies and some benign hematological illnesses should have
accelerated access to COVID-19 vaccinations.'"

French oncology societies (GCO, TNCD, UNICANCER)
recommends that patients with cancer who are undergoing
treatment or who had therapy less than three years ago should
be vaccinated, as well as their families.""

Cardiovascular disease

The American Heart Association declared that authorized
vaccines are safe for adults who have or have had cardiovas-
cular disease and that their efficacy is similar to that observed
in the general population. Patients with heart problems were
included in the COVID-19 vaccine studies, and the vaccine
had no major side effects in these patients. However, patients
with severe heart disease and unstable angina may experience
mild fever and flu-like symptoms due to the vaccine. However,
these effects are not serious and respond well to symptomatic
treatment. Patients with heart disease may become critically ill
in the presence of a severe allergic reaction. On the other hand,
there are no reported interactions between the vaccine and
medications prescribed for cardiac diseases. In conclusion, the
advantages of vaccination in patients with cardiovascular dis-
eases significantly outweigh the potential risk.'”” Similar rec-
ommendations were provided by a published report of the
American College of Cardiology.'”” Moreover, the American
Heart Association confirms that patients with cardiovascular
diseases have priority in receiving vaccines against the

coronavirus.'*
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Diabetic patients

Regarding immunogenicity, efficacy, and effectiveness of
immunization in diabetic patients, the clinical data are lim-
ited. Previous vaccinations showed variable results.'””

A small study suggested that SARS-CoV-2 antibody
response may be impaired in diabetic patients.'’® However,
other studies reported that humoral immune response against
SARS-CoV-2 in diabetic patients was like non-diabetic
patients."'”!"®

More than 3,000 individuals with diabetes were part of
the clinical trial for the Pfizer vaccine, and the Moderna vac-
cine included 2,875 individuals with diabetes in its clinical
trial. Both trials observed the vaccine to be safe and effec-
tive."'”"” In summary, no specific safety concerns were
reported regarding these authorized vaccines in diabetic
patients in the USA."*' As with any vaccine, the coronavirus
vaccine may cause elevated blood glucose levels.'*?

Hepatic disease

Innate and humoral immune deficits are well-recognized
characteristics in patients with severe liver disease, this phe-
nomenon is called cirrhosis-associated immune dysfunction.
For example, in individuals with cirrhosis, rates of sero con-
version soon after hepatitis B virus vaccination, as well as the
durability of humoral immunity after pneumococcal and
influenza vaccination, are all significantly reduced. Patients
with cirrhosis have reduced immune responses to SARS-CoV-2
vaccination as well. Regarding the safety of the vaccines, nei-
ther the Oxford-AstraZeneca ChAdOx1-nCoV-19 nor the
Pfizer-BioNTech COVID-19 vaccine (BNT162b2) represents
a particular safety concern for these patients.”” Although
autoimmune hepatitis could occur as a rare complication of
COVID-19 vaccines.'*

Regardless of limited data onthe safety and efficacy of
covid19 vaccines in patients with liver diseases, guidelines of
several organizations have recommended that patients with
chronic liver disease and liver transplant recipients can be
encouraged to get vaccinated.'”'*

Solid-organ transplant (SOT) recipients

Theoretical concern exists regarding the safety of the
COVID-19 vaccine in SOT patients, which include the poten-
tial of enhanced inflammatory response due to mRNA based
vaccines,'” or activation of the adenovirus vector in immuno-
compromised patients.””” However, currently approved
COVID-19 vaccines that are based on replication-deficient
adenovirus vectors or mRNA are not contraindicated in SOT
patients. Their advantages likely outweigh the expected risks
provided that the standard precautions are taken."”*'** Fur-
thermore, guidelines for optimal use of COVID-19 vaccines in
SOT recipients are available.'**'*

The effectiveness of COVID-19 vaccines is likely to be
reduced in Solid organ transplant patients.”**'* It has been
shown that kidney transplant recipients show limited early
antibody response after the first dose of the COVID-19
vaccine.'*

Few studies were conducted to evaluate the short-term
safety and efficacy of COVID-19 vaccines in SOT patients.'*’
A study reported that only 17% of transplant recipients who
received a single dose of SARS-CoV-2 vaccination generated
detectable anti-spike antibodies compared to 100% of healthy
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participants, but after two doses, the response was about
54%.'%"" A small retrospective study reported the failure of
COVID-19 vaccination in transplant patients to effectively
protect them from being infected and suffering serious com-
plications.'** In another study that included 658 SOT recipi-
ents who received two doses of the Pfizer-BioNTech
COVID-19 vaccine (BNT162b2) COVID-19 vaccine, 46%
had no detectable antibodies against the virus proteins after 29
days following the second dose of the vaccine.'*

Use of antimetabolites (e.g., mycophenolate mofetil, and
azathioprine) and a shorter time since transplantation was
associated with a higher rate of nonresponse. In reports of
transplant recipients who received the third dose of mRNA
vaccines, seroconversion rates were higher after the addi-
tional dose, although approximately 30 to 50% remained
seronegative.'**'*

Children & adolescents

BNTb162b (Pfizer COVID-19 vaccine) is authorized for chil-
dren 5 years or older (ref) andadolescents aged 12 through 15
years based on evidence that efficacy, immunogenicity, and the
adverse effect profile in this population are comparable to
those in older individuals.'*

Elderly

There is theoretical concern regarding decreased immuno-
genicity with advanced age; however, vaccination strategies
such as adjuvants, and vaccines that specifically target the aged
immune system were suggested to enhance the efficacy of vac-
cines in the elderly."”

Although further research is needed, preliminary data of
phase 1 dose-escalation trials of the Moderna, mRNA-1273
vaccination found that effective antibody responses were
equivalent in three age groups (18-55, 56-70, and 71 and
older). The measured antibody titers suggested that mRNA
vaccinations in the elderly have adequate efficacy.'*®'* Astra-
Zenecas ChAdOx1 nCoV-19 vaccine (AZD1222) also showed
promising efficacy in older adults."

Few publications addressed special safety concerns; for
example, a study by Norwegian authorities declared that the
Pfizer-BioNTech vaccine was possibly responsible for 10
deaths among 30,000 elders.""

In preliminary research, 55 deaths were observed, with a
COVID-19 vaccine fatality rate of 8.2 per million population.
A total of 37 fatalities were reported among residents of long-
term care facilities, with a mortality rate of 53.4 per million.
The authors of the mentioned study concluded that the advan-
tages of COVID-19 vaccines outweigh the dangers in elder
populations, and their data do not justify policies that prevent
older individuals from receiving vaccinations.'*

Obesity

Obesity can be defined as a body mass index (BMI) of > 30
kg/m?* Pfizer-BioNTech vaccine efficacy (after the second
dose) was about 95% in obese and normal individuals.'*
Individuals with severe obesity (BMI > 40 kg/m?) were
included in Moderna studies where overall efficacy (after the
second dose) was 94.1%, and 91.2% in those with severe obe-
sity.”>'** A post hoc analysis similarly demonstrated compa-
rable efficacy in obese participants with no high-risk
comorbidity.**
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Pregnant and lactating women

Data on the safety of COVID-19 vaccines in pregnant individ-
uals are limited but emerging.”>'*® A study revealed that
COVID-19 vaccine-specific titers of antibodies after receiving
the vaccines were comparable, albeit slightly lower, between
pregnant and lactating women compared to non-pregnant
control.”” A multicenter study showed that the antenatal Pfizer-
BioNTech mRNA vaccine induced a robust maternal humoral
response that effectively transfers to the fetus, supporting the
role of vaccination during pregnancy.”® Vaccinated pregnant
and breastfeeding women had immune responses comparable
to non-pregnant controls, and greater antibody titers were
observed than those seen after SARS-CoV-2 infection during
pregnancy according to prospective cohort research from two
academic institutes. Moreover, after maternal vaccination,
vaccine-generated antibodies were found in umbilical cord
blood and breast milk."”

Currently approved vaccines in the USA are unlikely to
pose specific risks for pregnant women, the fetus, or breast-
feeding newborns.”® Up until June 2021, preclinical and
observational clinical studies suggest that the risks of the
maternal COVID-19 outweigh the undocumented and hypo-
thetical risks of the COVID-19 vaccines given during preg-
nancy.'*"'%* As of the end of May 2021, in the CDC’s v-safe
post-vaccination health system, about 120,000 pregnancies
were reported. Although no specific safety signals have been
found, vaccine safety is still being monitored.'® Furthermore,

S. Alattas et al.

unproven accusations that COVID-19 vaccinations cause
infertility, have been discredited scientifically.'* %

Conclusions and Recommendations

The immunogenicity of COVID-19 vaccines appears to be
lower in some immunocompromised individuals compared
with the general population, and vaccine efficacy is uncer-
tain. These conditions include active use of chemotherapy for
cancer, hematologic malignancies, hematopoietic stem cell or
solid organ transplant, untreated HIV infection with CD4
cell count <200 cells/uL, and use of immunosuppressive
medications (e.g., mycophenolate mofetil; rituximab; and
prednisone >20 mg/day for >14 days).!**!*>14¢1¢7170 Any con-
cern related to vaccination of specific immunocompromised
populations is discussed in detail elsewhere."**'*” One case of
pancreatic rejection was associated with vaccines raising
concern of the safety of risk of vaccines in organ transplant
patients.

As for other populations such as cardiac patients, pulmo-
nary diseases, diabetes, the elderly, pregnant women, etc., it is
expected that the effectiveness of vaccines is similar to that in
the general population. Also, these conditions do not consti-
tute an absolute contraindication to receiving vaccinations. It
is encouraged that these patients discuss their health status
and receive advice from the doctors who follow their cases
before receiving vaccinations.

Conflicts of Interest
There are no conflicts of interest. [l

References

1. Roser, M, et al,, Coronavirus pandemic (COVID-19), in Our world in data.
2021, Our world in data.

2. Belete, .M., Review on up-to-date status of candidate vaccines for
COVID-19 disease. Infection and drug resistance, 2021. 14: p. 151.

3. Yong, C, et al, Recent advances in the vaccine development against
Middle East respiratory syndrome-coronavirus. Frontiers in microbiology,
2019.10: p. 1781.

4. Krammer, F, SARS-CoV-2 vaccines in development. Nature, 2020. 586(7830):
p.516-527.

5. Goodman, J.L., J.D. Grabenstein, and M.M. Braun, Answering key questions
about COVID-19 vaccines. Jama, 2020. 324(20): p. 2027-2028.

6. Francis, Al, et al, Review of COVID-19 vaccine subtypes, efficacy and
geographical distributions. Postgraduate Medical Journal, 2021.

7. Perry, C, etal, Efficacy of the BNT162b2 mRNA COVID-19 vaccine in
patients with B-cell non-Hodgkin lymphoma. Blood Advances, 2021. 5(16):
p. 3053-3061.

8. McDonald, I, et al, Comparative systematic review and meta-analysis of
reactogenicity, immunogenicity and efficacy of vaccines against SARS-
CoV-2. npj Vaccines, 2021.6(1): p. 1-14.

9. Lv, M, etal, Safety, Immunogenicity, and Efficacy of COVID-19 Vaccines in
Children and Adolescents: A Systematic Review. Vaccines, 2021. 9(10): p.
1102.

10. Frenck Jr, RW, et al,, Safety, immunogenicity, and efficacy of the BNT162b2
Covid-19 vaccine in adolescents. New England Journal of Medicine, 2021.

11. Das, BB, et al, Myopericarditis after messenger RNA coronavirus disease
2019 vaccination in adolescents 12 to 18 years of age. The Journal of
Pediatrics, 2021. 238: p. 26-32. e1.

12. Schauer, J, et al,, Myopericarditis after the Pfizer messenger ribonucleic acid
coronavirus disease vaccine in adolescents. The Journal of pediatrics, 2021.
238:p.317-320.

13. Mahase, E., Covid-19: Pfizer and BioNTech submit vaccine for US
authorisation. 2020, British Medical Journal Publishing Group.

14. Walsh, EE, et al,, Safety and immunogenicity of two RNA-based Covid-19
vaccine candidates. New England Journal of Medicine, 2020. 383(25): p.
2439-2450.

15. Polack, FP, etal, Safety and efficacy of the BNT162b2 mRNA Covid-19
vaccine. New England Journal of Medicine, 2020.

92

16. Boyarsky, B.J, et al., Immunogenicity of a single dose of SARS-CoV-2
messenger RNA vaccine in solid organ transplant recipients. Jama, 2021.
325(17): p. 1784-1786.

17. Gray, KJ, etal, Coronavirus disease 2019 vaccine response in pregnant
and lactating women: a cohort study. American Journal of Obstetrics and
Gynecology, 2021.

18. Dagan, N, et al, Effectiveness of the BNT162b2 mRNA COVID-19 vaccine in
pregnancy. Nature medicine, 2021. 27(10): p. 1693-1695.

19. Teo, S.P, Review of COVID-19 mRNA Vaccines: BNT162b2 and mRNA-1273.
Journal of Pharmacy Practice, 2021: p. 08971900211009650.

20. Heaton, PM,, The Covid-19 vaccine-development multiverse. 2020, Mass
Medical Soc. p. 1986-1988.

21. Kaur, S.P.and V. Gupta, COVID-19 Vaccine: A comprehensive status report.
Virus research, 2020: p. 198114.

22. Baden, LR, etal, Efficacy and safety of the mRNA-1273 SARS-CoV-2
vaccine. New England Journal of Medicine, 2021. 384(5): p. 403-416.

23. Bruxvoort, KJ, et al, Effectiveness of mRNA-1273 against delta, mu, and
other emerging variants of SARS-CoV-2: test negative case-control study.
bmj, 2021.375.

24. Oosting, S.F, et al., mRNA-1273 COVID-19 vaccination in patients receiving
chemotherapy, immunotherapy, or chemoimmunotherapy for solid
tumours: a prospective, multicentre, non-inferiority trial. The Lancet
Oncology, 2021.22(12): p. 1681-1691.

25. John, B.V, et al., Association of BNT162b2 mRNA and mRNA-1273 vaccines
with COVID-19 infection and hospitalization among patients with cirrhosis.
JAMA internal medicine, 2021. 181(10): p. 1306-1314.

26. Lacson, E, et al, Immunogenicity of SARS-CoV-2 Vaccine in Dialysis.
medRxiv, 2021.

27. Shimabukuro, T.T,, et al,, Preliminary findings of mRNA Covid-19 vaccine
safety in pregnant persons. New England Journal of Medicine, 2021.
384(24): p. 2273-2282.

28. Mahase, E., How the Oxford-AstraZeneca covid-19 vaccine was made. bmj,
2021.372.

29. Folegatti, PM,, et al,, Safety and immunogenicity of the ChAdOx1 nCoV-19
vaccine against SARS-CoV-2: a preliminary report of a phase 1/2, single-
blind, randomised controlled trial. The Lancet, 2020. 396(10249):

p. 467-478.

J Contemp Med Sci | Vol. 8, No. 2, March-April 2022: 86-95


https://www.uptodate.com/contents/mycophenolate-mofetil-cellcept-and-mycophenolate-sodium-myfortic-drug-information?topicRef=129849&source=see_link
https://www.uptodate.com/contents/rituximab-intravenous-including-biosimilars-of-rituximab-drug-information?topicRef=129849&source=see_link
https://www.uptodate.com/contents/prednisone-drug-information?topicRef=129849&source=see_link

S. Alattas et al.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

J Contemp Med Sci

Hung, I.F. and G.A. Poland, Single-dose Oxford—AstraZeneca COVID-19
vaccine followed by a 12-week booster. The Lancet, 2021. 397(10277): p.
854-855.

. Sheikh, A, et al,, SARS-CoV-2 Delta VOC in Scotland: demographics, risk of

hospital admission, and vaccine effectiveness. The Lancet, 2021.

Voysey, M., et al., Safety and efficacy of the ChAdOx1 nCoV-19 vaccine
(AZD1222) against SARS-CoV-2: an interim analysis of four randomised
controlled trials in Brazil, South Africa, and the UK. The Lancet, 2021.
397(10269): p. 99-111.

Iheanacho, C.O, Ul Eze, and E.A. Adida, A systematic review of effectiveness
of BNT162b2 mRNA and ChAdOx1 adenoviral vector COVID-19 vaccines

in the general population. Bulletin of the National Research Centre, 2021.
45(1): p. 1-10.

Herndndez, AF, et al,, Safety of COVID-19 vaccines administered in the EU:
Should we be concerned? Toxicology Reports, 2021. 8: p. 871-879.
Ramasamy, M.N,, et al,, Safety and immunogenicity of ChAdOx1 nCoV-19
vaccine administered in a prime-boost regimen in young and old adults
(COV002): a single-blind, randomised, controlled, phase 2/3 trial. The
Lancet, 2020. 396(10267): p. 1979-1993.

See, I, etal,, US case reports of cerebral venous sinus thrombosis with
thrombocytopenia after Ad26. COV2. S vaccination, March 2 to April 21,
2021. Jama, 2021.

Bhuyan, P, et al., Very rare thrombosis with thrombocytopenia after
second AZD1222 dose: a global safety database analysis. The Lancet, 2021.
398(10300): p. 577-578.

Sharifian-Dorche, M, et al,, Vaccine-induced immune thrombotic
thrombocytopenia and cerebral venous sinus thrombosis post COVID-19
vaccination; a systematic review. Journal of the neurological sciences, 2021.
428:p. 117607.

Shan, Y, et al,, Multisystem inflammatory syndrome in an adult after
COVID-19. Infectious Diseases in Clinical Practice, 2020. 28(6): p. €28-29.
Marammatom, B.V, et al., Guillain-Barré syndrome following ChAdOx1-S/
nCoV-19 vaccine. Annals of Neurology, 2021.

. Maurya, MR, R. Ravi, and L. Pushparajan, Serious adverse events following

immunization after ChAdOx1 nCov-19 vaccination in India: a single center
experience. The Pan African Medical Journal, 2021. 40.

Maclintyre, C.R, et al, Thrombosis with Thrombocytopenia Syndrome
(TTS) following AstraZeneca ChAdOx1 nCoV-19 (AZD1222) COVID-19
vaccination—A risk-benefit analysis for people< 60 years in Australia.
Vaccine, 2021. 39(34): p. 4784-4787.

Frater, J, et al,, Safety and immunogenicity of the ChAdOx1 nCoV-19
(AZD1222) vaccine against SARS-CoV-2 in HIV infection: a single-arm
substudy of a phase 2/3 clinical trial. The Lancet HIV, 2021.

Asano, M., et al,, Immunogenicity and safety of AZD1222 (ChAdOx1 nCoV-
19) against SARS-CoV-2 in Japan: a double-blind, randomized controlled
phase 1/2 trial. International Journal of Infectious Diseases, 2022. 114: p.
165-174.

Masset, C,, et al,, Pancreas allograft rejection occurring after ChAdOx1 nCoV-
19 vaccine. Diabetes & Metabolism, 2021.

Edwards, A, et al, Acute hyperglycaemic crisis after vaccination against
COVID-19: A case series. Diabetic Medicine, 2021.

Abbink, P, et al,, Comparative seroprevalence and immunogenicity of six
rare serotype recombinant adenovirus vaccine vectors from subgroups B
and D. Journal of virology, 2007. 81(9): p. 4654-4663.

Oliver, S.E, et al,, The advisory committee on immunization practices’
interim recommendation for use of Janssen COVID-19 vaccine—United
States, February 2021. Morbidity and Mortality Weekly Report, 2021. 70(9):
p.329.

Bos, R, etal,, Ad26 vector-based COVID-19 vaccine encoding a prefusion-
stabilized SARS-CoV-2 Spike immunogen induces potent humoral and
cellular immune responses. npj Vaccines, 2020. 5(1): p. 1-11.

Sadoff, J,, et al,, Interim results of a phase 1-2a trial of Ad26. COV2. S
Covid-19 vaccine. New England Journal of Medicine, 2021. 384(19): p. 1824-
1835.

. Bos, R, etal, Ad26 vector-based COVID-19 vaccine encoding a prefusion-

stabilized SARS-CoV-2 Spike immunogen induces potent humoral and
cellular immune responses. NPJ Vaccines. 2020 Sep 28; 5: 91. doi: 10.1038/
s41541-020-00243-x. PMID: 33083026; PMCID: PMC7522255.

Sadoff, J,, et al,, Safety and efficacy of single-dose Ad26. COV2. S vaccine
against Covid-19. New England Journal of Medicine, 2021. 384(23): p. 2187-
2201.

Alter, G,, et al,, Immunogenicity of Ad26. COV2. S vaccine against SARS-
CoV-2 variants in humans. Nature, 2021. 596(7871): p. 268-272.
Thiagarajan, K., What do we know about India’s Covaxin vaccine? BMJ:
British Medical Journal (Online), 2021. 373.

Vol. 8, No. 2, March-April 2022: 86-95

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Review I
Safety and Efficacy of COVID-19 Vaccines in Special Populations

Robert Carlson and H. Lutmer. Covaxin COVID-19 Vaccine. 2021 [cited 2021
13 december]; Available from: https://www.precisionvaccinations.com/
vaccines/covaxin-covid-19-vaccine.

Ella, R, et al, Efficacy, safety, and lot-to-lot immunogenicity of an
inactivated SARS-CoV-2 vaccine (BBV152): interim results of a randomised,
double-blind, controlled, phase 3 trial. The Lancet, 2021.

COVID-19 vaccines, in Drugs and Lactation Database (LactMed). 2006,
National Library of Medicine (US): Bethesda (MD).

Gao, Q, et al., Development of an inactivated vaccine candidate for SARS-
CoV-2. Science, 2020. 369(6499): p. 77-81.

Rego, GN,, et al,, Current clinical trials protocols and the global effort for
immunization against SARS-CoV-2. Vaccines, 2020. 8(3): p. 474.

Asyura, MMM.A.Z, et al.,, Immunogenicity and Safety Analysis of Inactivated
Virus Vaccine against SARS-CoV-2: A Systematic Review of Phase 1/2 Clinical
Trials. Journal of Asian Medical Students’ Association, 2021. 9(1).

Lapitan, M.C,, J.C. Valencia, and M.A. Castor, Is CoronaVac (Sinovac) effective
and safe in the prevention of COVID-19-infections?: A Rapid Review
(Update).

Palacios, R, et al,, Efficacy and safety of a COVID-19 inactivated vaccine in
healthcare professionals in Brazil: the PROFISCOV study. 2021.

Tanriover, M.D,, et al,, Efficacy and safety of an inactivated whole-virion
SARS-CoV-2 vaccine (CoronaVac): interim results of a double-blind,
randomised, placebo-controlled, phase 3 trial in Turkey. The Lancet, 2021.
398(10296): p. 213-222.

Benjamanukul, S., et al,, Safety and immunogenicity of inactivated
COVID-19 vaccine in health care workers. J Med Virol, 2021.

Bueno, S.M,, et al,, Safety and Immunogenicity of an Inactivated SARS-CoV-2
Vaccine in a Subgroup of Healthy Adults in Chile. Clin Infect Dis, 2021.
Fernandes, E.G, et al, Safety and immunogenicity of an inactivated SARS-
CoV-2 vaccine (CoronaVac) in inadvertently vaccinated healthy children. Rev
Inst Med Trop Sao Paulo, 2021. 63: p. e83.

Han, B, et al,, Safety, tolerability, and immunogenicity of an inactivated
SARS-CoV-2 vaccine (CoronaVac) in healthy children and adolescents: a
double-blind, randomised, controlled, phase 1/2 clinical trial. Lancet Infect
Dis, 2021.21(12): p. 1645-1653.

Medeiros-Ribeiro, A.C,, et al., Immunogenicity and safety of the CoronaVac
inactivated vaccine in patients with autoimmune rheumatic diseases: a
phase 4 trial. Nat Med, 2021. 27(10): p. 1744-1751.

Tosun, S., et al., Adverse events report of inactivated COVID-19 vaccine from
4040 healthcare workers. Postgrad Med, 2021: p. 1-7.

Uzer, . and A. Cilli, Acute asthma exacerbation after SARS-CoV-2 vaccine
(Sinovac®): a case report. Med Gas Res, 2022. 12(2): p. 67-68.

Wan, EYF, et al,, Bell's palsy following vaccination with mRNA (BNT162b2)
and inactivated (CoronaVac) SARS-CoV-2 vaccines: a case series and nested
case-control study. Lancet Infect Dis, 2021.

Wu, Z,, et al,, Safety, tolerability, and immunogenicity of an inactivated
SARS-CoV-2 vaccine (CoronaVac) in healthy adults aged 60 years and older:
a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial.
Lancet Infect Dis, 2021. 21(6): p. 803-812.

Zhao, H., Y. Li, and Z. Wang, Adverse event of Sinovac Coronavirus vaccine:
Deafness. Vaccine, 2021.

Alencar, CH, et al,, High effectiveness of SARS-CoV-2 vaccines in reducing
COVID-19-related deaths in over 75-year-olds, Ceara state, Brazil. Tropical
Medicine and Infectious Disease, 2021. 6(3): p. 129.

Karacin, C, et al., Immunogenicity and safety of the CoronaVac vaccine in
patients with cancer receiving active systemic therapy. Future Oncology,
2021.17(33): p. 4447-4456.

Medeiros-Ribeiro, A.C,, et al., Immunogenicity and safety of the CoronaVac
inactivated vaccine in patients with autoimmune rheumatic diseases: a
phase 4 trial. Nature medicine, 2021. 27(10): p. 1744-1751.

Seyahi, E, et al.,, Antibody response to inactivated COVID-19 vaccine
(CoronaVac) in immune-mediated diseases: a controlled study among
hospital workers and elderly. Rheumatology international, 2021: p. 1-12.
Robert Carlson and H. Lutmer. Sinopharm COVID-19 Vaccine (BBIBP-

CorV). 2021 [cited 2021 15 december]; Available from: https://www.
precisionvaccinations.com/vaccines/sinopharm-covid-19-vaccine-bbibp-corv.
Wang, H,, et al., Development of an inactivated vaccine candidate, BBIBP-
CorV, with potent protection against SARS-CoV-2. Cell, 2020. 182(3): p.
713-721.€9.

Al Kaabi, N,, et al,, Effect of 2 Inactivated SARS-CoV-2 Vaccines on Symptomatic
COVID-19 Infection in Adults: A Randomized Clinical Trial. Jama, 2021.

WHO. Evidence Assessment:Sinopharm/BBIBP COVID-19 vaccine. 2021
[cited 2021 15 december]; Available from: https://cdn.who.int/media/docs/
default-source/immunization/sage/2021/april/2_sage29apr2021_critical-
evidence_sinopharm.pdf.

93


https://www.precisionvaccinations.com/vaccines/covaxin-covid-19-vaccine
https://www.precisionvaccinations.com/vaccines/covaxin-covid-19-vaccine
https://www.precisionvaccinations.com/vaccines/sinopharm-covid-19-vaccine-bbibp-corv
https://www.precisionvaccinations.com/vaccines/sinopharm-covid-19-vaccine-bbibp-corv
https://cdn.who.int/media/docs/default-source/immunization/sage/2021/april/2_sage29apr2021_critical-evidence_sinopharm.pdf
https://cdn.who.int/media/docs/default-source/immunization/sage/2021/april/2_sage29apr2021_critical-evidence_sinopharm.pdf
https://cdn.who.int/media/docs/default-source/immunization/sage/2021/april/2_sage29apr2021_critical-evidence_sinopharm.pdf

Review
Safety and Efficacy of COVID-19 Vaccines in Special Populations

82.

83.

84.

85.

86.

87.

88.

89.

90.

9.

92.

93.

94.

95.

96.

97.

98.

99.

94

Ariamanesh, M., et al., Immunogenicity and Safety of the inactivated
SARS-CoV-2 vaccine (BBIBP-CorV) in patients with malignancy. Cancer
Investigation, 2021: p. 1-9.

Burki, TK., The Russian vaccine for COVID-19. The Lancet Respiratory
Medicine, 2020. 8(11): p. e85-86.

Logunov, D.Y, et al,, Safety and efficacy of an rAd26 and rAd5 vector-
based heterologous prime-boost COVID-19 vaccine: an interim analysis
of a randomised controlled phase 3 trial in Russia. The Lancet, 2021.
397(10275): p. 671-681.

Rossi, AH. etal, Sputnik V vaccine elicits seroconversion and neutralizing
capacity to SARS-CoV-2 after a single dose. Cell Reports Medicine, 2021.
2(8): p. 100359.

Baraniuk, C., Covid-19: What do we know about Sputnik V and other
Russian vaccines? bmj, 2021. 372.

Bucci, EM,, et al, Data discrepancies and substandard reporting of interim
data of Sputnik V phase 3 trial. The Lancet, 2021. 397(10288): p. 1881-1883.
Babamahmoodi, F, et al,, Side effects and Immunogenicity following
administration of the Sputnik V COVID-19 vaccine in health care workers in
Iran. Scientific Reports, 2021. 11(1): p. 1-8.

Mehraeen, E,, S. SeyedAlinaghi, and A. Karimi, Can children of the
Sputnik V vaccine recipients become symptomatic? Human Vaccines &
Immunotherapeutics, 2021. 17(10): p. 3500-3501.

Gonzdlez, S., et al,, Effectiveness of the first component of Gam-COVID-
Vac (Sputnik V) on reduction of SARS-CoV-2 confirmed infections,
hospitalisations and mortality in patients aged 60-79: a retrospective
cohort study in Argentina. EClinicalMedicine, 2021. 40: p. 101126.
Tsimafeyeu, |, et al,, Safety and preliminary efficacy of the Gam-COVID-Vac
vaccine and outcomes of SARS-CoV-2 infection in Russian patients with
genitourinary malignancies. Journal of hematology & oncology, 2021.
14(1): p. 1-7.

Biospace. UPDATED Comparing COVID-19. 2021 [cited 2021 15
December]; Available from: https://www.biospace.com/article/
comparing-covid-19-vaccines-pfizer-biontech-moderna-astrazeneca-
oxford-j-and-j-russia-s-sputnik-v/.

Gov.Canda. COVID-19 vaccines and treatments portal. 2022 [cited 2022 10
Februray]; Available from: COVID-19 vaccines and treatments portal.

CDC. Selected Adverse Events Reported after COVID-19 Vaccination. 2021
Updated June 23, 2021 [cited 2021 26 JUNEJ; Available from: https://www.
cdc.gov/coronavirus/2019-ncov/vaccines/safety/adverse-events.html.
Spiera, R, S. Jinich, and D. Jannat-Khah, Rituximab, but not other
antirheumatic therapies, is associated with impaired serological response
to SARS-CoV-2 vaccination in patients with rheumatic diseases. Annals of
the Rheumatic Diseases, 2021.

Simon, D, et al.,, SARS-CoV-2 vaccination responses in untreated,
conventionally treated and anticytokine-treated patients with immune-
mediated inflammatory diseases. Annals of the rheumatic diseases, 2021.
Soy, M., et al,, A practical approach for vaccinations including COVID-19

in autoimmune/autoinflammatory rheumatic diseases: a non-systematic
review. Clinical Rheumatology, 2021: p. 1-13.

Peter, J., COVID-19 vaccination: Recommendations for management of
patients with allergy orimmune-based diseases. South African Medical
Journal, 2021. 111(4): p. 291-294.

Erskine, D. Using COVID-19 vaccines in patients with anticoagulation and
bleeding disorders. 2021 [cited 2021 10 June ]; Available from: https://
www.sps.nhs.uk/articles/using-covid-19-vaccines-in-patients-with-
anticoagulation-and-bleeding-disorders/.

. Velikov, T, G. Keremidchiev, and T. Velikova, How to use Safely COVID-19

Vaccines in Patients on Anticoagulants or Antiaggregants. International
Journal of Preventive Cardiology, 2021. 1(1): p. 32-33.

. The Lancet, H., COVID-19 vaccination in haematology services. Lancet

Haematol, 2021. 8(2): p. 95.

. Agrati, C, et al, Immunogenicity and safety of BNT162b2 COVID-19

vaccine in a chronic lymphocytic leukaemia patient. Journal of cellular and
molecular medicine, 2021: p. 10.1111/jcmm.16565.

. Harrington, P, et al,, Single dose of BNT162b2 mRNA vaccine against SARS-

CoV-2 induces high frequency of neutralising antibody and polyfunctional
T-cell responses in patients with myeloproliferative neoplasms. Leukemia,
2021:p. 1-5.

. Herishanu, Y, et al, Efficacy of the BNT162b2 mRNA COVID-19 vaccine

in patients with chronic lymphocytic leukemia. Blood, The Journal of the
American Society of Hematology, 2021. 137(23): p. 3165-3173.

. Houot, R, etal, Could anti-CD20 therapy jeopardise the efficacy of a SARS-

CoV-2 vaccine? European Journal of Cancer, 2020. 136: p. 4-6.
Roeker, LE, et al, COVID-19 vaccine efficacy in patients with chronic
lymphocytic leukemia. Leukemia, 2021: p. 1-3.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

S. Alattas et al.

Pimpinelli, F, et al,, Fifth-week immunogenicity and safety of anti-
SARS-CoV-2 BNT162b2 vaccine in patients with multiple myeloma and
myeloproliferative malignancies on active treatment: preliminary data
from a single institution. Journal of Hematology & Oncology, 2021. 14(1):
p. 1-12.

Hwang, J.K,, et al., COVID-19 vaccines for patients with cancer: benefits
likely outweigh risks. Journal of hematology & oncology, 2021. 14(1): p.
1-11.

Giesen, N, et al, 2021 update of the AGIHO guideline on evidence-based
management of COVID-19 in patients with cancer regarding diagnostics,
viral shedding, vaccination and therapy. European Journal of Cancer, 2021.
147:p. 154-160.

McCaughan, G, et al., COVID-19 vaccination in haematology patients:

an Australian and New Zealand consensus position statement. Internal
Medicine Journal, 2021. 51(5): p. 763-768.

Tougeron, D, et al,, Severe acute respiratory syndrome coronavirus 2
vaccination for patients with solid cancer: Review and point of view of a
French oncology intergroup (GCO, TNCD, UNICANCER). European Journal
of Cancer, 2021. 150: p. 232-239.

ESC. COVID-19 vaccine information for heart patients. 2021 [cited 2021 2
July 1; Available from: https://www.escardio.org/Education/COVID-19-and-
Cardiology/covid-19-and-vaccinations.

Driggin, E, et al,, ACC health policy statement on cardiovascular disease
considerations for COVID-19 vaccine prioritization: a report of the
American college of cardiology solution set oversight committee. Journal
of the American College of Cardiology, 2021. 77(15): p. 1938-1948.

AHA. COVID-19 vaccine is high priority for cardiac patients. 2021 [cited
2021 2 July ]; Available from: https://www.heart.org/en/beyond-the-
table/stories/covid-19-vaccine-is-high-priority-for-cardiac-patients.
Verstraeten, T, et al., Diabetes mellitus as a vaccine-effect modifier: a
review. Expert Review of Vaccines, 2020. 19(5): p. 445-453.

Pal, R, et al,, Impaired anti-SARS-CoV-2 antibody response in non-severe
COVID-19 patients with diabetes mellitus: A preliminary report. Diabetes &
Metabolic Syndrome: Clinical Research & Reviews, 2021. 15(1): p. 193-196.
Dispinseri, S., et al., Robust neutralizing antibodies to SARS-CoV-2 develop
and persist in subjects with diabetes and COVID-19 pneumonia. The
Journal of Clinical Endocrinology & Metabolism, 2021. 106(5): p. 1472-
1481.

Lampasona, V, et al., Antibody response to multiple antigens of
SARS-CoV-2 in patients with diabetes: an observational cohort study.
Diabetologia, 2020. 63(12): p. 2548-2558.

Food and D. Administration, Emergency use authorization (EUA) of the
Pfizer-Biontech COVID-19 vaccine to prevent coronavirus disease 2019
(COVID-19). Food and Drug Administration, Silver Spring, MS, USA, 2019.
Mahase, E., Covid-19: Moderna vaccine is nearly 95% effective, trial
involving high risk and elderly people shows. BMJ: British Medical Journal
(Online), 2020.371.

Gee, J.,, First month of COVID-19 vaccine safety monitoring—United
States, December 14, 2020-January 13,2021. MMWR. Morbidity and
mortality weekly report, 2021. 70.

(IDF), I.D.F. Diabetes & Coronavirus Vaccination. 2021 [cited 2021 10 June];
Available from: https://idf.org/our-network/regions-members/europe/
europe-news/370-diabetes-coronavirus-vaccination.html.

Marjot, T, et al.,, SARS-CoV-2 vaccination in patients with liver disease:
responding to the next big question. Lancet Gastroenterol Hepatol, 2021.
6(3): p. 156-158.

Bril, F, et al., Autoimmune hepatitis developing after coronavirus disease
2019 (COVID-19) vaccine: Causality or casualty? J Hepatol, 2021.

AASLD. COVID-19 AND THE LIVER. 2021 [cited 2021 12 June ]; Available
from: https://www.aasld.org/about-aasld/covid-19-and-liver.

Fix, O.K, et al., AASLD Expert Panel Consensus Statement: Vaccines to
Prevent COVID-19 Infection in Patients with Liver Disease. Hepatology.
n/a(n/a).

Algahtani, S.A, et al., Use of COVID-19 vaccines in patients with liver
disease and post-liver transplantation: Position statement of the Saudi
association for the study of liver diseases and transplantation. 2021.
Russo, F.P, et al,, Italian association for the study of the liver position
statement on SARS-CoV2 vaccination. Dig Liver Dis, 2021. 53(6):
p.677-681.

Teijaro, J.R. and D.L. Farber, COVID-19 vaccines: modes of immune
activation and future challenges. Nature Reviews Immunology, 2021: p. 1-3.
Heldman, M.R. and A.P. Limaye, SARS-CoV-2 Vaccines in Kidney
Transplant Recipients: Will They Be Safe and Effective and How Will We
Know? Journal of the American Society of Nephrology, 2021. 32(5): p.
1021-1024.

J Contemp Med Sci | Vol. 8, No. 2, March-April 2022: 86-95


https://www.biospace.com/article/comparing-covid-19-vaccines-pfizer-biontech-moderna-astrazeneca-oxford-j-and-j-russia-s-sputnik-v/
https://www.biospace.com/article/comparing-covid-19-vaccines-pfizer-biontech-moderna-astrazeneca-oxford-j-and-j-russia-s-sputnik-v/
https://www.biospace.com/article/comparing-covid-19-vaccines-pfizer-biontech-moderna-astrazeneca-oxford-j-and-j-russia-s-sputnik-v/
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/adverse-events.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/adverse-events.html
https://www.sps.nhs.uk/articles/using-covid-19-vaccines-in-patients-with-anticoagulation-and-bleeding-disorders/
https://www.sps.nhs.uk/articles/using-covid-19-vaccines-in-patients-with-anticoagulation-and-bleeding-disorders/
https://www.sps.nhs.uk/articles/using-covid-19-vaccines-in-patients-with-anticoagulation-and-bleeding-disorders/
https://www.escardio.org/Education/COVID-19-and-Cardiology/covid-19-and-vaccinations
https://www.escardio.org/Education/COVID-19-and-Cardiology/covid-19-and-vaccinations
https://www.heart.org/en/beyond-the-table/stories/covid-19-vaccine-is-high-priority-for-cardiac-patients
https://www.heart.org/en/beyond-the-table/stories/covid-19-vaccine-is-high-priority-for-cardiac-patients
https://idf.org/our-network/regions-members/europe/europe-news/370-diabetes-coronavirus-vaccination.html
https://idf.org/our-network/regions-members/europe/europe-news/370-diabetes-coronavirus-vaccination.html
https://www.aasld.org/about-aasld/covid-19-and-liver

S. Alattas et al.

131.

Pormohammad, A, et al,, Efficacy and Safety of COVID-19 Vaccines: A
Systematic Review and Meta-Analysis of Randomized Clinical Trials.
Vaccines (Basel), 2021.9(5).

. Xing, K, et al,, Efficacy and safety of COVID-19 vaccines: a systematic

review. Zhongguo dang dai er ke za zhi = Chinese journal of
contemporary pediatrics, 2021. 23(3): p. 221-228.

. Yuan, P, et al,, Safety, Tolerability, and Immunogenicity of COVID-19

Vaccines: A Systematic Review and Meta-Analysis. medRxiv, 2020.

. Kute, V, et al, NOTTO COVID-19 vaccine guidelines for transplant

recipients. Indian Journal of Transplantation, 2021. 15(1): p. 1.

. Memberships, M. and T. Join, TID COVID-19 Guidance Focused Review:

SARS-CoV-2 Vaccines in Transplant Recipients.

. Yi,S.G, et al, Kidney Transplant Recipients Rarely Show an Early

Antibody Response Following the First COVID-19 Vaccine Administration.
Transplantation, 2021. 105(7): p. e72-e73.

. Grupper, A, et al,, Reduced humoral response to mRNA SARS-CoV-2

BNT162b2 vaccine in kidney transplant recipients without prior
exposure to the virus. American Journal of Transplantation, 2021. 21(8):
p. 2719-2726.

. Benotmane, |, et al., Weak anti-SARS-CoV-2 antibody response after

the first injection of an mRNA COVID-19 vaccine in kidney transplant
recipients. Kidney Int, 2021. 99(6): p. 1487-1489.

. Benotmane, |, et al., Low immunization rates among kidney transplant

recipients who received 2 doses of the mRNA-1273 SARS-CoV-2 vaccine.
Kidney Int, 2021. 99(6): p. 1498-1500.

. Nacif, LS, et al, COVID-19 in solid organ transplantation patients: A

systematic review. Clinics (Sao Paulo), 2020. 75: p. e1983.

. Boyarsky, B.J,, et al,, Antibody Response to 2-Dose SARS-CoV-2 mRNA

Vaccine Series in Solid Organ Transplant Recipients. Jama, 2021.

. Ali, N.M, et al,, Development of COVID-19 Infection in Transplant

Recipients After SARS-CoV-2 Vaccination. Transplantation, 2021.

. Curtis, JR, et al,, American College of Rheumatology Guidance for

COVID-19 Vaccination in Patients With Rheumatic and Musculoskeletal
Diseases: Version 2. Arthritis & Rheumatology, 2021. 73(8): p. e30-e45.
Marion, O, et al., Safety and Immunogenicity of Anti-SARS-CoV-2
Messenger RNA Vaccines in Recipients of Solid Organ Transplants. Annals
of Internal Medicine, 2021.

. Connolly, CM, et al,, Absence of humoral response after two-dose

SARS-CoV-2 messenger RNA vaccination in patients with rheumatic and
musculoskeletal diseases: a case series. Annals of Internal Medicine, 2021.

. Kathryn M Edwards, Walter A Orenstein, and A. Sacchi. COVID-19: Vaccines

to prevent SARS-CoV-2 infection. 2021; Available from: https://www.
uptodate.com/contents/covid-19-vaccines-to-prevent-sars-cov-2-
infection.

. Weinberger, B, et al,, Biology of immune responses to vaccines in elderly

persons. Clinical Infectious Diseases, 2008. 46(7): p. 1078-1084.

. Jackson, L.A,, et al,, An mRNA vaccine against SARS-CoV-2—preliminary

report. New England Journal of Medicine, 2020.

. Anderson, E.J, et al,, Safety and immunogenicity of SARS-CoV-2 mRNA-

1273 vaccine in older adults. New England Journal of Medicine, 2020.
383(25): p. 2427-2438.

. Teo, S.P, Review of COVID-19 Vaccines and Their Evidence in Older Adults.

Annals of geriatric medicine and research, 2021. 25(1): p. 4.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Review I
Safety and Efficacy of COVID-19 Vaccines in Special Populations

Torjesen, |, Covid-19: Pizer-BioNTech vaccine is “likely" responsible for
deaths of some elderly patients, Norwegian review finds. BMJ: British
Medical Journal (Online), 2021. 373.

Lv, G, et al,, Mortality Rate and Characteristics of Deaths Following
COVID-19 Vaccination. Frontiers in Medicine, 2021. 8(649).

Polack, FP, et al., Safety and Efficacy of the BNT162b2 mRNA Covid-19
Vaccine. New England Journal of Medicine, 2020. 383(27): p. 2603-2615.
FDA, F, Briefing Document, Moderna COVID-19 Vaccine. 2020, US Food
and Drug Administration.

Werbel, W.A, et al,, Safety and Immunogenicity of a Third Dose of SARS-
CoV-2 Vaccine in Solid Organ Transplant Recipients: A Case Series. Ann
Intern Med, 2021.

Shimabukuro, T.T,, et al,, Preliminary Findings of mRNA Covid-19 Vaccine
Safety in Pregnant Persons. New England Journal of Medicine, 2021.
384(24): p. 2273-2282.

Atyeo, C,, et al., COVID-19 mRNA vaccines drive differential Fc-
functional profiles in pregnant, lactating, and non-pregnant women.
bioRxiv, 2021.

Beharier, O, et al., Efficient maternal to neonatal transfer of antibodies
against SARS-CoV-2 and BNT162b2 mRNA COVID-19 vaccine. The Journal
of Clinical Investigation, 2021. 131(13).

Gray, KJ,, etal, Coronavirus disease 2019 vaccine response in pregnant
and lactating women: a cohort study. Am J Obstet Gynecol, 2021.

Male, V., Are COVID-19 vaccines safe in pregnancy? Nature Reviews
Immunology, 2021: p. 1-2.

Brillo, E., et al,, COVID-19 vaccination in pregnancy and postpartum. J
Matern Fetal Neonatal Med, 2021: p. 1-21.

Vincenzo Berghella and Brenna Hughes. COVID-19: Pregnancy issues and
antenatal care. 2021 [cited 2021 6 June]; Available from: https://www.
uptodate.com/contents/covid-19-pregnancy-issues-and-antenatal-care.
CDC-3.V-safe COVID-19 Vaccine Pregnancy Registry. 2021 2 June

2021 [cited 2021 6 June]; Available from: https://www.cdc.gov/
coronavirus/2019-ncov/vaccines/safety/vsafepregnancyregistry.html.
Sajjadi, N.B,, et al.,, United States internet searches for “infertility”
following COVID-19 vaccine misinformation. Journal of osteopathic
medicine, 2021.

lacobucdi, G., Covid-19: No evidence that vaccines can affect fertility, says
new guidance. 2021, British Medical Journal Publishing Group.
Bowman, CJ, et al, Lack of effects on female fertility and prenatal and
postnatal offspring development in rats with BNT162b2, a mRNA-based
COVID-19 vaccine. Reprod Toxicol, 2021. 103: p. 28-35.

(CDC-2, Updated healthcare infection prevention and control
recommendations in response to COVID-19 vaccination. . 2021.

Goupil, R, et al, Short-term antibody response after 1 dose of BNT162b2
vaccine in patients receiving hemodialysis. CMAJ, 2021. 193(22): p.
E793-E800.

Boyarsky, B.J.,, et al., Antibody response to 2-dose SARS-CoV-2 mRNA
vaccine series in solid organ transplant recipients. Jama, 2021. 325(21): p.
2204-2206.

Monin, L, et al,, Safety and immunogenicity of one versus two doses of
the COVID-19 vaccine BNT162b2 for patients with cancer: interim analysis
of a prospective observational study. The Lancet Oncology, 2021. 22(6):
p. 765-778.

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

J Contemp Med Sci

Vol. 8, No. 2, March-April 2022: 86-95

https://doi.org/10.22317/jcms.v8i2.1197 95


https://www.uptodate.com/contents/covid-19-vaccines-to-prevent-sars-cov-2-infection
https://www.uptodate.com/contents/covid-19-vaccines-to-prevent-sars-cov-2-infection
https://www.uptodate.com/contents/covid-19-vaccines-to-prevent-sars-cov-2-infection
https://www.uptodate.com/contents/covid-19-pregnancy-issues-and-antenatal-care
https://www.uptodate.com/contents/covid-19-pregnancy-issues-and-antenatal-care
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafepregnancyregistry.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/vsafepregnancyregistry.html

