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Abbreviations

ACIP advisory committee on immunization practices

AE adverse events

AEFI adverse events following immunization

AVA anthrax vaccine adsorbed

BCG Bacillus Calmette-Guerin vaccine

DTaP diphtheria + tetanus toxoid +acellular pertussis vaccine

GRADE grading of recommendations, assessment, development, and
evaluation

HAV hepatitis A vaccine

HA-L hepatitis A live vaccine

HA-I hepatitis A inactivated vaccine

HBV hepatitis B vaccine

Hib Haemophilus influenzae type B vaccine

HPV human papillomavirus

HPV4 quadrivalent human papillomavirus vaccine

HZ/su  herpes zoster subunit vaccine

HZV herpes zoster vaccine

v inactivated influenza vaccine

IPV inactivated poliovirus vaccine

JE Japanese encephalitis vaccine

JE-CV  Japanese encephalitis chimeric vaccine

LAIV live attenuated influenza vaccine

LA-JEV live attenuated Japanese encephalitis vaccine

MenB Neisseria meningitidis serogroup B vaccine

MenC  Neisseria meningitidis serogroup C vaccine

MMR measles + mumps +rubella vaccine

MMRYV  measles+mumps +rubella + varicella vaccine

MMWR  morbidity and Mortality Weekly Report

orv oral poliovirus vaccine

PCV10  10-valent pneumococcal conjugate vaccine

PCV13  13-valent pneumococcal conjugate vaccine

PCV15 15-valent pneumococcal conjugate vaccine

PCV23  23-valent pneumococcal conjugate vaccine

PfSPZ  Plasmodium falciparum sporozoite vaccine

PPSV23 23-valent pneumococcal polysaccharide vaccine

QIv quadrivalent influenza vaccine

RIV4 recombinant influenza vaccine

RV rotavirus vaccine

RZV recombinant zoster vaccine

SAE serious adverse events

TDaP tetanus toxoid + diphtheria toxoid +acellular pertussis vaccine

TIV tetravalent influenza vaccine

VVVL  varicella virus vaccine live
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COVID-19 [SEDA-43, 355-357]

Vaccines play a leading role in returning life to a semblance
of normalcy even with the confounders of COVID-19 variants
and incomplete vaccine uptake. Concerns persist with the
safety of the COVID-19 vaccines, although the evidence
for all approved vaccines shows a strong safety profile.
Even with the strong safety profiles of vaccines generally,
concerns with AEs associated with all vaccines, not just
COVID-19 vaccines, have also increased.

As noted last year, the safety profile of COVID-19 vaccines
should be compared to the symptoms and risks associated with
COVID-19 infection. Many, including medical profes-
sionals and scientists, compare the safety profiles of the
vaccine with pre-pandemic health. Using pre-pandemic
health as the baseline obscures true risk. Further, many
espouse natural immunity sometimes over vaccination.
Most would agree that natural immunity is good; how-
ever, natural immunity is espoused without noting the
associated health risks by not vaccinating, especially
long-term COVID-19 infection risks (i.e., Long COVID)
and inconsistent natural protection (Karlsson et al., 2021
[1], p- 19).

General

COVID-19 vaccines reviewed last year (Moderna’s
mRNA-1273, BioNTech/Pfizer BNT162b2, Janssen Ad.26.
COV2S (J&J), Oxford Vaxzevria, Sinovac CoronaVac)
had a consistent safety profile even with widescale rollout
with a few rare exceptions that are noted briefly in this
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paragraph and in detail in the body of this chapter.
A systematic review and metanalysis of U.S.-approved
COVID-19 vaccines showed that the overall pooled
incidence rate was 1.5% for AEs, 0.4 per 10000 for SAEs,
and 0.1 in 10000 for death after vaccination. The authors
noted that the analysis showed a “reassuring safety” pro-
file, especially in comparison to disease outcomes. A
VAERS study confirmed this finding and suggests that
vulnerable populations should have long-term post-
marketing surveillance. A review of all AEs associated
with COVID-19 vaccination included myocarditis, rhab-
domyolysis, Bell’s Palsy, Acute Disseminated Encephalo-
myelitis, Acute Transverse Myelitis, Guillain-Barré
syndrome, Myocarditis/Pericarditis, Thrombotic Throm-
bocytopenia, and Anaphylaxis showed most AEs were
rare and self-limited. Safety Surveillance of COVID-19
mRNA vaccines was assessed through the Vaccine
Safety Datalink. The study showed that the COVID-19
vaccines, especially the mRNA vaccines, maintained a
strong safety profile for the general population with
a small risk for vaccinees aged 12-39years for develop-
ing myocarditis/ pericarditis (detailed below) . Generally,
inactivated COVID-19 vaccines report the lowest AEs.

The four approved vaccines (by World Health
Organization) not reviewed last year are discussed here
for their safety profile and notable adverse events.

SERUM INSTITUTE OF INDIA NVX-COV2373/NOVAVAX
(COVAVAX, NUVAXOVID)

In clinical trials of NVX-CoV2373 COVID-19 Vaccine
of 14039 people, the AEs, including reactogenicity,
were mild and self-resolving. The incidence of SAEs
was comparable to placebo. The safety profile of
COVOVAX was determined to be acceptable. The
vaccine is currently approved for all adults by WHO
and numerous other countries either as a EUA or with
full authorization.

BHARAT BIOTECH BBV152 (COVAXIN)

The Bharat Biotech BBV152 vaccine is an inactivated,
whole-virus vaccine (using beta-propiolactone) . The
BBV152 vaccine is approved by WHO and numerous
other countries for all adults. Contraindications specific
to BBV152 include hypersensitivities to active substance
or excipients in the vaccine or fever or acute infection [S];
In a phase 3 trial (NCT04641481) of 25798 participants
vaccinated with BBV152, there was “no clinically signif-
icant differences in the distributions of solicited, unsoli-
cited, or serious adverse events between the groups,
and no cases of anaphylaxis or vaccine-related deaths”.

CHINA NATIONAL BIOTEC GROUP (CNBG),
SINOPHARM BIBP OR BBIBP-CORYV (COVILO)

The Sinopharm BIBP COVID-19 vaccine is an
inactivated, whole-virus vaccine (again using beta-
propiolactone). BBIBP-CorV uses technology similar to
the Covaxin and CoronaVac vaccines. WHO approved
BIBP-CorV, noting that the safety data presented for
BIBP-CorV vaccination in clinical trials showed an
acceptable safety profile (Interim Recommendations for
Use of the Inactivated COVID-19 Vaccine BIBP Devel-
oped by China National Biotec Group (CNBG)).

Susceptibility factors
AGE

While older people have been underrepresented in
COVID-19 clinical trials, the safety profile of approved
COVID-19 in the elderly remains strong. Trials of mRNA
vaccination in older people show an acceptable safety
profile, with most AEs being mild to moderate and
self-limiting. SAEs are rare, which is consistent with the
overall profile in the general population [R]. A VAERS
Analysis reported that older adults had higher reported
rates of AEs, SAEs, and death. Norway reported the
deaths of 23 “frail” elderly people after BNT162b vaccina-
tion. Norwegian Medicines Agency and the Norwegian
Institute of Public Health did not identify any evidence
the deaths were associated with the vaccine.

In clinical trials of mRNA-1273 and BNT162b2
COVID-19 vaccines in adolescents aged 12-17, the data
showed an acceptable safety profile. BNT162b has been
approved for emergency use (EUA) in this age group.
The CDC reviewed VAERS and v-safe data for the
BNT162b vaccine and noted that myocarditis, a rare
but SAE, was observed after vaccination with mRNA
vaccines. Cases of myocarditis in this age group have
been reported, with most self-resolving rapidly after
treatment .

Preauthorization trials for BNT162b2 in children aged
5-11years reported an acceptable safety profile, but addi-
tional studies would provide a more complete picture.

ALLERGIES

Anaphylaxis is a well-known, rare, and serious AEs
to COVID-19 vaccination, particularly with the mRNA
vaccines. According to a VAERS analysis, anaphylactic
reactions were not disproportionately associated with
mRNA vaccines. However, in post-surveillance monitor-
ing, women were more susceptible to anaphylaxis for
the LNP-mRNA vaccines . Allergies have been consid-
ered a susceptibility factor, and the administration of
COVID-19 vaccines is recommended with monitoring
for potential anaphylaxis reactions. An allergy workup
is recommended in the case of allergic/anaphylactic
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reactions. Polyethylene glycol (PEG) and polysorbate 80,
both common in household and food products, are the
primary allergens in COVID-19 vaccines. Guidance for
patients with allergies to cow’s milk is to vaccinate with
protracted observation in case of anaphylaxis.

ANXIETY

Stress-related AEs are common and include acute
anxiety, vasovagal reactions (e.g., syncope), mass psy-
chogenic illness, and possibly functional neurological
disorders. Individuals with negative expectations and/
or anxiety (nocebo effect) about vaccination report an
increased number of AEs .

AUTOIMMUNE

Patients with autoimmune diseases, including psoria-
sis, vaccinated with a COVID-19 vaccine show a similar
safety profile to the overall safety profile with a small risk
of mild, self-limiting autoimmune events. A study of 250
patients with autoimmune and inflammatory rheumatic
diseases (AIIRD) vaccinated for COVID-19 also showed
a strong safety profile, with only grade 1 and 2 AEs
reported. The National Psoriasis Foundation COVID-19
task force recommends vaccination immediately for indi-
viduals with psoriasis where it is not contraindicated and
continue their therapies . Patients with SLE are advised to
be vaccinated with attention to individual situations.
A case series of five patients with preexisting immune
dysregulation developed hyperinflammatory syndromes
after vaccination with mRNA vaccines .

BMI

In a survey conducted in Spain, most AEs were not
related to BML

DERMATOLOGICAL DISEASES

For patients with dermatological diseases such as
eczema, atopic dermatitis, psoriasis, vitiligo, lichen pla-
nus, urticaria, and dermatological infections, COVID-19
vaccines are recommended unless the patient has been
seriously ill (wait for 4-8 weeks).

EPILEPSY

A study using a questionnaire given to people with
epilepsy (PWE) concluded that BNT162b2 and ChAdOx1
vaccines have a good safety profile in PWE vaccinees with
a minimal risk of seizure worsening longitudinally after
vaccination.

IMMUNOCOMPROMISED

Patients with HIV who were administered COVID-19
vaccines had a similar safety profile to the overall clinical
trial safety profile (i.e., overall grade 1 and 2 AEs that
were self-limiting).

Patients who received a solid organ transplant (SOT)
and a two-dose mRNA-1273 vaccine had an acceptable
safety profile, as did a small clinical trial with a third dose.

INFLAMMATORY BOWEL DISEASE

The British Society of Gastroenterology Inflammatory
Bowel Disease section endorsed vaccination for patients
with Irritable Bowel Disease (IBD) as “likely to outweigh
[the] theoretical concerns” associated with COVID-19
vaccination. A VAERS study of 3908 AEFIs in patients
with IBD after COVID-19 vaccines showed AEs were
non-severe reactions. A study of 3316 individuals with
IBD and at least one COVID-19 vaccine showed that
the vaccines are safe and have low IBD flare rates (2%).

MASTOCYTOSIS

Patients with mastocytosis are recommended to
receive COVID-19 vaccination with monitoring due to
the low incidence of AEs.

NEURODEGENERATIVE DISEASES

Neurodegenerative diseases include Parkinson’s dis-
ease (PD), Alzheimer’s disease (AD), multiple sclerosis
(MS), and amyotrophic lateral sclerosis (ALS). Age and
immunosuppression, commonly associated with neuro-
degenerative diseases, affect the safety of all vaccines,
including COVID-19. Additional study is warranted for
the safety of COVID-19 vaccines for patients with neuro-
degenerative diseases; however, initial data support
vaccination due to an acceptable safety profile. For MS
patients, surveys of patients with multiple sclerosis that
were vaccinated indicated a favorable safety profile.
Authors urge more studies on vaccinating patients with
neurodegenerative diseases.

NEUROMUSCULAR DISORDERS

Patients with neuromuscular disorders are recom-
mended to get the vaccine. Additional guidance with
considerable detail is provided in the manuscript.

ONCOLOGY

Studies of patients with solid-tumor cancers vacci-
nated with a COVID-19 vaccine showed the vaccine
was well tolerated with minimal safety concerns. Kuderer
et al. noted that patients on active cancer therapies need
extra attention for planning and monitoring the timing of
vaccination to maintain the safety and efficacy of both
vaccine and cancer therapies. Patients with other cancers
(not solid tumors) receiving COVID-19 vaccines have a
similar safety profile to the overall population (mild
reactogenicity).
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PREVIOUS INFECTION

Herpes zoster (HZ) reinfection after mRNA COVID-19
vaccination has been reported by several studies . Tranta-
fyllidis et al. reviewed the literature and noted 91 cases of
HZ reinfection. The vaccine has not been causally linked
to reinfection . The authors noted that further study here
is warranted.

SEX

While a VAERS analysis suggested higher rates of AEs
and SAEs for men, a meta-analysis comparing sex differ-
ences in the safety profile of COVID-19 vaccines indicates
that there is an increase in AEs for women and also
supports the need to include sex as a biological variable
in all studies. The rate of anaphylaxis is slightly higher
in women in postvaccination surveillance systems, most
notable for the LNP-mRNA vaccines.

TRANSPLANTATION

COVID-19 vaccines were determined to have a strong
safety profile in patients with a solid organ transplant,
including booster doses. Patients receiving hemopoietic
stem cell transplants tolerated the COVID-19 vaccine simi-
larly to the general safety profile.

Second-generation affects
PREGNANCY

Guidelines and scientific consensus support vaccinat-
ing pregnant people especially given that pregnancy is
a risk factor for severe COVID-19 disease, including
ICU admittance. Initial information on the safety and effi-
cacy of COVID-19 vaccines for pregnant persons was
noticeably absent, and even now, information is limited
but compelling. In an analysis of VAERS and v-safe data
for vaccines, Shimabukuro et al. found that the safety pro-
file of the mRNA vaccines was strong. Additional studies
are warranted.

Organs and systems
CARDIOVASCULAR

4863 Cardiovascular AEs were reported to the WHO's
VigiBase after the patient was administered a COVID-19
vaccine. Common AEs included hypertension, including
severe hypertension, supraventricular tachycardia, sinus
tachycardia, and palpitations across all age groups and
sexes. Causality was not determined to be the vaccines,
and AE signals were not above baseline for the general
population. Authors encouraged continued monitoring.

Myocarditis is a rare, but SAE risk associated with
COVID-19 vaccines, especially in 12-to-39-year-old
males. Myocarditis frequencies were influenced by vaccine
type, vaccine dose, sex, and age of the individuals vacci-
nated, with evidence that interferon-gamma impacting

MAPK and JAK-STAT signaling pathways also influ-
ences. Danish population-based cohort study showed
an increased risk of myocarditis or myopericarditis in
young males. In a retrospective review in Israel, 136 cases
of probable or definitive cases of myocarditis a few
days after mRNA vaccination were reported. A VAERS
analysis of myocarditis/pericarditis after COVID-19
vaccination showed mRNA vaccines were significantly
associated with increased risks for myocarditis/
pericarditis and Ad26.COV2.S (Janssen) was not. Numer-
ous other groups reported cases of myocarditis after
mRNA vaccinations . The incidence of myocarditis is
reported to be low, and the clinical presentation was
mild. Most patients were young males, and most myocar-
ditis was reported after the second dose. Patients fully
recovered in most cases. While numerous reports indi-
cated a higher risk of myocarditis, “ ACIP determined that
the benefits of using mRNA COVID-19 vaccines under
the FDA’s EUA outweigh the risks in all populations,
including adolescents and young adults”. Evidence
suggests glucocorticoids as a preferred treatment. It is
important to note that COVID-19 infection poses a much
higher risk of myocarditis with much higher morbidity
than the risk of COVID-19 vaccination.

Thrombotic events were extremely rare (28 of 54571
occurrences in the EudraVigilance database) after vacci-
nation with ChAdOx1-S, although several were SAEs.
Specific thrombotic diseases are discussed individually
below.

Venous thromboembolism post vaccinated with
mRNA-1273 was reported in three patients. All three
cases were women with no history of thrombotic
disorders.

Cerebral venous sinus thrombosis (CVST) after the
ChAdOx1 vaccination was reported to the European
Medicines Agency in 213 individuals. It was noted in
the study that CVST after ChAdOx1 vaccination is
associated with thrombocytopenia resulting in a high
mortality rate that has a distinct clinical profile distinct
from CVST unrelated to vaccination. mRNA vaccination
does not have the same risk profile, although cerebral
venous thrombosis (CVT) has been associated rarely with
the BNT162b2 mRNA vaccine. Data from Germany
shows a higher risk of CVT after vaccination with
ChAdOx1, especially for women (0.02-0.15 per 100000
person-months). Further, Some patients presented with
heparin-induced thrombocytopenia (HIT)-like syndrome
suggesting these AEs could have an immunological
origin .

Meylan et al. report a series of eight patients with stage
III hypertension (8 symptomatic) after BNT162b2 vacci-
nation. One patient was vaccinated with mRAN126B.
All patients resolved hypertension after interventions
were administered.
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Immune thrombocytopenia (ITP) is an atypical throm-
bosis and thrombocytopenia. Following COVID-19
vaccine administration, it is termed vaccine-induced
immune thrombotic thrombocytopenia (VITT), Thrombo-
sis with thrombocytopenia syndrome (TTS), or vaccine-
induced prothrombotic immune thrombocytopenia
(VIPIT). The pathogenesis of ITP/VITT is autoantibodies
(IgG) to platelet factor 4 (PF4, also called CXCL4) that
are bound to platelets. Although rare, ITP/VITT have
the potential for high morbidity and even mortality.
ITP/VITT was first identified in late February 2021 with
the ChAdOx1 vaccine, but ITP/VITT also have been
reported to the Vaccine Adverse Event Reporting System
(VAERS) after mRNA vaccination. The EMA deemed
the ChAdOx1 vaccine safe, but 20 countries suspended
approval. While many countries reinstated the appro-
val, some, like Denmark, have permanently revoked
approval. While the exact incidence is not known, the
reporting rate of VITT after COVID-19 vaccination is
0.80 per million doses. Welsh et al. report that VITT does
not exceed the background rate of ITP. The CDC and the
FDA recommended pausing the administration of the
Janssen COVID-19 vaccine on April 13th after reports
of VITT among vaccine recipients. Later, on April 23,
ACIP concluded that the benefits of resuming Janssen
COVID-19 vaccination among persons aged >18years
outweighed the risks and reaffirmed its interim recom-
mendation under FDA’s Emergency Use Authorization,
which includes a new warning for rare clotting events
among women aged 18-49years. Education about
TTS risk with the Janssen COVID-19 vaccine is critical.
Numerous cases have been reported after vaccination
including, a male patient reported thrombocytopenia
and purpuric rash after mRNA-1273 vaccination. In a
study with patients with preexisting ITP, an observa-
tional study of 65 patients showed that ITP relapses are
“rare and most often benign”. Several other groups
have reported thrombosis and thrombocytopenia after
COVID-19 vaccination. An expert consensus on VITT
details recommendations.

Vasculitis and acute kidney injury were reported in two
patients reported post-vaccination with mRNA-1273.
After treatment, the symptoms resolved.

Acute myocardial infarction after vaccination has been
reported. Sung et al. presented two cases of acute MI after
mRNA-1273 vaccination, both of who were discharged
after standard care.

GASTROINTESTINAL

Pancreatic injury was reported in a patient after
vaccination with BNT162b. The AE was transitory, and
the patient fully recovered after standard-of-care

treatments were administered. As noted in the report,
Pfizer reported a pancreatic injury as an SAE during
clinical trials.

IMMUNOLOGICAL

Anaphylaxis has been reported as a side effect of
COVID-19 vaccination. The incidence of anaphylaxis
attributable to BNT162b has been reported to be
~1:200000 individuals, compared to the less than 1 per
million doses for most vaccines. The causative antigen
has been hypothesized to be polyethylene glycol. The
patients have been responsive to epinephrine treatment.

“COVID arm” or “COVID-19 vaccine arm” is a com-
mon AE associated with the mRNA COVID-19 vaccines.
COVID arm is an allegoric reaction manifest as a red,
itchy, swollen, or painful rash at the site of vaccine
administration and can be large. Rashes start a few days
to more than a week after vaccines are administered.
Histology of patients with COVID-arm showed that it
is a type IV hypersensitivity (DTH) associated with
IFN-y as a pathogenetic factor. COVID-19 vaccine arm
should not be a contraindication to vaccination. Other
cutaneous AEs include urticaria, lesions, bullous rash,
erythema multiforme, Stevens-Johnson syndrome, toxic
epidermal necrosis, serum sickness-like reactions, vascu-
litides, and chilblains. Blumenthal et al. advocated for the
preparation and reporting of delayed large local reactions
to mRNA-1273.

A case study of anti-neutrophil cytoplasmic antibody
(ANCA) glomerulonephritis 2 weeks post-mRNA-1273
vaccination was reported. The patient receives ongoing
dialysis treatments. Three cases of patients develop-
ing antineutrophil cytoplasmic antibody (ANCA) after
COVID-19 vaccination were reported independently.

An individual reported cervical lymphadenopathy
post-vaccination. Trials have noted this as a noted AE
for many COVID-19 vaccines.

Antibody-dependent enhancement (ADE) from the
vaccine is possible, especially with variants emerging reg-
ularly, and long-term surveillance for ADE is warranted.

NEUROLOGICAL

A systematic review noted that most AEs were
transient and self-resolving. Common neurological
symptoms reported after COVID-19 vaccination were
transient, self-resolving cases of vertigo, cephalgia,
pain, muscle spasms, myalgia, and paresthesias. Further,
the data suggests that are no common causally associated
neurological adverse events. VAERS data associates
(not causally) other AEs with COVID-19 vaccination,
including tremors, diplopia, tinnitus, dysphonia,
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seizures, reactivation of herpes zoster, stroke, GBS, Bell’s
palsy, transverse myelitis, and acute disseminated
encephalomyelitis. The CDC noted no safety concerns,
including neurological issues. Neurological events asso-
ciated with the vaccine are rare.

Acute disseminated encephalomyelitis (ADEM), a
demyelinating disorder of the CNS, was reported in an
individual 2 weeks after BNT162b vaccination. The patient
had a history of post-infectious rhombencephalitis.

Status epilepticus was reported after COVID-19
vaccination in several individuals. Several patients did
report a previous diagnosis of epilepsy or had significant
co-morbidities.

Bell’s palsy has been reported after COVID-19 vaccina-
tion. The cases were self-resolving. In addition to Bell’s
palsy, swelling of lips, tongue, and face has also been
reported (Cirillo, 2021) [A].

A case of Sweet syndrome, acute encephalitis, and
myoclonus was reported after mRNA-1273 vaccination.

A patient-reported exacerbation of GBS after COVID-19
vaccination.

Functional Neurological Disorder (muscle weakness)
in two cases post COVID-19 vaccination was reported.

Drug administration
DRUG DOSE REGIMENS

With the short durability of COVID-19 vaccines in
some people and groups, new rounds of boosting have
been recommended. Boosting is complicated due to
variable risk factors and safety profiles in different demo-
graphic groups. In an online survey, individuals vacci-
nated with the BNT162b2 vaccine reported a higher
frequency of AEs (most minor and self-resolving) after
the second dose.

Interactions
DRUG-DRUG INTERACTIONS

COVID-19 vaccines with approval are reasonably safe
in patients with immune-mediated inflammatory disor-
ders (IMID). Patients are encouraged to get vaccinated
in most cases.

For patients being treated with immunomodulatory
drugs, the vaccination may be given (1) without any
modification in the drug/biological or (2) the drug may
be withheld or the dosage reduced for 1-2weeks follow-
ing vaccination when the disease is stable.

Immunogenicity and safety of a heterologous prime-
boost COVID-19 vaccine schedule: ChAdOx1 vaccine
Covishield followed by BBV152 Covaxin.

Patients using cladribine tablets are advised to receive
COVID-19 vaccination. Rieckmann et al. provided signif-
icant clinical guidance on timing and other important
questions.

Administering different vaccine combinations (i.e.,
heterologous administration) including ChAdOx1/
BNT162b2, ChAdOx1-S/mRNA-1273 or BNT162b2/
ChAdOx1-S maintained a strong safety profile.

Coadministering influenza (ComFluCOV) and
COVID-19 (ChAdOx1 or BNT162b2) vaccines is safe .

Dengue vaccine [SEDA-39, 302-303; SEDA-40,
383-384, SEDA-41, 351-352; SEDA-43,
357-358]

GENERAL

Groups are calling for improved pre-vaccination
screening to identify serostatus to improve the safety of
the current Dengue vaccines by reducing possible harm
from vaccinating a seronegative person.

The pipeline for Dengue vaccines is robust with a pri-
mary challenge of improving vaccine safety, especially
the struggles with different serotypes and antibody-
dependent enhancement.

ACIP recommends vaccination with Dengvaxia for
children aged 9-16 having evidence of previous dengue
infection (detection of anti-DENV immunoglobulin
G with a highly specific serodiagnostic test) and living
in areas where dengue is endemic.

Ebola vaccine [SEDA-39, 303-304; SEDA-40,
384-386; SEDA-41, 351; SEDA-43, 358]

GENERAL

In MMWR, the ACIP updated guidance for the use of
the rVSVAG-ZEBOV-GP Ebola vaccine (Ervebo) in the
U.S. Because the vaccine uses rice-derived components,
the vaccine should not be administered to persons with
a history of severe allergic reaction (e.g., anaphylaxis)
to rice protein. ACIP recommends vaccination for adults
at the highest risk for potential occupational exposure
to Ebola.

In the Democratic Republic of the Congo (DRC), the
Universities of Antwerp and Kinshasa developed an
algorithm and policies to support consistent management
of non-related (serious) adverse events (NR-SAEs)
related to Ebola vaccination. The European Union’s
Horizon 2020 research and innovation program, the
European Federation of Pharmaceutical Industries and
Associations, and the Coalition for Epidemic Prepared-
ness Innovations funded the project. The study outcomes
will be presented later .

Susceptibility factors
IMMUNOCOMPROMISED

In human immunodeficiency virus (HIV)-endemic
locations, shorter Ebola vaccine schedules are desirable.
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A two-dose vaccine regimen of MVA-BN-Filo and Ad26.
ZEBOV in people living with HIV showed the regimen
was safe and efficacious. Authors recommended further
trials.

Hepatitis A vaccine [SEDA-38, 308; SEDA-39,
304; SEDA-40, 386-387; SEDA-41, 352-352;
SEDA-43, 358-359]

GENERAL

Single-dose HAV vaccine programs continue to
show a strong safety profile and solid efficacy in two
studies. A review supports this conclusion but advocates
for long-term studies to assess vaccine durability/
persistence.

Susceptibility factors
PREVIOUS INFECTION

A phase 1V study of HA-L and HA-I vaccines with
9000 study participants was conducted to compare the
vaccine safety, immunogenicity, and persistence in
HBs-Ag-positive and -negative participants. The authors
concluded that both vaccines were safe and provided
durable protection.

TRANSPLANTATION

A 3-dose HAYV vaccine study in patients with a kidney
transplant showed a strong safety profile but did not
show superior efficacy to the standard two-dose regimen.

Drug administration
DRUG ADMINISTRATION ROUTE
In a clinical trial of HA-I where an IM injection was

aspirated or not aspirated, the IM administration without
aspiration was shown to be as safe as IM with aspiration.

Hepatitis B vaccine [SED-16, 255-293,
696-706; SEDA-38, 307-308; SEDA-39,
306-307; SEDA-40, 387; SEDA-43, 359]

Susceptibility factors
PREVIOUS INFECTION

An RCT with 182 patients infected with HIV that were
administered a high-dose HBV was performed where
the patients were vaccinated with standard- or high-dose
HBV. Immunogenicity, durability/persistence, and
safety were evaluated. High-dose HBV had “partially
better” immunogenicity and durability with a similar
safety profile.

DISEASE: DIABETES

A phase IV RCT with yeast-based and CHO-based
HBV was performed in patients with diabetes. Both
had consistent safety profiles with solid efficacy.

TRANSPLANTATION

An RCT with three-dose and four-dose HBV vaccine
study showed a strong safety profile in patients with a
kidney transplant. The four-triple-dose regimens also
show improved immunogenicity compared to the
three-standard-dose regimen.

Second-generation affects
PREGNANCY

In two maternity centers in the Democratic Republic of
the Congo, infants from women with an HBV infection
received a birth dose of Euvax-B within 24 h of birth. Sixty
infants received a birth-dose vaccine with no serious
adverse events and no cases of HBV mother-to-child
transmission.

Interactions
DRUG-DRUG INTERACTIONS

An RCT of ~300 patients was conducted with
patients on methadone maintenance treatment who are
administered either three or four doses of either a high-
or standard-dose HBV. Four dose groups have higher
immunogenicity with similar safety profiles.

Human papillomavirus vaccine [SEDA-38,
308-309; SEDA-39, 306-307; SEDA-40,
387-388; SEDA-41, 353-354; SEDA-43,
359-360]

GENERAL

Media reports describing chronic fatigue syndrome-
like symptoms associated with a patient who received
the HPV in Denmark caused increased vaccine hesitancy
and decreased vaccine uptake. A study by Krogsgaard
et al. reports that the temporal proximity of a treated
infection with HPV administration is correlated with a
higher risk of reported AEs. Thus, infections are hypoth-
esized to trigger the reported AEs rather than the HPV.
Authors indicate that replication of these findings is
warranted.

Organs and systems
CARDIOVASCULAR

A case of an 18-year-old-male who was diagnosed
with myopericarditis after Gardasil9 vaccination was

reported. Myopericarditis is a rare but possible adverse
reaction associated with the HPV vaccines .
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Influenza vaccine [SEDA-38, 309; SEDA-39,
307-313; SEDA-40, 388-390; SEDA-41,
354-355; SEDA-43, 360-361]

Disease: Allergies

The U.S. Advisory Committee on Immunization
Practices (ACIP) updated recommendations, specifi-
cally the contraindications and precautions, for cclIV4
and RIV4 for people with a history of severe allergic
reactions to influenza vaccines. For persons with a
history of a severe allergic reaction to any influenza
vaccines(e.g., anaphylaxis), detailed recommendations
should be consulted. The Standards of Care Committee
(SOCC) of the British Society for Allergy and Clinical
Immunology (BSACI) detailed care for egg allergies
and vaccination.

Disease: Cancer

VAERS and VigiBase information was analyzed to
determine if the influenza vaccine exacerbates myoperi-
carditis and other immune-related AEs in patients with
cancer being treated with immune checkpoint inhibitors
(ICIs). The study supports the current strong recommen-
dation for vaccination of patients with cancer.

Drug administration
DRUG DOSE REGIMENS

Weissman et al. performed a meta-analysis of
16 RCTs to compare high-dose vs standard-dose influ-
enza vaccine. Both safety and efficacy of high-dose were
stronger in adults.

Japanese encephalitis vaccine [SEDA-38, 319;
SEDA-39, 313; SEDA-40, 390-391; SEDA-41,
355; SEDA-43, 361]

GENERAL

Furuya-Kanamori et al. conducted a systematic review
analyzing the safety of the more than 15 approved JE
vaccines. Twenty-three RCTs with 38496 participants
from 12 countries were evaluated. Newer JE vaccines
(live chimeric, live attenuated, and inactivated Vero cell
vaccines) have similar safety profiles with comparable
immunogenicity / efficacy with older vaccines.

Drug administration
DRUG DOSE REGIMENS

A multi-center study by Kwak et al. reported that a
third inactivated JEV booster was safe and effective .

Measles—mumps—rubella and measles—mumps—
rubella-varicella vaccine [SEDA-15, 3555, 3566,
3567, 3569; SEDA-35, 575; SEDA-36, 473;
SEDA-37, 391; SEDA-40, 391; SEDA-43, 361]

GENERAL
A study by Klein et al. shows a potential genetic link

(HLA Class I loci A-29:02) between fever after measles
vaccine.

Susceptibility factors
TRANSPLANTATION

A case-series analysis on the safety of children who
undergo liver transplants (LT) who were given MMR

indicated the MMR vaccine is safe for children
undergoing LT.

Interactions
DRUG-DRUG INTERACTIONS

When MMR was co-administered with EV71
(Enterovirus 71 vaccine licensed in China C4 genogroup
strains) and LA-JEV in a phase IV trial, all vaccines main-
tained strong safety and efficacy profiles.

Poliovirus vaccine [SEDA-16, 257, 847—-853;
SEDA-38, 320; SEDA-39, 315-316; SEDA-40,
391-392; SEDA-41, 356; SEDA-43, 361]

General

Two studies compared the safety of Sabin IPV
(sIPV) and wild strain wiIPV (wIPV). AEFIs were low
in both vaccines, and differences between vaccines were
minimal.

Rotavirus vaccine [SEDA-16, 252-256;
SEDA-36, 473; SEDA-37, 391; SEDA-39, 316;
SEDA-40, 392-393; SEDA-41, 356; SEDA-43,
361-362]

Susceptibility factors
AGE

A prospective cohort study was conducted on infants
with high-risk medical conditions to assess the VE and
safety profile of the rotavirus vaccine (HRV) among
infants with medical risk conditions that required pro-
longed or frequent postnatal care. HRV offered limited
protection to vulnerable medical risk infants. HRV is
generally well-tolerated in this group in a single
administration, but when coadministered with routine
vaccines, it is associated with a higher risk of (mostly
gastrointestinal) AE.
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Varicella/herpes zoster vaccine [SEDA-16,
260-365; SEDA-37, 391; SEDA-40, 393—394;
SEDA-41, 357; SEDA-43, 362]

General

National guidelines for varicella vaccination vary by
country. One of the points noted by the authors that
affect guidance is that RZV has higher reactogenicity.
While the side effects are commonly grade 1 or 2 and
are self-limiting, the RZV has much higher efficacy than
ZVL.

Yellow fever vaccine [SEDA-16, 537—-540;
SEDA-38, 321; SEDA-39, 318-319; SEDA-40,
394-395; SEDA-41, 358; SEDA-43, 362-363]

General

A study by Bastard et al. shows that autosomal reces-
sive IFNAR1 or IFNAR2 deficiency and neutralizing
auto-Abs against type I IFNs account for a large portion of
life-threatening YFV vaccine-associated AEs and diseases
in their study. Further study of prescreening patients
before YFV vaccination is warranted .

Organs and systems
HAEMATOLOGICAL

A small trial was conducted in children treated with
hydroxyurea (HU) for Sickle cell disease (SCD) and YF
vaccine safety and efficacy. The trial suggests that YFV
is safe and effective in children with SCD treated
with HU.

IMMUNOLOGICAL

An observational retrospective study of patients with
immunocompromised conditions who received the YFV
showed no statistically significant difference in type or
frequency of AEs.

NEUROLOGICAL

Ribero et al. examined patients with neurologic symp-
tomologies after YFV from three tertiary referral centers
in Brazil. Patients were evaluated according to CDC
and the Brighton Collaboration criterion. Fifty patients
met the criterion and were diagnosed with meningo-
encephalitis (32), disseminated encephalomyelitis (2),
myelitis (2), and Guillain-Barré syndrome (3) (not com-
prehensive). Two deaths were also noted. Researchers
advocated for additional development of neurological
criteria for consistency and additional considerations.
Three different reports of potential meningoencephalitis
after vaccination were also reported.

In a study assessing fractional-dose 17DD-YF vaccine
in patients with autoimmune rheumatic disease (ARD),

Tonacio showed a similar safety profile, immuno-
genic, and did not induce flares in ARD under low
immunosuppression.

NEUROMUSCULAR FUNCTION

YFV is contraindicated in patients with multiple scle-
rosis (MS) due to the potential risk of post-vaccine
relapses. Still, newer studies have presented evidence
suggesting vaccination does not affect MS relapse .
Papeix et al. conducted an observational cohort study
of 128 relapsing-remitting MS patients. The annualized
relapse rate did not differ between vaccinated and unvac-
cinated groups . A modified Delphi consensus developed
clinical recommendations for patients with MS that
indicated patients with MS should be vaccinated “with
careful consideration of risks and benefits” (not specific
for YFV but inclusive of YFV). Other reviews also indicate
vaccination is generally warranted in patients with MS.

SENSORY SYSTEMS

Four cases of ocular AEs after YVF were described,
including self-resolving central serous chorioretino-
pathy, acute Vogt-Koyanagi-Harada disease, and bilat-
eral diffuse retinal vasculitis.

Interactions
DRUG-DRUG INTERACTIONS

Patients with immune-mediated inflammatory disor-
ders (IMID) are commonly treated with immunosuppres-
sive/immunomodulating (ISIM) treatments. Live vaccines
remain contraindicated during ISIM treatment course to
reduce potential vaccine-strain infection. Schob et al.
advocate for improving and refining ISIM treatment
recommendations and publishing cases in patients with
ISIM who are vaccinated with live vaccines.

Bacterial vaccines
CHOLERA VACCINES

General Even with OCV introduction, Cholera con-
tinues to lead to substantial morbidity and mortality,
particularly in low socioeconomic settings. Improvement
in surveillance systems for AEs (in addition to numerous
other issues) is necessary for improved OCV uptake
and for future improved safety and effectiveness of the
cholera vaccine.

Bacillus Calmette—Guerin vaccines [SEDA-16,
267, 797-806; SEDA-40, 395-397; SEDA-41,
358; SEDA-43, 363]

GENERAL

BCG vaccine has received significant additional inter-
est this year due to initial reports of BCG vaccine being
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efficacy for COVID-19 and further use in treating cancer
and other infectious diseases.

Busaidi et al. conducted a multicenter study to
characterize BCG vaccine-related disease in Oman from
January 2006 to December 2018. The incidence was
calculated at 9.2 cases per 100000 supporting continued
BCG vaccination at birth. Children with immunodefi-
ciency were a significant population of those affected,
suggesting additional pre-screening might improve the
safety profile of the BCG vaccine .

Organs and systems
IMMUNOLOGICAL

Vaccine-induced regional suppurative lymphadenitis
in children from the BCG vaccine remains a problem. Sur-
gery has been explored to address but is controversial
and requires additional validation by clinical trials. In a
study by Liu et al., lymph node surgical excision of the
abscess was performed successfully, paying attention
to postoperative care and intraoperative meticulous
manipulation and reported good outcomes.

Sensory Systems BCG vaccination has seen increased
interest in trained immunity to treat cancer and other
infectious diseases; however, BCG has broad safety con-
cerns associated with the eye. Jain et al. published a
review where potential adverse events of BCG vaccina-
tion were listed, including innocuous follicular conjuncti-
vitis, bilateral endophthalmitis, and optic neuritis.

DRUG ADMINISTRATION

Drug dosing regimes A study by Huang et al. ana-
lyzed the safety profile of BCG if the administration
was postponed from 24h after birth to 5-8months of
age. Osteomyelitis was less common, and inject-site
reactions were shorter when vaccine was given at 24h
after birth; however, injection site reactions and lymph-
adenitis were more common when BCG inoculation
occurred after 5 months. A study with longer observa-
tional periods is a limitation of this study.

DRUG-DRUG INTERACTIONS

The safety of Adrenocorticotropic hormone (ACTH)
therapy for West syndrome (WS)has been associated with
Bacille de Calmette et Guérin (BCG) disease after BCG
vaccination. The major concern is potential immunosup-
pression associated with West syndrome. The optimal
interval between BCG vaccination and ACTH therapy
is not known. In a study by Maki, 56 infants with West
syndrome received ACTH therapy 14-280days after
BCG. No patients with ACTH therapy after BCG vaccina-
tion developed BCG infection.

Susceptibility factors
GENETIC FACTORS

Wang et al. report two cases of disseminated BCG dis-
ease with family/ genetic association in China. Thirty-five
additional patients were analyzed. The authors advo-
cated for further studies on immunodeficiency-related
diseases and strengthening proactive surveillance
programs.

Meningococcal vaccines [SEDA-16, 269,
825-829; SEDA-38, 322; SEDA-39, 322;
SEDA-40, 397-399; SEDA-41, 359-361;
SEDA-43, 364]

Susceptibility factors
AGE

In a large, post-licensure observational safety study
of over 100000 children in the UK. using The Health
Improvement Network (THIN), adverse events were
identified in children aged 1-18months who were
vaccinated with 4CMenB, alongside their routine immu-
nizations. The trial concluded that there is a small but
increased risk of seizures, and febrile seizures were found
post-vaccination, but the events are uncommon. Vaccine
combination may also be the cause of the small but
increased risk.

Pertussis vaccines (including diphtheria—
tetanus—acellular/whole-cell pertussis-containing
vaccines) [SEDA-16, 257-258, 216, 269,
645-654, 764—767, 1011-1014; SEDA-38,
325; SEDA-39, 323-325; SEDA-40, 400;
SEDA-41, 361-363]

Organs and systems
INTEGUMENTARY

Abscess formation after Tdap vaccination is a rare but
serious AE (1 in 6 Million). A case of a 22-year-old patient
with no previous AEs after vaccination reported abscess
formation after Tdap vaccination that resolved with
treatment. Tereshkina et al. noted possible causes and
solutions to this problem.

Second-generation affects
PREGNANCY

A retrospective cohort study of pregnant people vacci-
nated with Tdap to determine safety and efficacy was
conducted in Ontario, Canada using health administra-
tive databases. Tdap vaccination during pregnancy was
safe for infants into early childhood.
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A meta-analysis by Nguyen of 29 studies showed that
pertussis vaccines were safe (no AE rates were above
baseline) and effective for pregnant persons when admin-
istered during pregnancy, including chorioamnionitis.
A prospective observational study of over 1200 pregnant
persons in Australia showed no increased risk of
adverse pregnancy and birth outcomes in mother and
infant, including chorioamnionitis. A second observa-
tional study, the “Adacel (Tdap5) Pregnancy Registry”,
consisting of over 1100 mothers, indicates that the vaccine
is safe and effective. Another systematic review con-
ducted by Anderson, however, showed an increased
risk of chorioamnionitis by 27% in vaccinated pregnant
people. Observational studies were the only studies
examined during this review. Concern does still exist
about the safety and efficacy of the timing of vaccine
administration (i.e., during which trimester).

Pneumococcal vaccines [SEDA-16, 836—840;
SEDA-38, 327; SEDA-39, 325-326; SEDA-40,
400—-404; SEDA-41, 363-364; SEDA-43, 364]

Susceptibility factors
DISEASE

A small study of 32 patients with bronchial asthma
(BA) or chronic obstructive pulmonary disease (COPD)
after administration of the 13-valent conjugated pneumo-
coccal vaccine (PCV13) was performed to assess safety.
PCV13 was found safe and immunogenic in BA and
COPD patients.

Severe adverse reactions were observed in seven
patients with cryopyrin-associated periodic syndromes
(CAPS) after vaccination with PCV vaccines. The authors
expressed concern that other patients with the autoin-
flammatory disease could also have SAEs, and further
research and guidelines should be developed .

A multicenter study of pregnant women with HIV
vaccinated with PCV13 and PPV23 showed that they
were both safe and efficacious.

Interactions
DRUG-DRUG INTERACTIONS

A study of the safety and efficacy of inactivated
vaccines (PCV-13, influenza, and TDAP) was conducted
in patients with oncological diagnoses receiving check-
point inhibitors. The study concluded that the efficacy
of checkpoint inhibitors was not affected by the adminis-
tration of inactivated vaccines. The authors note that
further research is warranted and that unvaccinated risks
are likely higher than the risk of adverse reactions.

The uptake of PCV is decreased with the perceived
number of AEs. Antipyretics have been proposed to
reduce mild to moderate AEs to increase PCV uptake,

but concerns exist that the vaccine effectiveness would
be affected. A systematic review by Koufoglou provides
evidence that prophylactic administration of paracetamol
and ibuprofen could decrease immunogenicity in some
serotypes and requires further investigation.

Bar-Or et al. conducted a phase IIIIB clinical trial on
the PPV23 vaccine responsiveness, including safety for
patients with multiple sclerosis taking ocrelizumab. The
safety experiments were consistent with previous trials,
with most AEs being self-resolving grades 1 and 2.

Organs and systems
IMMUNE SYSTEM

Previous studies have shown that some adults with
a compromised immune system may have decreased
immunogenicity upon a PCV13 booster if the primary
vaccine was PPV23 [source]. A study by Ulanova et al.
suggests in patients with chronic kidney disease (CKD),
the immunogenicity was inferior to vaccine naive
patients, and systemic adverse events post PCV13 immu-
nization were more frequent. However, the AEs were
primarily graded 1 and 2.

PARASITIC VACCINES

Malaria vaccine [SEDA-39, 326-327; SEDA-40,
404—406; SEDA-41, 364-365; SEDA-43, 365]

GENERAL

WHO approved RTS, S/AS01 (Mosquirix) in October
of 2021 for use in children at risk in regions with moderate
to high malaria transmission caused by Plasmodium
falciparum. WHO noted that RTS,S/AS01 has a strong
safety profile while a moderate efficacy (~30%) profile.
The reasons for moderate efficacy could include ecologi-
cal, parasite, and human host factors, especially genetics
that “will be critical for implementation policy and future
vaccine designs”.
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