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Abstract

With dermatologic side effects being fairly prevalent following vaccination against

COVID-19, and the multitude of studies aiming to report and analyze these adverse

events, the need for an extensive investigation on previous studies seemed urgent, in

order to provide a thorough body of information about these post-COVID-19 immu-

nization mucocutaneous reactions. To achieve this goal, a comprehensive electronic

search was performed through the international databases including Medline

(PubMed), Scopus, Cochrane, Web of science, and Google scholar on July 12, 2021,

and all articles regarding mucocutaneous manifestations and considerations after

COVID-19 vaccine administration were retrieved using the following keywords:

COVID-19 vaccine, dermatology considerations and mucocutaneous manifestations.

A total of 917 records were retrieved and a final number of 180 articles were

included in data extraction. Mild, moderate, severe and potentially life-threatening

adverse events have been reported following immunization with COVID vaccines,

through case reports, case series, observational studies, randomized clinical trials, and

further recommendations and consensus position papers regarding vaccination. In

this systematic review, we categorized these results in detail into five elaborate

tables, making what we believe to be an extensively informative, unprecedented set

of data on this topic. Based on our findings, in the viewpoint of the pros and cons of

vaccination, mucocutaneous adverse events were mostly non-significant, self-limiting

reactions, and for the more uncommon moderate to severe reactions, guidelines and

consensus position papers could be of great importance to provide those at higher

risks and those with specific worries of flare-ups or inefficient immunization, with
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sufficient recommendations to safely schedule their vaccine doses, or avoid vaccina-

tion if they have the discussed contra-indications.

K E YWORD S

acute, adverse effect, adverse event, adverse event following immunization, allergy,
angioedema, AstraZeneca, AstraZeneca/Oxford, atopic dermatitis, Bharat, collagen vascular
disease, Comirnaty, COVID-19 vaccine, cutaneous, cyanosis, delayed, delayed-type
hypersensitivity, dermatology, ecchymosis, edema, erythema multiforme, exanthematous rash,
herpes, hidradenitis suppurativa, inflammatory bowel disease, injection site reaction, Janssen,
Johnson & Johnson, late, local site reaction, maculopapular rash, mastocytosis, Moderna,
morbilliform rash, mucocutaneous, mucosal, pemphigoid, pemphigus, Pernio, Petechia, Pfizer,
Pfizer-BioNTech, pityriasis rosea, pruritus, psoriasis, purpura, remote site reaction, rheumatic
disorders, SARS-Cov-2, side effect, Sinopharm, Sinovac, Sputnik, urticaria, vaccine, Vaccine
Adverse Event Reporting System, zoster

1 | INTRODUCTION

1.1 | Rationale

The global impact of the Coronavirus Disease 2019 (COVID-19) pan-

demic does not need to be underscored. Severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) spread rapidly throughout the

world and left tragic consequences, and vaccination appears to be a

mainstay for overcoming this contagious calamity. Many candidate

vaccines have been developed against SARS-COV-2, using different

vectors and methods of production, which fall into different vaccine

types. To name a few:

1. mRNA vaccines

Pfizer-BioNTech “Comirnaty” (BNT162b2, tozinameran)1–4

Moderna (mRNA-1273)5–8

2. Adenovirus viral vector vaccines

Oxford–AstraZeneca (Covishield, Vaxzevria,ChAdOx1SnCoV-19,

AZD1222)9–14

Sputnik V (Gam-COVID-Vac)15,16

Convidecia (Ad5-nCoV)17,18

Janssen (Ad26.COV2.S, JNJ-78436735)(Johnson & Johnson)19,20

3. Protein subunit vaccines

Novavax (NVX-CoV2373)21,22

MF59-adjuvanted spike glycoprotein-clamp vaccine23

SCB-201924

CoV2 preS dTM-AS0325

ZF2001 (ZIFIVAX or ZF-UZ-VAC-2001)26

V-0127

EpiVacCorona (Aurora-CoV)28

4. Inactivated virus vaccines

Sinovac (CoronaVac)29–31

Sinopharm BIBP (BBIBP-CorV)32,33

Sinopharm WIBP (WIBP-CorV)34

Covaxin (BBV152, Bharat Biotech)35

KCONVAC (Minhai)36

IBMCAMS vaccine (Institute of Medical Biology)37

5. Virus-like particle vaccines

CoVLP38 From these many candidates, seven COVID-19 vaccines

have been approved by WHO,39 namely:

1. Pfizer-BioNTech “Comirnaty” (BNT162b2, tozinameran),

2. Moderna (mRNA-1273),

3. Janssen (Ad26.COV2.S, JNJ-78436735)(Johnson & Johnson),

4. Oxford–AstraZeneca (AZD1222),

5. Covishield (Serum Institute of India, Oxford–AstraZeneca

formulation),

6. Sinopharm BIBP (BBIBP-CorV)(Vero Cells),

7. and Sinovac CoronaVac.39

Although studies have showed overall acceptable efficacy, safety, and

tolerability of all available COVID-19 vaccines,3,8,13,14,30,40,41 with the

accelerated pace of vaccine production, distribution, and administra-

tion, several steps of vaccine development were condensed and got

fast-tracked which increased the probability of unsolicited adverse

reactions, warranting further attention to the potential side effects of

these vaccines,42,43 and an international effort to report the observed

reactions, through the Vaccine Adverse Event Reporting System

(VAERS),44 or other registries. Previous studies have revealed the

main side effects to include localized pain, swelling or redness at the

injection site, along with constitutional or COVID-like symptoms,

mostly comprised of generalized weakness, myalgia, headache, fever

and chills, joint pain, nausea, and diarrhea.45 Of note, mucocutaneous

adverse events encompass a large number of post-vaccination reac-

tions: local injection site reactions as previously mentioned, delayed

large local reactions, morbilliform rashes, urticaria, erythema
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multiforme, delayed inflammatory reactions to dermal fillers,

erythromelalgia, lichen planus, varicella-zoster, herpes simplex, pityria-

sis rosea, petechiae, purpura, and mimickers of COVID-19 infection

cutaneous manifestations (e.g., pernio or chilblains), which have pre-

dominantly been insignificant and self-limited.46,47

1.2 | Objective

With dermatologic side effects being fairly prevalent after COVID

vaccination, and the multitude of studies aiming to report and analyze

these events, the need for an extensive investigation on previous

studies seemed urgent, in order to provide a comprehensive body of

information about these post-COVID-19 immunization mucocutane-

ous reactions.

Therefore, the main objective of this qualitative systematic

review is to recapitulate and categorize the clinical characteristics of

mucocutaneous reactions following COVID vaccination, provide an

update on the state of underlying mucocutaneous diseases after vac-

cination, their diagnoses and biopsies, therapeutic strategies, patients'

outcomes, and further integrated guidance for approach to patients

who have previously experienced these side effects or flares of under-

lying diseases with other vaccines.

We have also tried to classify experts' recommendations and con-

sensus guidelines on COVID-19 vaccination in those with immune-

mediated dermatologic disorders, allergic disorders, along with sys-

temic disorders with probable mucocutaneous presentations, for

example, autoimmune inflammatory rheumatic diseases (AIIRD); as

these disorders could be underlying factors that may affect vaccine

immunogenicity, either by themselves, or indirectly, with the use of

immunosuppressive and immunomodulatory treatment for their con-

trol. Being knowledgeable and updated on the non-critical, critical or

potentially life threatening mucocutaneous adverse effects of COVID-

19 vaccine and the mutual effects of vaccination and dermatologic

disorders on each other is a must for dermatologic, as well as general

medical practice today, and we hope the present article provides a

stepping stone to that aim.

This study is the first systematic review that thoroughly assesses

all aspects of the various dermatological concerns regarding COVID-

19 vaccination, condensing the results of all study types with a

detailed categorization of the results.

2 | METHODS

2.1 | Protocol and registration

We followed the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) guidelines to conduct and report this

review.48

2.2 | Search strategy

A comprehensive electronic search was performed through the inter-

national databases including Medline (PubMed), Scopus, Cochrane,

Web of science, and Google scholar from the beginning to July

12, 2021, and all articles regarding mucocutaneous manifestations

and considerations after COVID-19 vaccine administration were ini-

tially retrieved using the following major keywords and their MeSH

terms: COVID-19 vaccine, dermatology considerations and mucocuta-

neous manifestations. The search strategy is illustrated in

Appendix S1 of supplement file. In addition, a manual search through

the references of included reviews was conducted to identify any

missing related studies. Two researchers separately performed the

search and screening, and the details of each step in the search and

screening process is provided in our PRISMA flow diagram,49 depicted

in Figure 1.

2.3 | Eligibility criteria

Our inclusion criteria were studies or reports on any dermatology-

related adverse events following the administration of COVID-19 vac-

cines and vaccine related concerns and consideration for those with

dermatologic disorders. Inclusion was not limited by the type of

COVID-19 vaccine. Exclusion criteria were in vitro studies, animal

studies, basic science studies, studies on non-dermatologic adverse

events (AEs) of vaccines, COVID-19 disease manifestations, and any

non-COVID-19 vaccine study.

2.4 | Screening and data extraction

After duplication removal of the primary search results, two reviewers

independently screened the title and abstract of retrieved articles

based on the above eligibility criteria. They then separately studied

the full-text of the selected studies in detail, for evaluation of eligibil-

ity and data extraction. In case of disagreement, they discussed the

subject and if they did not reach a consensus, another researcher

expert in the field joined the discussion. The data extraction sheet

contained the following information: first author name, patient char-

acteristics in case reports, or number of patients, gender distribution

and mean age in other studies, vaccine type, dose of vaccine, history

of previous mucocutaneous conditions, constitutional symptoms after

vaccine, characteristics and location of mucocutaneous reactions,

mean time of onset, diagnosis, management of reactions, duration of

reactions, and final outcomes. Studies regarding COVID-19 vaccina-

tion considerations and recommendations among dermatologic

patients were assessed separately. The study design, data reporting,

and validity of included RCTs were assessed in accordance with the

Consolidated Standards of Reporting Trials (CONSORT) statement.
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3 | RESULTS

3.1 | Overview of the studies

A total of 917 articles were retrieved from all databases and 248 dupli-

cates were identified and removed. A total of 669 articles went through

title and abstract screening. From those, 388 articles were excluded,

including 7 animal studies, 16 trial protocols, 21 systematic reviews,

78 non-recommendation narrative reviews, 109 non-“vaccine related

AEs” studies, and 157 non-“dermatologic AEs” studies. The

remaining281 articles were selected for full text screening. From those,

101 studies were excluded, including 7 trial protocols, 28 non-“vaccine
related AEs” studies, 30 non-“dermatologic AEs” studies, 18 RCTs with-

out specification of cutaneous AEs, and 18 recommendation narrative

reviews with no consensus opinion or guideline. Also, references of

20 retrieved narrative and systematic reviews, comprised of 152 articles,

were manually screened for any missing articles and 7 related articles

from those were also added to our included papers.

F IGURE 1 PRISMA flow diagram of the study
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Finally, a total of 180 studies were included in our data extraction

and descriptive synthesis, including 65 case reports, 10 case series,

41 RCTs, 27 analytical studies, and 37 recommendations or

guidelines.

3.2 | Case reports

In total, 116 cases were included in the case reports table from a total

of 65 articles, as depicted in Table 1. The mean age of participants

was 47.37 years, with a female-dominant gender distribution (F/M:

1.7, F = 73[62.9%] M = 43[37.1%]). The vaccines studied in order of

number of participants having received them were BNT162b2

(n = 76, 65.5%), mRNA-1273 (n = 19, 16.4%), ChAdOx1S nCoV-19

(n = 9, 7.8%), CoronaVac (n = 7, 6%), Ad26.COV2.S (n = 3, 2.6%), and

BBV152 (n = 2, 1.7%).

A total of 73 cases (62.9%) developed mucocutaneous reactions

after receiving the 1st dose of the vaccines, 19 cases (16.4%) after the

2nd dose, and 15 cases (13%) after both doses. Nine reports (7.7%)

had not specified the administered dose.

Cases were further categorized into sections based on their clini-

cal and pathological diagnosis:

3.2.1 | Injection site reactions, “Covid arm”
(n = 12)

Injection site skin reaction (Covid arm) consisted of 12 cases (mean

age: 47.9 years, 100% female). Three of them (25%) had atopic

background (either themselves or their family). They developed

symptoms including painful or pruritic erythematous swelling, urti-

carial oval patch, patch, vesicle, nodule, or induration at the vaccine

injection site after 6.27 days (50% BNT162b2 and 50% mRNA-

1273; 50% after 1st dose, 25% after 2nd dose and 25% after both

doses). Resolution of symptoms was achieved in an average of

4.15 days, mainly with the use of topical corticosteroid

cream (58.3%).

3.2.2 | Non-injection site reactions (n = 104)

Hypersensitivity reaction type 1 (n = 14)

A total of 14 patients were incorporated in the section of type

1 hypersensitivity reaction.

• Urticaria (n = 5)

Isolated urticaria occurred in 5 patients (mean age: 30.8 years,

F/M: 4) in a range of 5 min to 8 h after inoculation (100% BNT162b2;

100% 1st dose), 80% had an allergic background and they were mainly

treated by antihistamines and then oral corticosteroids.

• Flushing (n = 3)

Three patients experienced Flushing of the face (mean age:

48 years, all female) in a range of 5–30 min after inoculation (100%

BNT162b2; 100% 1st dose). Two had an allergic background and

1 was treated with antihistamines.

• Angioedema (n = 3)

Three patients (mean age: 35 years, F/M:2) presented with

angioedema within 10 min to 24 h of immunization (66.7%

BNT162b2 and 33.3% mRNA-1273; 100% 1st dose). For two

patients, no treatment was conducted and for the other one antihista-

mines and corticosteroids were prescribed and symptom relief was

achieved in 24 h.

• Anaphylaxis (n = 3)

Three patients encountered anaphylaxis (mean age: 27.3 years,

F/M:2) all of whom had an allergic background and developed symp-

toms pertaining to anaphylaxis, with systemic reactions such as tachy-

cardia, tachypnea, dysphagia, dyspnea, severe chills, dysphagia, the

feeling of a slurred mouth and hoarseness, wheezing and throat pruri-

tus, along with mucocutaneous reactions such as diffuse mac-

ulopapular rash, urticaria, diaphoresis, palate pruritis, generalized rash

and pruritus, sudden onset of rash followed by urticaria and

angioedema in a span of a few minutes to 5 h after vaccination

(66.7% BNT162b2 and 33.3% mRNA-1273; 100% after 1st dose).

They were diagnosed as Biphasic anaphylaxis, Severe allergic reaction

and Level 1 Anaphylaxis. Resolution was achieved 6 h to 1 day after

the onset of symptoms using steroids, antihistamines, one patient was

treated with an Epinephrine injection and Sodium Succinate, and one

was given oxygen.

Generalized Eruptions (n = 21)

In the generalized eruptions section, we considered patients with mis-

cellaneous presentations and diagnoses who could not be further cat-

egorized in other groups. A total of 21 patients were included (mean

age: 55.14 years, F/M:1.63)(57.1% BNT162b2, 19% mRNA-1273,

14.3% ChAdOx1 nCoV-19, 9.6% Ad26.COV2.S; 66.7% after 1st dose,

14.3% after 2nd dose, 14.3% after both doses and 4.7% dose not

mentioned).

Among the more distinguished presentations were:

• Steven-Johnson syndrome was a diagnosis of a patient (male,

60-year-old) who presented with fever, oral ulceration, eye con-

gestion, erosions over the glans, and multiple purpuric macules all

over the body with perilesional erythema which progressed to

necrosis after 3 days of immunization (ChAdOx1 nCoV-19, 1st

dose); resolution of his symptoms was achieved in 7 days on oral

cyclosporine.

• Rowell's syndrome was diagnosed in a 74-year-old man with ery-

thematous and partly violaceous coalescing macules and papules

with slightly indicated cocarde formation on the trunk and extremi-

ties along with positive antinuclear autoantibodies (ANA) with
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1:640 in a speckled pattern, anti-Ro/SSA (60), anti-Ro/SSA (52),

and anti-La/SSB antibodies within 1 day following vaccination

(BNT162b2, 1st dose).

• Two patients (mean age: 56.5 years, F/M: 1) encountered Ery-

thema multiforme (EM)-like eruption following inoculation (100%

BNT162b2; 50% 1st dose, 50% both doses); The first patient was

a 55-year-old male without previous history of EM who developed

symptoms within 10 days and treated with systemic corticoste-

roids within 10 days, but the second patient was a 58-year-old

female with a past medical history of EM and recurrent episodes of

herpes labialis, presented her symptoms in 12 h after first and 24 h

after the second dose and was cured with topical corticosteroids.

• Two patients were diagnosed with Fixed Drug Eruption (FDE). One

a 44-year-old female who developed purplish macule on the third

finger of one hand 10 days after her 2nd dose of BNT162b2, and

the other, a 66-year-old male who developed painful blistering

rashes, violaceous, poorly demarcated patches, large flaccid bullae,

and erosions all over his body along with fever, myalgias, malaise,

muscle tenderness and stiffness in lower extremity with preserved

strength, following his 2nd dose of mRNA-1273 and was diag-

nosed with extensive bullous FDE. Resolution was achieved in

5 days using ibuprofen, high-dose oral prednisone, along with

drainage of patient's bullae, and administration of mupirocin oint-

ment with Vaseline.

Chilblain-like lesions (CBLL) (n = 9)

CBLLs were reported in 9 patients (mean age: 49.8 years, F/M:

1.25) with manifestations as violaceous/ erythematous lesions in

the spectrum of macules, nodules to patches or plaques, located on

the fingers and/or toes almost symmetrically which could be painful

or to a lesser extent, pruritic. The patient's presentation onset was

5.22 days on average after injection (55.6% BNT162b2, 22.2% Cor-

onaVac, and 22.2% mRNA-1273; 44.5% after 1st dose, 11.1% after

2nd dose, 22.2% after both doses and 22.2% dose not mentioned)

and their symptoms resolved in an average of 18.2 days, treated

with topical corticosteroids (44.5%), antihistamines (22.2%) and

NSAIDs (11.1%).

Pityriasis rosea (n = 9)

Nine patients (mean age: 37.9 years, F/M: 0.67) developed pityriasis

rosea manifestations (herald patch, oval erythematous thin plaques

with peripheral scale dominantly on the trunk and proximal extremi-

ties) without previous or relevant history after 6.38 days on average

of immunization (88.9% BNT162b2 and 11.1% CoronaVac; 11.1%

after 1st dose, 55.6% after 2nd dose and 33.3% after both doses), and

resolution took place after 17.5 days on treatment with topical corti-

costeroids (44.4%) and antihistamines (33.3%) (either separately or in

combination).

Herpes zoster (n = 8)

Eight patients (mean age: 50.5 years, F/M: 0.6) presented with painful

(burning sensation) grouped vesicles on erythematous background in

the various dermatomes and were diagnosed with herpes zoster.

37.5% of them reported a history of varicella infection in childhood,

the patients became symptomatic following vaccination (62.5%

BNT162b2, 12.5% CoronaVac, 12.5% ChAdOx1S nCoV-19, 12.5%

BBV152; 75% 1st dose and 25% doses not mentioned) after

5.17 days on average and mainly managed with Acyclovir.

Purpuric lesions (n = 16)

• Immune thrombocytopenic purpura (ITP) (n = 14)

A total of 14 patients (mean age: 51.14 years, F/M: 1.8) devel-

oped ITP with the presentation of widespread petechiae, purpura or

ecchymosis (78.6%) or local purpuric lesions on the eyelids (21.4%)

after 9.14 days on average of vaccination (33.3% BNT162b2, 25%

mRNA-1273, 25% ChAdOx1S nCoV-19, 8% Ad26.COV2.S and 8%

CoronaVac for diffuse lesions; and 100% BNT162b2 for local eyelid

purpuric lesions; 57.1% after 1st dose, 14.4% after 2nd dose, 7.1%

after both doses and 21.4% dose not mentioned). ITP was treated

mostly by dexamethasone and IVIG and purpuric lesions on the eye-

lids were managed conservatively.

• Vasculitis associated purpura (n = 2)

Two patients encountered vasculitis symptoms: A 31-year-old

female without rheumatologic background developed painful palpable

purpura on her legs after 4 days of injection (BBV152, dose 2). She

was diagnosed with cutaneous small vessel vasculitis (biopsy proven)

and her symptoms resolved within 10 days by wait & watch strategy.

Another patient was a 53-year-old male who experienced abdominal

pain, arthralgia, and palpable purpura after 3 days of vaccination

(BNT162b2, 2nddose), received the diagnosis of Henoch Schoenlein

Purpura and biopsy revealed leukocytoclastic vasculitis. He was man-

aged with corticosteroids.

Inflammatory flare-ups (n = 27)

• Autoimmune inflammatory rheumatic diseases (AIIRD) (n = 13)

A total of 13 patients with AIIRD had flare ups of their disease,

including known cases of psoriasis (23%), lichen planus (15.33%),

Behcet's disease (31%), SLE (15.33%) and other (dermatomyositis,

arthritis)(15.33%),

• Psoriasis (n = 3)

Three psoriatic patients (mean age: 51.3 years, F/M: 1.5) experi-

enced disease flare after 4.5 days on average of inoculation (33.3%

BNT162b2, 33.3% mRNA-1273 and 33.3% CoronaVac, 75%after 1st

dose and 25% after 2nd dose). One of them was a 46-year-old woman

with in remission psoriasis (for 2 years, under prednisolone) and leu-

kocytoclastic vasculitis who developed palpable purpuric papules after

both BNT162b2 vaccine doses, and biopsy from the lesions revealed

leukocytoclastic vasculitis flare, thereafter it was treated by topical

and oral corticosteroids. Another patient was a 72-year-old man with

a history of plaque psoriasis, who developed biopsy-proven
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generalized pustular psoriasis after CoronaVac and was afterward

treated by acitretin and infliximab.

• Lichen planus or lichenoid reactions (n = 2)

Lichen planus was a medical history of 2 patients (mean age:

51.5 years, F/M:1) who encountered their disease relapse after

1.5 days on average of their immunization (100% BNT162b2, 50%

after 1st dose, and 50% after 2nd dose).

• Behçet's (n = 4)

In 4 patients with Behcet's disease (mean age: 32.5 years, 100%

males), flare occurred with a presentation of aphthous ulcers (75%)

and pustular lesions (25%) 5 days on average after injection (100%

BNT162b2, 75% after 1st dose, 25% after 2nd dose) and their treat-

ments were with colchicine, oral corticosteroids and NSAID either sin-

gle or in combination.

• Systemic lupus erythematosus (SLE) (n = 2)

Two patients experienced SLE flares. A 78-year-old woman with

a past history of Systemic lupus erythematosus, presented with fever

and arthritis, besides erythematous rash (generalized acute cutaneous

lupus), purpura and oral aphthous ulcers after 2 days of inoculation

with 1st dose of BNT162b2; biopsy from purpura showed leu-

kocytoclastic vasculitis and consequently treatment was done with

hydroxychloroquine. Another patient with SLE was a 50-year-old

woman who received 1st dose of ChAdOx1S nCoV-19 and presented

with severe hemolysis and arthralgia in addition to oral and nasal

ulceration 14 days post-vaccination. Eventually, she was treated with

oral corticosteroid and rituximab.

• Other AIIRDs (n = 2)

A 62-year-old woman with a history of dermatomyositis, devel-

oped a characteristic rash of dermatomyositis (which she had experi-

enced prior) after 7 days of receiving her 1st dose of BNT162b2 and

was subsequently treated by topical corticosteroids leading to the res-

olution in 1 day.

A 42-year-old woman with history of transient synovitis devel-

oped a painless hemorrhagic rash on toes and erythema along with

migratory arthritis on small joints 4 days after her 1stdose of

BNT162b2, leading to a diagnosis of florid clinical arthritis of the PIP

joints. She was treated with daily prednisolone 10 mg, and the symp-

toms resolved within 7 days.

• Ulcerative colitis (UC) (n = 1)

A 28-year-old male with history of UC for 10 years, and hyper

eosinophilic syndrome (HES) for 5 years (which were both well con-

trolled under vedolizumab and cyclosporin), experienced vesicular skin

rash, oral aphthosis and hemorrhagic diarrhea 4 days following his 1st

dose of BNT162b2, which was treated with daily 1 gr of sulomedrol

for 3 days and prednisone 60 mg/day.

• BCG scar local skin inflammation (n = 2)

Two patients (mean age: 29.5 years, both female) experienced

BCG scar local skin inflammation after 1.75 days of their 2nd injection

(50% BNT162b2 and 50% mRNA-1273; 50% after 1st dose, 50%

after both doses) and it resolved within 3 days on average with para-

cetamol use.

• Radiation recall phenomenon (n = 3)

Three patients with a medical history of malignancy (mean age:

64 years, F/M: 0.5) who had undergone radiotherapy, experienced

Radiation Recall Phenomenon 5.3 days on average following injection

(66.7% BNT162b2 and 33.3% CoronaVac, 66.7% after 1st dose,

33.3% after 2nd dose).

• Inflammatory reaction to hyaluronic acid (HA) soft tissue

fillers (n = 2)

Two women, one 39 and the other 61 years old, experienced del-

ayed inflammatory reaction to HA fillers after their 1st doses of

BNT162b2, presenting with flu-like symptoms such as headache,

fatigue, myalgias, and anorexia, along with tender, erythematous

swelling at areas previously treated with filler. One resolved sponta-

neously after 5 days, but the other was administered 75 units of hyal-

uronidase (at a concentration of 150 units/mL), as her swelling was

intermittent and lasted for 1–3 days at a time, and she had a larger

volume of filler injected in her face; her symptoms subsided 2 days

after administration of the hyaluronidase.

• No flare-up in autoimmune disorders (n = 6)

In the “No flare-up” group, three patients (mean age: 53.3 years,

F/M: 0.5) with a history of psoriasis, under control with apremilast

(and narrowband type B ultraviolet [UVB] therapy in one of them), did

not experience any flare-ups after vaccination (66.7% BNT162b2 and

33.3% ChAdOx1S nCoV-19, either dose). Two patients (mean age:

42 years, both female) with history of mastocytosis and also one

patient with a history of hidradenitis suppurativa (HS) did not suffer

from a flare-up following inoculation (BNT162b2, 1st dose in patients

with mastocytosis and both doses in the one with HS).

In the viewpoint of comparing side-effects following the three

most administered vaccine groups, the most common mucocutaneous

eruptions among mRNA vaccine recipients presented in case reports

(n = 90) were generalized eruptions (17.7%), hypersensitivity reac-

tions (15.5%), injection site reactions (14%), purpuric lesions (11%),

Pityriasis Rosea (8%), Chilblain-like lesions (7.7%), and inflammatory

flare-ups (20%). Among Adenovirus viral vector vaccines (n = 11),

generalized Eruptions (45%) and purpuric lesions (36%) were most

common. Considering inactivated virus vaccines (n = 9), Chilblain-like
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lesions (22%), Herpes Zoster (22%), and purpuric lesions (22%) were

more prevalent.

3.3 | Case series

A total of 10 case series were identified, comprised of 314 cases

(mean age: 44.49 years; 83.76% F), as depicted in Table 2. History of

previous allergy or allergic reaction was present in 42% to 90% of

patients. 63.4% and 36.3% of patients received BNT162b2 and

mRNA-1273 vaccines, respectively, and one participant's (3%) vaccine

was unknown. The mucocutaneous reactions appeared on first or

both doses.

1. Injection site reaction (n = 17, 5.4%)

Injection site reactions, including erythema, wheals (some burn-

ing, itchy, painful, with axillary lymphadenopathy), swelling, painful

and itchy erythematous subcutaneous nodule, painful hardening and

itching were present among 17 patients (5.4%)(100% BNT162b2),

appearing after an average of 1.7 days (for whom a day of onset was

reported).

2. Generalized reaction (n = 33, 10.5%) (100% BNT162b2)

Other nonspecific cutaneous reactions were reported in

33 patients (10.5%). They included generalized urticaria, morbilliform

rash and widespread erythematous lesions, appearing after an average

of almost 4 days (for whom a day of onset was reported).

3. Delayed localized hypersensitivity reactions (n = 32, 10.2%)

(12.5% BNT162b2 and 87.5% mRNA-1273)

Delayed reactions were reported in 32 patients (10.2%) occurring

almost a week after injection. From these, 12 patients developed Del-

ayed large T-cell mediated hypersensitivity presented with rash and

pruritis in extremities which persisted for 6 days and left hyper-

pigmentation in 17% of the patients. A total of 16 patients showed

delayed localized hypersensitivity reactions at injection site, charac-

terized with painful erythematous lesions which disappeared within

8.2 days after the 1st dose and in 3 days after the 2nd dose. Four

patients developed bullous drug-induced reactions with severe pruri-

tus. Delayed reactions were managed with topical steroids, oral anti-

histamines and oral antibiotics.

4. Anaphylaxis (n = 66, 21%) (71% BNT162b2 and 29%

mRNA-1273)

Three articles by Shimabukuro, et al. report anaphylaxis after

mRNA vaccines in different time frames.50–52 The patients in the

preceding reports are only counted once, together with the ones

reported in the updated article. Anaphylaxis was reported in

66 patients (21%), developed an average of about 13 min (10–

16.8 min) after the injections; presenting with respiratory distress,

wheezing and nausea, along with generalized urticaria, diffuse ery-

thematous rash and angioedema (facial, tongue, or laryngeal), and

they were treated with epinephrine (92%), endotracheal intubation

(11%), corticosteroids (86%) and antihistamines (72%). History of

prior allergy or allergic reactions was present in 80% of patients,

and 30% had a history of prior anaphylaxis. Either vaccine was asso-

ciated with anaphylaxis and no deaths from anaphylaxis were

reported.

5. Non-anaphylaxis allergic reaction (n = 126, 40.1%) (65.9%

BNT162b2 and 34.1% mRNA-1273)

A total of 126 patients developed rash, pruritus, itchy and

scratchy sensations in the throat and mild respiratory symptoms onset

12–15 min, indicative of an allergic reaction, but not to the degree of

anaphylaxis. 67% of these people had prior history of allergies or aller-

gic reactions.

6. Herpes zoster (n = 20, 5.8%) (30% BNT162b2 and 70%

mRNA-1273)

A total of 20 patients (5.8%) developed Herpes Zoster after

10 days of injection, which were treated with antivirals, local or sys-

temic corticosteroids and analgesics.

7. Immune thrombocytopenic purpura (ITP) (n = 20, 5.8%) (45%

BNT162b2 and 55% mRNA-1273)

A total of 20 patients (5.8%) developed Idiopathic thrombocyto-

penic purpura (ITP) presented with diffuse petechia and bruising,

8.7 days after injection which were managed with corticosteroids,

platelet transfusions, and rituximab so that 88% had improvements

and 6% were deceased.

3.4 | RCTs

We included a total of 41 RCTs as depicted in Table 3, having enrolled

a cumulative number of 160,464 participants who received vaccines,

with a cumulative mean age of 38.28 years (weighted average age

from 40 studies), 51.53% of them being women.

The included articles consist of phase 1 (n = 11), phase 2 (n = 3),

phase 1/2 (n = 17), phase 2/3 (n = 3) and phase 3 (n = 6) trials, along

with 1 study on all three phases.

The candidate vaccines in order of number of studies on them are

ChAdOx1 nCoV-19 (6 studies), BNT162b2 (5 studies), BNT162b1

(4 studies), mRNA-1273 (4 studies), CoronaVac (3 studies), 5 candidate

vaccines with 2 studies each and 10 candidate vaccines with one

study each.

Among the vaccinated participant groups we included in our

study, most had received BNT162b2 (n = 39,144), mRNA-1273

(n = 30,359), BBIBP-CorV (n = 27,367), Ad26.COV2.S (n = 22,537),
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0
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0
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0
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0
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p
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F
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at
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n
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at
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T
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P
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n
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n
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f
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n
se
t
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e
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o
n
s
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ay

s)

1
.m

R
N
A
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1
.1
.B

N
T
1
6
2
b2

(n
=

3
9
,1
4
4
)

1
W

al
sh
,E

.E
.

P
ha

se
1

3
6

3
9

3
6
.7

N
M

(1
8
–5

5
ye

ar
s)

1
0
,2

0
,a
nd

3
0
μg

2
1

1
In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

fa
ti
gu

e,
ch

ill
s,
sm

al
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u
m
b
er
s

o
f
se
ve

re
sy
st
em

ic
ev

en
ts

(f
at
ig
u
e,
h
ea

d
ac
h
e,
ch

ill
s,

m
u
sc
le

p
ai
n
,a
n
d
jo
in
t
p
ai
n
)

In
je
ct
io
n
si
te

re
dn

es
s:

(2
0
μg

:0
%
,3

0
μg

:8
%
)

In
je
ct
io
n
si
te

sw
el
lin

g
(1
0
μg

:1
7
%
)

P
ea

k
at

d
2

2
Sa

hi
n,

U
.

P
ha

se
1
/2

(e
xt
en

de
d)

1
2

6
6
.7

3
4
.8

N
M

1
0
μg

2
1

1
&
2
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je
ct
io
n
si
te

p
ai
n
,f
ev

er
,c
h
ill
s,

h
ea

d
ac
h
e,
fa
ti
gu

e,
m
u
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le

p
ai
n
,j
o
in
t
p
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n
,d

ia
rr
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ea

In
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n
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te
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w
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lin

g
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%
)

0
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2
2
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2
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U
.

P
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se
1
/2

(e
xt
en

de
d)

1
2

3
3
.3

4
6
.7

N
M

3
0
μg

2
1

1
&
2
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je
ct
io
n
si
te

p
ai
n
,c
h
ill
s,

h
ea

d
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h
e,
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e,
m
u
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le

p
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n
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o
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t
p
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n
,d
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h
ea
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je
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io
n
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te
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w
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lin
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8
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%
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d
n
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)
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,
2
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3
P
o
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P
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1
8
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6
0

4
8
.9

5
1
.2

O
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4
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%
)

3
0
μg

2
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1
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n
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p
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n
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h
ea
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h
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p
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n
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e
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ed

n
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6
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5
5
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5
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5
5
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%
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5
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4
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μg
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n
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n
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p
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5
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s:
6
%
,

≥
5
5
ye

ar
s:
7
%
)

N
M

4
F
re
nc

k,
R
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μg

2
1

1
&
2

In
je
ct
io
n
si
te

p
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n
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e,
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h
e,
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p
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p
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n
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B
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k
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g
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O
V
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μg
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p
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d
d
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m
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ra
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3
1
%
),

p
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1
0
.9
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%
),
h
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d
n
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s(
3
5
.5
%
),

p
u
st
u
le
(0
.2
%
),
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n
er
al

p
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tu
s
(2
%
),
ra
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(1
.3
%
)

(a
m
o
n
g
4
4
8
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b
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0
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1
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.B

N
T
1
6
2
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=

3
2
4
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6
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P
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2
4

5
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3
7
.9

C
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B
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ca
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H
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ic
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ia
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N
as
o
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s,

In
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ea
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o
d
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ac
id
,

H
T
N
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8
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5
ye

ar
s)

1
0
μg

2
1

1
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2
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io
n
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te

p
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n
,f
ev

er
,

h
ea

d
ac
h
e,
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m
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t
p
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n
,m
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p
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n
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n
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6
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2
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%
,

2
n
d
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.3
%
)

0
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o
n
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n
u
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)
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T
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P
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μg
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p
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p
ai
n
,c
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n
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n
es
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5
%

2
n
d
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0
.9
%
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g
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0
.8
%
,2
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d
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6
.7
%
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d
u
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o
n
(1
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%
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2
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d
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%
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0
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6
Li
,J
.

P
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se
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2
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5
0

6
8
.5

H
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ic
em

ia
,H

T
N
,D

M
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5
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5
ye

ar
s)

3
0
μg

2
1

1
&
2

In
je
ct
io
n
si
te

p
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n
,f
ev

er
,

h
ea

d
ac
h
e,
fa
ti
gu

e,
m
al
ai
se
,
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in
t
p
ai
n
,m

u
sc
le

p
ai
n
,c
h
ill
s,
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o
re
xi
a

In
je
ct
io
n
si
te
:r
ed

n
es
s
(1
st
:

1
6
.6
%
),s
w
el
lin

g(
2
n
d
:2

1
.7
%
),

in
d
u
ra
ti
o
n
(1
st
:4

.2
%
)

0
–7

1
W

al
sh
,E

.E
.

P
ha

se
1

3
6

3
9

3
6
.7

N
M

(1
8
–5

5
ye

ar
s)

1
0
μg

,2
0
μg

,
3
0
μg

2
1

1
In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

fa
ti
gu

e,
ch

ill
s

In
je
ct
io
n
si
te

re
dn

es
s:

(3
0
μg

:1
7
%
)

In
je
ct
io
n
si
te

sw
el
lin

g:
(1
0
μg

:2
5
%
,2

0
μg

:1
7
%
)

P
ea

k
at

d
2

1
W

al
sh
,E

.E
.

P
ha

se
1

3
6

3
9

3
6
.7

N
M

(1
8
–5

5
ye

ar
s)

1
0
μg

,2
0
μg

,
3
0
μg

2
1

2
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je
ct
io
n
si
te

p
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n
,f
ev

er
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ti
gu

e,
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ill
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o
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2
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d
o
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d
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lr
ea
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n
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je
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n
si
te

re
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s:

(3
0
μg

:1
7
%
)

In
je
ct
io
n
si
te

sw
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lin

g:
(2
0
μg

:8
%
,3

0
μg

:2
5
%
)

P
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k
at

d
2

1
W

al
sh
,E

.E
.

P
ha

se
1

3
6

6
7
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.1

N
M
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5
–8

5
ye

ar
s)

1
0
μg
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μg
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3
0
μg

2
1

1
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je
ct
io
n
si
te

p
ai
n
,f
ev

er
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ti
gu
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ev
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r
p
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an
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io
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μg
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%
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0
μg
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μg
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%
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d
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1
W

al
sh
,E

.E
.

P
ha

se
1

3
6

6
7

7
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.1

N
M
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5
–8

5
ye

ar
s)

1
0
μg

,2
0
μg

,
3
0
μg

2
1

2
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je
ct
io
n
si
te

p
ai
n
,f
ev

er
(3
3
%

af
te
r
th
e
2
n
d
d
o
se
,1

se
ve

re
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fa
ti
gu

e,
ch

ill
s

In
je
ct
io
n
si
te

re
dn

es
s:
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0
μg

:8
%
,3

0
μg

:8
%
)

In
je
ct
io
n
si
te

sw
el
lin

g:
(1
0
μg

:8
%
,2

0
μg

:1
7
%
,

3
0
μg

:2
5
%
)

P
ea

k
at

d
2

7
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hi
n,

U
.

P
ha

se
1
/2

1
2

5
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.3

3
8
.2
1

N
M

1
μg

2
1

1
&
2
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je
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n
si
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p
ai
n
,f
ev

er
,c
h
ill
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ea

d
ac
h
e,
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m
u
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p
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t
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1
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M
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μg
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2
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n
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p
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n
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h
ill
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p
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t
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n
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n
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w
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%
)

0
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2
2
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7
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n,

U
.

P
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1
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1
2

3
3
.3

3
5
.7
4

N
M

3
0
μg

2
1

1
&
2
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je
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io
n
si
te

p
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n
,f
ev

er
,c
h
ill
s,

h
ea

d
ac
h
e,
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ti
gu
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m
u
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p
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n
,j
o
in
t
p
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n
,d
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rr
h
ea
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je
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n
si
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(5
4
.1
%
),
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lin

g(
4
1
.6
%
)

0
–7

,
2
2
–2

8

7
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n,

U
.

P
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1
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1
2

5
0

3
3
.8
8

N
M

5
0
μg

2
1

1
&
2
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je
ct
io
n
si
te

p
ai
n
,f
ev

er
,c
h
ill
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h
ea

d
ac
h
e,
fa
ti
gu
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m
u
sc
le

p
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n
,j
o
in
t
p
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n
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rr
h
ea
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m
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in
g
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je
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n
si
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(6
2
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%
),
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5
0
%
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0
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2
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8

7
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n,

U
.

P
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1
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1
2

4
1
.7

3
5
.8
1

N
M

6
0
μg

2
1
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je
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n
si
te

p
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n
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ev
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h
ill
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d
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h
e,
fa
ti
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u
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p
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n
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o
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t
p
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n
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h
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m
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g
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je
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n
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te
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w
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3
3
%
)

0
–7

,
2
2
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8
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μg
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0
%
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%
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0
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d
2
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M
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,M
.J
.

P
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1
&
2

1
2

5
8
.3

3
8
.3

N
M

1
0
0
μg

2
1

1
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io
n
si
te

p
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n
,f
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,
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e,
h
ea

d
ac
h
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d
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p
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n
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o
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t

p
ai
n
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e
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8
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%
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<
4
0
%
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5
0
%
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k
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R
N
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2
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=
3
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5
9
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E
.J
.

P
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1

1
0

7
0

6
5
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N
M
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6
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0
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2
5
μg

2
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1
&
2
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je
ct
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n
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te

p
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n
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,
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ea

d
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h
e,
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ra
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m
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h
em

a/
re
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%
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d
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ra
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%
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0
%
)

0
–1
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.J
.
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1
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2
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7
1
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5
μg
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1
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p
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ra
lg
ia
,m

ya
lg
ia

In
je
ct
io
n
si
te

er
yt
h
em

a/
re
d
n
es
s

(2
n
d
≤
2
0
%
),
sw

el
lin

g/
in
d
u
ra
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b
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=

3
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p
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0
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E
.J
.

P
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1

1
0

5
0

6
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N
M
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6
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0
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1
0
0
μg
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e,
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ra
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ra
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0
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.J
.
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7
1
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0
0
μg
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1
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ra
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ra
ti
o
n
(2
n
d
≤
3
0
%
),
sk
in

an
d
su
b
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n
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s
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u
e
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iv
e
n
=

3
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e
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u
p
)

0
–1

1
0
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ck
so
n,

L.
A
.

P
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se
1

1
5

5
1

3
3

N
M

2
5
μg

2
8

1
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je
ct
io
n
si
te

p
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n
,f
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ig
u
e,
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ea

d
ac
h
e,
m
ya
lg
ia
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a

T
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n
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t
u
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n
b
o
th
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n
e
p
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t
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1
0
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L.
A
.

P
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1
5

5
1

3
3

N
M

1
0
0
μg

2
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1
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n
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h
ra
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gu
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h
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m
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ry
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3
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ra
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o
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3
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%
)

N
M

1
0
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L.
A
.
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1
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5
1

3
3

N
M

1
0
0
μg

2
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n
si
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n
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,

n
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,f
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u
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d
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h
e,
m
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ia

E
ry
th
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a/
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s
(1
3
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),
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ra
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o
n/
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el
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g
(6
.7
%
)

N
M

1
0
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n,

L.
A
.

P
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1

1
5

5
1

3
3

N
M

2
5
0
μg

2
8

1
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n
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p
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n
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h
ra
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,
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d
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h
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m
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E
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s
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ra
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o
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3
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N
M

1
0
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L.
A
.

P
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1
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5
1

3
3

N
M

2
5
0
μg

2
8

2
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n
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te

p
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n
,f
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er
,
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th
ra
lg
ia
,f
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u
e,
ch
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h
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d
ac
h
e,
m
ya
lg
ia
,n
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a

E
ry
th
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s
(2
1
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%
),
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ra
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o
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1
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N
M

1
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C
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P
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0
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6
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3
6
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N
M
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1
8
-
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5
5
ye
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s)

5
0
μg

2
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1
&
2
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io
n
si
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p
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n
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ea

d
ac
h
e,
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ti
gu

e,
m
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ia
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al
gi
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na
us
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o
m
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in
g,
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s
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l:
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h
em

a(
1
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%
,

2
n
d
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%
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lin
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1
st
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%
,

2
n
d
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ill
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y
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g
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n
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%
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n
d
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%
),

ge
n
er
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%
,

2
n
d
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%
)

0
–7 (C
o
n
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n
u
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)
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1
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P
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7
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μg
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p
ai
n
,f
ev

er
,

h
ea

d
ac
h
e,
fa
ti
gu

e,
m
ya
lg
ia
,

ar
th
ra
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n
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n
d
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0
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n
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n
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μg
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0
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p
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ra
ti
o
n
(2
5
%
),

re
d
n
es
s(
2
0
%
,5

%
gr
ad

e
≥
3
),

ra
sh
(5
%
),
it
ch

(3
5
%
)
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p
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)
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)
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0
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(d
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=

7
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2
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4
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4
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5
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M
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1
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p
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n
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p
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n
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n
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p
ru
ri
tu
s(
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n
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%
)
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8
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2
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p
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p
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p
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p
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p
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0
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p
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p
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0
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p
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w
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P
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)
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p
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p
ai
n
,

d
ro
w
si
n
es
s,
p
al
p
it
at
io
n
s

In
je
ct
io
n
si
te
:s
w
el
lin

g
(2
.5
%
),

re
d
n
es
s
(1
.7
%
),

h
yp

o
ae

st
h
es
ia
(0
.8
%
),

d
is
co

lo
ra
ti
o
n
(0
.8
%
),
p
ru
ri
tu
s

(0
.8
%
),
ge

n
er
al

h
yp

er
se
n
si
ti
vi
ty

(0
.8
%
)

M
o
st
ly
0
–2

3
3

Z
ha

ng
,Y

.
P
ha

se
2

1
2
0

4
7
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)
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ct
io
n
si
te
:r
ed

n
es
s(
4
%
),

m
u
co

cu
ta
n
eo

u
s

ab
n
o
rm

al
it
ie
s(
4
%
),i
tc
h
(n
o
n
-

in
je
ct
io
n
si
te
)(4

%
)

0
–7

3
6

X
ia
,S

.
P
ha

se
1

2
4

5
0

3
7
.7

N
M

(1
8
–5

9
ye

ar
s)

4
μg

,H
B
0
2
st
ra
in

2
8

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

vo
m
it
in
g

In
je
ct
io
n
si
te
:i
tc
h
(4
%
)

0
–7

3
6

X
ia
,S

.
P
ha

se
1

2
4

4
7

4
0
.1

N
M

(1
8
–5

9
ye

ar
s)

8
μg

,H
B
0
2
st
ra
in

2
8

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

in
ap

p
et
en

ce
,n

au
se
a,

co
n
st
ip
at
io
n

In
je
ct
io
n
si
te
:s
w
el
lin

g
(8
%
)

0
–7

3
6

X
ia
,S

.
P
ha

se
1

2
4

7
2

6
7
.5

N
M

(≥
6
0
ye

ar
s)

8
μg

,H
B
0
2
st
ra
in

2
8

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

fa
ti
gu

e,
h
ea

d
ac
h
e

In
je
ct
io
n
si
te
:i
n
d
u
ra
ti
o
n
(8
%
)

0
–7

3
6

X
ia
,S

.
P
ha

se
2

8
4

5
4

4
0
.8

N
M

(1
8
–5

9
ye

ar
s)

8
μg

,H
B
0
2
st
ra
in

si
ng

le
1

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

fa
ti
gu

e,
h
ea

d
ac
h
e,
d
ia
rr
h
ea

,
m
u
sc
le

p
ai
n
,d

iz
zi
n
es
s,

an
ap

h
yl
ax
is
(1
%
)

In
je
ct
io
n
si
te
:s
w
el
lin

g(
2
%
),i
tc
h

(2
%
),r
ed

n
es
s(
1
%
),r
as
h
(1
%
)

0
–7

3
6

X
ia
,S

.
P
ha

se
2

8
4

5
5

4
1

N
M

(1
8
–5

9
ye

ar
s)

4
μg

,H
B
0
2
st
ra
in

1
4

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

fa
ti
gu

e,
h
ea

d
ac
h
e,
d
ia
rr
h
ea

,
m
u
sc
le

p
ai
n

In
je
ct
io
n
si
te
:it
ch

(1
%
),i
tc
h
(n
o
n-

in
je
ct
io
n
si
te
)(2

%
)

0
–7

3
6

X
ia
,S

.
P
ha

se
2

8
4

5
3

4
1
.7

N
M

(1
8
–5

9
ye

ar
s)

4
μg

,H
B
0
2
st
ra
in

2
1

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

fa
ti
gu

e,
na

us
ea

,h
ea

da
ch

e,
d
ro
w
si
n
es
s

In
je
ct
io
n
si
te
:s
w
el
lin

g(
4
%
),

re
d
n
es
s(
1
%
)

0
–7

3
6

X
ia
,S

.
P
ha

se
2

8
4

5
7

4
3
.7

N
M

(1
8
–5

9
ye

ar
s)

4
μg

,H
B
0
2
st
ra
in

2
8

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
fa
ti
gu

eh
ea

d
ac
h
e,
co

u
gh

In
je
ct
io
n
si
te
:s
w
el
lin

g(
1
%
),i
tc
h

(1
%
),r
ed

n
es
s(
1
%
),
it
ch

(n
o
n
-

in
je
ct
io
n
si
te
)(1

%
)

0
–7

3
7

A
lK

aa
bi
,N

.
P
ha

se
3

1
3
,4
6
4

1
5
.9

3
6
.2

B
as
el
in
e
C
O
V
ID

P
C
R
+

(0
.2
%
),
B
as
el
in
e
Ig
G

+
(5
.0
%
)

5
μg

,W
IV
0
4
st
ra
in

2
1

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,h

ea
d
ac
h
e,

fa
ti
gu

e,
m
ya
lg
ia
,d

ia
rr
h
ea

,
co

u
gh

in
g,
fe
ve

r,
d
ys
pn

ea
,

ar
th
ra
lg
ia
,c
o
n
st
ip
at
io
n
,

n
au

se
a,
vo

m
it
in
g,
d
ys
ph

ag
ia
,

an
o
re
xi
a

In
je
ct
io
n
si
te
:i
nd

ur
at
io
n(
1
.0
%
),

sw
el
lin

g(
1
.5
%
),
ra
sh
(0
.7
%
),

re
d
n
es
s
(1
.1
%
),
it
ch

in
g(
0
.4
%
),

p
ru
ri
tu
s
(n
o
n
-i
n
o
cu

la
te
d
si
te
)

(1
.3
%
),
sk
in

an
d
m
u
co

sa
l

ab
n
o
rm

al
it
ie
s(
0
.2
%
),
ac
u
te

al
le
rg
ic
re
ac
ti
o
n
s(
0
.3
%
)

0
–7

3
7

A
lK

aa
bi
,N

.
P
ha

se
3

1
3
,4
7
1

1
5
.4

3
6
.2

B
as
el
in
e
C
O
V
ID

P
C
R
+

(0
.2
%
),
B
as
el
in
e
Ig
G

+
(5
.2
%
)

4
μg

,H
B
0
2
st
ra
in

2
1

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,h

ea
d
ac
h
e,

fa
ti
gu

e,
m
ya
lg
ia
,d

ia
rr
h
ea

,
co

u
gh

in
g,
fe
ve

r,
d
ys
pn

ea
,

ar
th
ra
lg
ia
,c
o
n
st
ip
at
io
n
,

n
au

se
a,
vo

m
it
in
g,
d
ys
ph

ag
ia
,

an
o
re
xi
a

In
je
ct
io
n
si
te
:i
nd

ur
at
io
n(
0
.6
%
),

sw
el
lin

g(
0
.8
%
),
ra
sh
(0
.7
%
),

re
d
n
es
s(
0
.9
%
),
it
ch

in
g(
0
.5
%
),

p
ru
ri
tu
s
(n
o
n
-i
n
o
cu

la
te
d
si
te
)

(1
.5
%
),
sk
in

an
d
m
u
co

sa
l

ab
n
o
rm

al
it
ie
s(
0
.2
%
),
ac
u
te

al
le
rg
ic
re
ac
ti
o
n
s(
0
.3
%
)

0
–7
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T
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(n
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W
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M
ea
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f
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ge
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ea

r)

P
ar
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m
o
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an
d
(a
ge

gr
o
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st
ud

y)
V
ac
ci
ne

do
se

D
ay

s
be

tw
ee

n
do

se
s

D
o
se

nu
m
be

r
A
n
y
sy
m
p
to
m
s

af
te
r
va

cc
in
e

P
er
ce

n
ta
ge

o
f

m
u
co

cu
ta
n
eo

u
s

re
ac
ti
o
n

T
im

e
o
f

o
n
se
t
th
e

re
ac
ti
o
n
s

(d
ay

s)

4
.4
.B

B
V
1
5
2
(n

=
3
8
0
)

3
8

E
lla
,R

.
P
ha

se
1
/2

1
9
0

2
6

3
4

N
M

3
μg

+
A
lg
el
-I
M
D
G

1
4

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,b

o
d
y
ac
h
e,

fe
ve

r,
h
ea

d
ac
h
e,

m
al
ai
se

R
ed

n
es
s
at

in
je
ct
io
n
si
te

(1
st
:1
%
),
it
ch

in
g
(1
st
:1
%
),

st
if
fn
es
s
in

u
p
p
er

ar
m

(1
st
:1
%
)

0
–7

3
8

E
lla
,R

.
P
ha

se
1
/2

1
9
0

2
4

3
5

N
M

6
μg

+
A
lg
el
-I
M
D
G

1
4

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,w

ea
kn

es
s
in

in
je
ct
io
n
ar
m
,b

o
d
y
ac
h
e,

fe
ve

r,
h
ea

d
ac
h
e,

m
al
ai
se
,

w
ea

kn
es
s

R
ed

n
es
s
at

in
je
ct
io
n
si
te

(1
st
:1
%
),
it
ch

in
g(
1
st
:1
%
,

2
nd

:1
%
),r
as
he

s(
1
st
:1
%
)

0
–7

4
.5
.K

C
O
N
V
A
C
(n

=
4
2
4
)

3
9

P
an

,H
.X

.
P
ha

se
1

2
4

5
0

3
8

N
M

5
μg

1
4

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,m

ya
lg
ia
,

fa
ti
gu

e
In
je
ct
io
n
si
te
:in

d
u
ra
ti
o
n
(4
%
),

er
yt
h
em

a(
8
%
)

0
–2

8

3
9

P
an

,H
.X

.
P
ha

se
2

1
0
0

4
7

4
5
.5

N
M

5
μg

1
4

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

in
ap

p
et
en

ce
,m

ya
lg
ia
,

h
ea

d
ac
h
e,
fa
ti
gu

e

In
je
ct
io
n
si
te
:in

d
u
ra
ti
o
n
(2
%
),

er
yt
h
em

a(
1
%
),
p
ru
ri
tu
s(
2
%
)

0
–2

8

3
9

P
an

,H
.X

.
P
ha

se
2

1
0
0

5
5

4
4
.9

N
M

1
0
μg

1
4

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

d
ia
rr
h
ea

,i
n
ap

p
et
en

ce
,

vo
m
it
in
g,
m
ya
lg
ia
,h

ea
d
ac
h
e,

co
u
gh

,d
ys
p
n
ea

,f
at
ig
u
e

In
je
ct
io
n
si
te
:p
ru
ri
tu
s(
1
%
),
sk
in

o
r
m
u
co

sa
ab

n
o
rm

al
it
y(
1
%
)

0
–2

8

3
9

P
an

,H
.X

.
P
ha

se
2

1
0
0

6
2

4
2
.4

N
M

5
μg

2
8

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

d
ia
rr
h
ea

,m
ya
lg
ia
,h

ea
d
ac
h
e,

co
u
gh

,f
at
ig
u
e

In
je
ct
io
n
si
te
:e
ry
th
em

a(
1
%
),

p
ru
ri
tu
s(
1
%
)

0
–2

8

3
9

P
an

,H
.X

.
P
ha

se
2

1
0
0

5
4

4
4
.5

N
M

1
0
μg

2
8

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

d
ia
rr
h
ea

,n
au

se
a,
co

u
gh

,
fa
ti
gu

e

In
je
ct
io
n
si
te
:in

d
u
ra
ti
o
n
(%

3
),

sw
el
lin

g(
2
%
),
er
yt
h
em

a(
5
%
),

p
ru
ri
tu
s(
2
%
)

0
–2

8

4
.6
.I
B
M
C
A
M
S
va
cc
in
e
(n

=
9
6
)(
LD

:5
0
E
U
,M

D
:1

0
0
E
U
)

4
0

P
u,
J.

P
ha

se
1

2
4

5
4

3
7

N
M

LD
1
4

1
In
je
ct
io
n
si
te

p
ai
n
,f
at
ig
u
e,

fe
ve

r,
se
ri
o
u
s
ad

ve
rs
e
ev

en
ts

(8
.3
%
)

In
je
ct
io
n
si
te

it
ch

in
g
(8
.3
%
),
ra
sh

(4
.2
%
)

0
–7

4
0

P
u,
J.

P
ha

se
1

2
4

5
4

3
7

N
M

LD
1
4

2
In
je
ct
io
n
si
te

p
ai
n
,f
at
ig
u
e

In
je
ct
io
n
si
te

re
dn

es
s
(4
.2
%
)

0
–7

4
0

P
u,
J.

P
ha

se
1

2
4

6
7

3
8
.2

N
M

M
D

1
4

2
In
je
ct
io
n
si
te

p
ai
n
,f
at
ig
u
e,

d
ia
rr
h
ea

In
je
ct
io
n
si
te

it
ch

in
g
(4
.2
%
)

0
–7

4
0

P
u,
J.

P
ha

se
1

2
4

5
0

4
0
.1

N
M

M
D

2
8

2
In
je
ct
io
n
si
te

p
ai
n
,f
at
ig
u
e,

fe
ve

r,
se
ri
o
u
s
ad

ve
rs
e
ev

en
ts

(8
.3
%
)

In
je
ct
io
n
si
te

sw
el
lin

g
(4
.2
%
)

0
–7

5
.V

ir
us
-l
ik
e
pa

rt
ic
le

va
cc
in
es

5
.1
.C

o
V
LP

(n
=

1
8
0
)

4
1

W
ar
d,

B
.J
.

P
ha

se
1

2
0

5
5

3
4
.9

N
M

3
.7
5
μg

U
n-
ad

ju
va
nt
ed

2
1

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,h

ea
d
ac
h
e,

fa
ti
gu

e,
ch

ill
s,
d
is
co

m
fo
rt
o
r

u
n
ea

si
n
es
s

In
je
ct
io
n
si
te
:r
ed

n
es
s
(5
%
),

sw
el
lin

g(
5
%
),
sw

el
lin

g
in

n
ec
k

(5
%
)

0
-2
1
d
:a
lle
rg
ic
co

n
ju
n
ct
iv
it
is

(5
%
),
m
ac
u
lo
-p
ap

u
la
r
ra
sh

(5
%
)

0
–7

4
1

W
ar
d,

B
.J
.

P
ha

se
1

2
0

5
0

3
5
.3

N
M

3
.7
5
μg

+
C
pG

2
1

1
&
2

In
je
ct
io
n
si
te

p
ai
n
,f
ev

er
,

h
ea

d
ac
h
e,
m
u
sc
le

ac
h
es

fa
ti
gu

e,
ch

ill
s,
d
is
co

m
fo
rt
o
r

u
n
ea

si
n
es
s

In
je
ct
io
n
si
te
:r
ed

n
es
s
(5
%
),

sw
el
lin

g(
1
st
:5
%
,2

n
d
:1

5
%
)

sw
el
lin

g
in

n
ec
k(
1
st
:2
0
%
,

2
n
d
:5

%
),
ch

es
t
w
al
l(
5
%
);

0
-2
1
d
:h

o
rd
eo

lu
m
(5
%
),
p
la
n
ta
r

fa
sc
iit
is
(5
%
)

0
–7 (C
o
n
ti
n
u
es
)
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B
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.

P
ha

se
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2
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N
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3
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5
μg
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p
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d
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n
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n
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1
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n
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5
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0
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1
d
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gi
n
o
si
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5
%
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n
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n
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%
)

0
–7

4
1

W
ar
d,

B
.J
.

P
ha
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1

2
0

5
0

3
5
.6

N
M

7
.5

μg
U
n-
ad
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2
1

1
&
2
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je
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io
n
si
te

p
ai
n
,h

ea
d
ac
h
e,

m
u
sc
le
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h
es
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t
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h
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ti
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ch
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s

In
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w
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5
%
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in

n
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k
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%
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a

(5
%
),
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o
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(5
%
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0
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d
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h
(5
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)

0
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4
1

W
ar
d,

B
.J
.

P
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1

2
0

6
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3
2
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Gam-COVID-Vac (n = 15,011), and ChAdOx1 nCoV-19 (n = 13,995),

in descending order.

For intervals between the two (or three) doses, studies on

BNT162b2, BNT162b1, Gam-COVID-Vac, NVX-CoV2373, SCB-

2019, V-01 and CoVLP used an interval of 21 days; studies on

mRNA-1273 and MF59-adjuvanted sclamp used 28 days; and studies

on Ad26.COV2.S used 56-day intervals or single doses. Other trials

also tested different regimens or single doses, sometimes comparing

the two. For example, studies on ChAdOx1 nCoV-19 tested day 0–

21, 0–28, 0–56 regimens or intervals anywhere between 21 to

35 days (the rest are noted in the table). Most of these trials used the

same candidate vaccines for both the primer and booster doses, some

using different doses of the same vaccine for each dose. Three of the

studies had administered heterologous primer-booster vaccines;

rAd26 with rAd5 (making up the Gam-COVID-Vac),15,16 and

ChAdOx1-S with BNT162b2 (named the CombiVacS).53

Among our included groups, only one study which was on

BNT162b2 had individuals under the age of 18, set in two groups,

12 to 15-year-olds and 16 to 25-year-olds.4 The rest had only

included individuals above the age of 18, some extending their age

groups up to 85-year-olds. Also, the trials often had groups with dif-

ferent age ranges, measuring the side effects in each age group, which

are all noted in Table 3.

We must bear in mind that the earlier expeditious vaccination

with mRNA vaccines and their larger number of RCT participants is

also reflected in the net number of observed side-effects, as the num-

ber of participants in RCTs on mRNA vaccines (70,277), is almost

comparable to the number of participants in the collective rest of the

vaccine RCTs (90,353). This earlier jumpstart in mRNA vaccination

also warrants more time for researchers to observe the side effects.

We believe that these reasons have led to the larger number of stud-

ies on mRNA vaccines and therefore when evaluating the different

vaccine categories, the relative risk of side-effects should be com-

pared between the groups, not the number of reported cases or

articles.

3.5 | Analytical observational studies

A total of 27 observational articles, consisting of case-control, cohort

and cross-sectional studies were included, with a total population of

467,577 participants, as illustrated in Table 4. The studies came from

different countries such as United States, the UK, Italy, Poland,

Czech Republic, Jordan, Spain, South Korea, Malta, Scotland,

Argentina, China and international registries. The administered candi-

date vaccines in these studies in order of number of collective number

participants having received them were Ad26.COV2.S

(n = 338,765),54 mRNA-1273 (n = 55,944),47,55 BNT162b2

(n = 33,539),45,47,55–66 ChAdOx1 nCoV-19 (n = 26,862),56,60,62,63,66–

68 CoronaVac (n = 1855),69,70Gam-COVID-Vac (n = 683),71 and

BBIBP-CorV (n = 89).56In addition, seven studies reported combined

results on more than one vaccine, collectively comprised of 9851 par-

ticipants. Five of these studies were on BNT162b2 and mRNA-

1273,72–76 one study with the addition of ChAdOx1 nCoV-19 to the

two previous vaccines,77 and one study with BNT162b2 and

ChAdOx1 nCoV-19.78 We categorized the studies base on the vac-

cines administered in Table 4.

3.6 | Recommendations and guidelines for
vaccination in specific groups

A total of 37 articles regarding recommendations, guidelines and con-

sensus opinion of experts on COVID vaccination in specific groups,

such as those with underlying dermatologic or autoimmune disorders

(with worries of potential flare-ups79,80), those with allergies, and

those on immunosuppressive, immunomodulatory or biologic thera-

pies (with worries of inefficient immunization79,81), along with articles

on certain precautions to be taken with regard to possible anaphylaxis

or vaccine-induced thrombotic thrombocytopenia (VITT) were found

and their key points were extracted, as highlighted in Table 5.

These points have been categorized in the table as depicted

below:

1. For patients with autoimmune disorders

1.1 Autoimmune inflammatory rheumatic diseases82–87

1.1.1 Psoriasis88,89

1.2 Hidradenitis suppurativa90

1.3 Patients with pemphigus on rituximab91

1.4 Inflammatory bowel diseases92

2. For patients with allergic or atopic disorders

2.1 Atopic dermatitis93–95

2.2 Mastocytosis96,97

2.3 Urticaria93,94

2.4 Allergic diseases (general)98–103

2.5 Precautions for anaphylaxis104–108

3. For dermatology patients on Immunosuppressive, immunomodula-

tory or biologic therapies109–113

4. Precautions for vaccine-induced thrombotic

thrombocytopenia72,114

5. For delayed reactions to hyaluronic acid soft tissue fillers115–117

4 | DISCUSSION

With the emerging knowledge of the adverse events following

COVID-19 immunization, an arising demand has been put on clinicians

to be updated on the various mild to severe or potentially life- threat-

ening manifestations of COVID vaccines, and whether or not certain

patient groups can be vaccinated, or what precautions are to be taken

with regard to their medical status. Much attention has been focused

on hot topics regarding COVID-19 prognostic and therapeutic options

during the pandemic, with special focus on dermatologic

concerns,118–135 and now with the wide distribution of the COVID

vaccines, a comprehensive assessment of the mucocutaneous erup-

tions associated with COVID-19 immunization is an issue of great
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importance, so that with concrete knowledge, vaccination is not hin-

dered by hesitancy through false beliefs about the extension or preva-

lence of adverse events or worries of flare-ups or inefficient

immunization, and that critical or potentially fatal adverse reactions

are safely avoided.

We extracted any side effects of COVID-19 vaccines reported in

these studies with a special emphasis on mucocutaneous manifesta-

tions, comorbidities, lesion characteristics, time of onset, location, and

duration of reactions, along with vaccine types, and further details

regarding dosage, conjugated materials and age groups for the RCTs.

It is important to mention that studies with no mucocutaneous mani-

festations were not included in our systematic review. Also, among

the studies we did include, we did not extract the data on groups or

subgroups that had no mucocutaneous reactions to the vaccines, so

the results and numbers presented here are only on groups with

mucocutaneous side effects.

Regarding the case reports and case series, we would like to also

emphasize the importance of reporting registries and helping the med-

ical community gather data on more unsolicited adverse events

related to vaccination, that were perhaps less commonly observed in

the initial trials, and through this cumulative international effort to

report these events, many less solicited adverse reactions are now

well-known and clinicians are well aware of their potential emergence,

and as expressed earlier, many guidelines, consensus recommenda-

tions and position papers have been written since.

Regarding the RCTs, the most common side effect among all trials

was injection site pain, present in 95% of studies. Among the common

systemic reactions were fatigue, fever, headache, chills, malaise,

arthralgia, myalgia, nausea, vomiting and diarrhea. Among the com-

mon local (injection site) reactions reported in the RCTs were redness,

swelling, induration, pruritis and warmth. Generalized pruritis, rash,

hypersensitivity and lymphadenopathy (axillary) were also among the

solicited general side effects. Less solicited or unsolicited mucocuta-

neous adverse events reported in the RCTs were mucocutaneous

eruptions like pustules (at injection site or elsewhere), macular or

maculo-papular allergic rashes, petechial rash, urticaria, injection site

discoloration or bruising, alopecia, contact dermatitis, acne-form der-

matitis, allergic conjunctivitis, hordeolum, chalazion, keratoconjuncti-

vitis, uveitis, benign neoplasm of the eyelid, plantar fasciitis, swelling

in the neck, chest wall or groin, oral herpes, dyshidrotic eczema, bac-

terial vaginosis, vaginal infection, vulvovaginal pruritus, anaphylactic

reactions, cellulitis, psoriasis, rosacea, vitiligo, Raynaud's phenomenon,

among other epidermal and dermal conditions, skin appendage condi-

tions, dental and gingival conditions and oral soft tissue conditions.

These side effects were sometimes more common in lower dose

groups or younger age groups, which is an interesting observation.

There was the same pattern with the primer and booster doses where

sometimes side effects were more common after the booster doses

and sometimes after the primers, so the trials' results were not all in

the same direction on this matter. Among patients' comorbidities were

obesity, hypertension, diabetes, history of or current COVID-19, met-

abolic and endocrine conditions, allergies and hypersensitivities,

asthma, cardiac and pulmonary conditions, psychiatric disorders, joint

and back pain, positive HIV, malignancy and autoimmune illnesses.

Moving on to safety assessments, most studies had observed the side

effects within 7 days after vaccination, others extending the watch

period to 14, 21, 28, or more days.

Regarding the analytical observational studies, a wide range of

side effects after vaccination were reported in the studies. Among

these studies, the most common reaction after COVID-19 vaccination

was local adverse events such as injection site pain and numbness.

Apart from local events, systematic reactions such as fatigue followed

by fever, myalgia, headache, bone pain, joint pain represented as the

most common symptoms. Other mild adverse effects such as nausea,

sweating, dizziness, diarrhea, vomiting, taste disturbance, itchy

scratchy throat, insomnia, spasm, migraine, nasal obstruction, and

rhinolalia were also observed in the reported results. To further cate-

gorize the reported adverse events, they mostly fell into seven groups;

musculoskeletal, gastrointestinal, cardiovascular, neurological, respira-

tory, allergic reactions, and mucocutaneous symptoms. The mucocuta-

neous reactions ranged a broad spectrum from mild local reactions

including swelling, redness, pruritus, rash, urticaria, and burning sensa-

tion of the skin, to more rare reactions such as erythromelalgia,

morbilliform rash, contact dermatitis, oral ulcers, blisters and vesicles,

bleeding and burning gingiva, angular cheilitis, swollen lips,

xerostomia, flare of existing dermatologic conditions such as varicella-

zoster or herpes simplex flares, and pityriasis rosea-like reactions. The

rare mucocutaneous effects were efficiently controlled with steroids,

antihistamines, and pain-relievers. The side effects were most fre-

quently reported within the first 3 days after vaccination, but there

were also some studies reporting delayed adverse reactions, up to

4 weeks after vaccination. Duration of reactions varied from most fre-

quently almost 1 day to as long as 4 weeks or more. The most com-

mon location of mucocutaneous lesions was upper limbs (injection

site), trunk and face. Almost half of these studies reported partici-

pants' comorbidities. The most commonly reported comorbidities

were hypertension, prior COVID-19, diabetes mellitus, cardiovascular

disorders, autoimmune, rheumatologic or allergic disorders, malignan-

cies, obesity, and anaphylaxis.47,57,59,65,67,70–74,78,118,136–139 In addi-

tion, less common co-morbidities including asthma, thyroid disorder,

psychological distress, hepatologic disease, and ophthalmologic dis-

ease were also mentioned in these studies.

Regarding the recommendations and guidelines for vaccination in

specific groups, a generally positive view toward vaccination was

expressed, inviting most groups to vaccinate, while having the neces-

sary precautions in mind, and clarifying the contra-indications so

those with higher risks could safely avoid any severe adverse reac-

tions or modify their vaccination and/or treatment schedules to

achieve peak immunization, all the while having their underlying dis-

eases under control.

In some cases, a true causality between proposed adverse events

and vaccination was not concluded. In these situations, we relied on

the authors' original statement, while considering patient's past medi-

cal history, notably previous allergic/hypersensitivity reactions to

other vaccines or drugs, and the temporal course between vaccine

administration and onset of the eurptions. Based on provided
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evidence, in patients with no alternative underlying source for the

adverse eurptions, and in case the onset of reactions were compatible

with our experience and current literature, usually occurring from 2–

3 days to 3–4 weeks, a vaccine induced adverse reaction was

ascertained.

The authors of this study have worked on various clinical aspects

of COVID-19, COVID-19 vaccination and dermatology118–135,140,141

and it seems that this hot topic could answer some questions and con-

cerns about the most encountered specific disorder in the field of

dermatology.

We hope the present article provides its audience with the state-

of-the-art knowledge that is essential in today's standard of care

regarding the mucocutaneous adverse reactions following COVID-19

vaccination.

5 | CONCLUSION

Mild, moderate, severe, and potentially life-threatening adverse

events have been reported following immunization with COVID-19

vaccines. It appears that although in the assessment of the pros and

cons of vaccination, mucocutaneous adverse events could be one of

the causes of vaccine hesitancy, they are nonetheless mostly non-sig-

nificant, self-limiting reactions, and for the more uncommon moderate

to severe reactions, guidelines and consensus position papers can be

of great importance to provide those at higher risks and those with

specific worries of flare-ups or inefficient immunization, with suffi-

cient recommendations to safely schedule their vaccine doses, or

avoid vaccination if they have the discussed contra-indications.

ACKNOWLEDGMENTS

The authors would like to express their gratitude to the staff of the

Rasool Akram Medical Complex Clinical Research Development Cen-

ter (RCRDC) for their technical and editorial assistance.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHORS CONTRIBUTION

All authors contributed to the preparation and finalization of this

article.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Azadeh Goodarzi https://orcid.org/0000-0002-1249-4429

REFERENCES

1. Walsh EE, Frenck RW, Falsey AR, et al. Safety and immunogenicity

of two RNA-based Covid-19 vaccine candidates. N Engl J Med. 2020;

383(25):2439-2450.

2. Sahin U, Muik A, Vogler I, et al. BNT162b2 vaccine induces neutral-

izing antibodies and poly-specific T cells in humans. Nature. 2021;

595(7868):572-577.

3. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the

BNT162b2 mRNA Covid-19 vaccine. N Engl J Med. 2020;383(27):

2603-2615.

4. Frenck RW Jr, Klein Np, Kitchin N, et al. Safety, immunogenicity, and

efficacy of the BNT162b2 Covid-19 vaccine in adolescents. N Engl J

Med. 2021;385(3):239-250.

5. Anderson EJ, Rouphael NG, Widge A, et al. Safety and immunogenic-

ity of SARS-CoV-2 mRNA-1273 vaccine in older adults. N Engl J

Med. 2020;383(25):2427-2438.

6. Jackson LA, Anderson EJ, Rouphael NG, et al. An mRNA vaccine

against SARS-CoV-2 - preliminary report. N Engl J Med. 2020;

383(20):1920-1931.

7. Chu L, McPhee R, Huang W, et al. A preliminary report of a random-

ized controlled phase 2 trial of the safety and immunogenicity of

mRNA-1273 SARS-CoV-2 vaccine. Vaccine. 2021;39(20):2791-

2799.

8. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the

mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med. 2021;384(5):

403-416.

9. Barrett JR, Belij-Rammerstorfer S, Dold C, et al. Phase 1/2 trial of

SARS-CoV-2 vaccine ChAdOx1 nCoV-19 with a booster dose

induces multifunctional antibody responses. Nat Med. 2021;27(2):

279-288.

10. Folegatti PM, Ewer KJ, Aley PK, 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. Lan-

cet. 2020;396(10249):467-478.

11. Madhi SA, Baillie V, Cutland CL, et al. Efficacy of the ChAdOx1

nCoV-19 Covid-19 vaccine against the B.1.351 variant. N Engl J

Med. 2021;384(20):1885-1898.

12. Frater J, Ewer KJ, Ogbe A, 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. Lancet

HIV. 2021;8(8):e474-e485.

13. Ramasamy MN, Minassian AM, Ewer KJ, et al. Safety and immuno-

genicity of ChAdOx1 nCoV-19 vaccine administered in a prime-

boost regimen in young and old adults (COV002): a single-blind, ran-

domised, controlled, phase 2/3 trial. Lancet. 2021;396(10267):1979-

1993.

14. Voysey M, Costa Clemens SAC, Madhi SA, 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. Lancet. 2021;397(10269):99-111.

15. Logunov DY, Dolzhikova IV, Shcheblyakov DM, et al. Safety and

efficacy of an rAd26 and rAd5 vector-based heterologous prime-

boost COVID-19 vaccine: an interim analysis of a randomised con-

trolled phase 3 trial in Russia. Lancet. 2021;397(10275):671-681.

16. Logunov DY, Dolzhikova IV, Zubkova OV, et al. Safety and immunoge-

nicity of an rAd26 and rAd5 vector-based heterologous prime-boost

COVID-19 vaccine in two formulations: two open, non-randomised

phase 1/2 studies from Russia. Lancet. 2020;396(10255):887-897.

17. Zhu FC, XH G, YH L, et al. Immunogenicity and safety of a recombi-

nant adenovirus type-5-vectored COVID-19 vaccine in healthy

adults aged 18years or older: a randomised, double-blind, placebo-

controlled, phase 2 trial. Lancet. 2020;396(10249):479-488.

18. Zhu FC, Li YH, Guan XH, et al. Safety, tolerability, and immunogenic-

ity of a recombinant adenovirus type-5 vectored COVID-19 vaccine:

a dose-escalation, open-label, non-randomised, first-in-human trial.

Lancet. 2020;395(10240):1845-1854.

19. Sadoff J, Gray G, Vandebosch A, et al. Safety and efficacy of single-

dose Ad26.COV2.S vaccine against Covid-19. N Engl J Med. 2021;

384(23):2187-2201.

64 of 68 SEIRAFIANPOUR ET AL.

https://orcid.org/0000-0002-1249-4429
https://orcid.org/0000-0002-1249-4429


20. Sadoff J, Le Gars M, Shukarev G, et al. Interim results of a phase

1-2a trial of Ad26.COV2.S Covid-19 vaccine. N Engl J Med. 2021;

384(19):1824-1835.

21. Shinde V, Bhikha S, Hoosain Z, et al. Efficacy of NVX-CoV2373

Covid-19 vaccine against the B.1.351 variant. N Engl J Med. 2021;

384(20):1899-1909.

22. Keech C, Albert G, Cho C, et al. Phase 1-2 trial of a SARS-CoV-2

recombinant spike protein nanoparticle vaccine. N Engl J Med. 2020;

383(24):2320-2332.

23. Chappell KJ, Mordant FL, Li Z, et al. Safety and immunogenicity of

an MF59-adjuvanted spike glycoprotein-clamp vaccine for SARS-

CoV-2: a randomised, double-blind, placebo-controlled, phase 1 trial.

Lancet Infect Dis. 2021;21(10):1383–1394.
24. Richmond P, Hatchuel L, Dong M, et al. Safety and immunogenicity

of S-Trimer (SCB-2019), a protein subunit vaccine candidate for

COVID-19 in healthy adults: a phase 1, randomised, double-blind,

placebo-controlled trial. Lancet. 2021;397(10275):682-694.

25. Goepfert PA, Fu B, Chabanon AL, et al. Safety and immunogenicity

of SARS-CoV-2 recombinant protein vaccine formulations in

healthy adults: interim results of a randomised, placebo-controlled,

phase 1-2, dose-ranging study. Lancet Infect Dis. 2021;21(9):

1257-1270.

26. Yang S, Yan Y, Dai L, et al. Safety and immunogenicity of a recombi-

nant tandem-repeat dimeric RBD-based protein subunit vaccine

(ZF2001) against COVID-19 in adults: two randomised, double-

blind, placebo-controlled, phase 1 and 2 trials. Lancet Infect Dis.

2021;21(8):1107-1119.

27. Zhang J, Hu Z, He J, et al. Safety and immunogenicity of a recombi-

nant interferon-armed RBD dimer vaccine (V-01) for COVID-19 in

healthy adults: a randomized, double-blind, placebo-controlled.

Phase I Trial Emerg Microbes Infect. 2021;10(1):1589-1597.

28. Ryzhikov A, Ryzhikov EA, Bogryantseva MP, et al. A single blind,

placebo-controlled randomized study of the safety, reactogenicity

and immunogenicity of the “EpiVacCorona” vaccine for the preven-

tion of COVID-19, in volunteers aged 18–60years (phase I–II).
Russian J Infect Immun. 2021;11(2):283-296.

29. Wu Z, Hu Y, Xu M, et al. Safety, tolerability, and immunogenicity of

an inactivated SARS-CoV-2 vaccine (CoronaVac) in healthy adults

aged 60years and older: a randomised, double-blind, placebo-con-

trolled, phase 1/2 clinical trial. Lancet Infect Dis. 2021;21(6):

803-812.

30. Zhang Y, Zeng G, Pan H, et al. Safety, tolerability, and immunogenic-

ity of an inactivated SARS-CoV-2 vaccine in healthy adults aged

18-59years: a randomised, double-blind, placebo-controlled, phase

1/2 clinical trial. Lancet Infect Dis. 2021;21(2):181-192.

31. Tanriover MD, Levent Do�ganay H, Akova A, 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. Lancet. 2021;398(10296):

213-222.

32. Xia S, Zhang Y, Wang Y, et al. Safety and immunogenicity of an

inactivated SARS-CoV-2 vaccine, BBIBP-CorV: a randomised,

double-blind, placebo-controlled, phase 1/2 trial. Lancet Infect Dis.

2021;21(1):39-51.

33. Al Kaabi N, Zhang Y, Xia S, et al. Effect of 2 inactivated SARS-CoV-2

vaccines on symptomatic COVID-19 infection in adults: A random-

ized clinical trial. JAMA. 2021;326(1):35-45.

34. Xia S, Duan K, Zhang Y, et al. Effect of an inactivated vaccine against

SARS-CoV-2 on safety and immunogenicity outcomes: interim anal-

ysis of 2 randomized clinical trials. JAMA. 2020;324(10):951-960.

35. Ella R, Reddy S, Jogdand H, et al. Safety and immunogenicity of an

inactivated SARS-CoV-2 vaccine, BBV152: interim results from a

double-blind, randomised, multicentre, phase 2 trial, and 3-month

follow-up of a double-blind, randomised phase 1 trial. Lancet Infect

Dis. 2021;21(7):950-961.

36. Pan HX, Liu JK, Huang BY, et al. Immunogenicity and safety of a

severe acute respiratory syndrome coronavirus 2 inactivated vaccine

in healthy adults: randomized, double-blind, and placebo-controlled

phase 1 and phase 2 clinical trials. Chin Med J (Engl). 2021;134(11):

1289-1298.

37. Pu J, Yu Q, Yin Z, et al. The safety and immunogenicity of an

inactivated SARS-CoV-2 vaccine in Chinese adults aged 18-59years:

A phase I randomized, double-blinded, controlled trial. Vaccine.

2021;39(20):2746-2754.

38. Ward BJ, Gobeil P, Séguin S, et al. Phase 1 randomized trial of a

plant-derived virus-like particle vaccine for COVID-19. Nat Med.

2021;27(6):1071-1078.

39. Sanghvi AR. COVID-19: an overview for dermatologists. Int J

Dermatol. 2020;59(12):1437-1449.

40. Pormohammad A, Zarei M, Ghorbani S, et al. Efficacy and safety of

covid-19 vaccines: A systematic review and meta-analysis of ran-

domized clinical trials. Vaccine. 2021;9(5):467.

41. Ella R, Vadrevu KM, Jogdand H, et al. Safety and immunogenicity of

an inactivated SARS-CoV-2 vaccine, BBV152: a double-blind, ran-

domised, phase 1 trial. Lancet Infect Dis. 2021;21(5):637-646.

42. Watad A, De Marco G, Mahajna H, et al. Immune-mediated disease

flares or new-onset disease in 27 subjects following mRNA/DNA

SARS-CoV-2 vaccination. Vaccine. 2021;9(5):435.

43. Ball P. The lightning-fast quest for COVID vaccines - and what it

means for other diseases. Nature. 2021;589(7840):16-18.

44. FDA. Vaccine Adverse Event Reporting System (VAERS). Available

from: https://vaers.hhs.gov/index.html.

45. Kadali RAK, Janagama R, Peruru S, Malayala SV, et al. Side effects

of BNT162b2 mRNA COVID-19 vaccine: A randomized, cross-

sectional study with detailed self-reported symptoms from

healthcare workers. Int J Infect Dis. 2021;106:376-381.

46. Sun Q, Fathy R, McMahon DE, Freeman EE, et al. COVID-19 vac-

cines and the skin: the landscape of cutaneous vaccine reactions

worldwide. Dermatol Clin. 2021;39(4):653-673.

47. McMahon DE, Amerson E, Rosenbach M, et al. Cutaneous reactions

reported after Moderna and Pfizer COVID-19 vaccination: A

registry-based study of 414 cases. J Am Acad Dermatol. 2021;85(1):

46-55.

48. Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015:

elaboration and explanation. BMJ. 2015;350:g7647..

49. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group et al.

Preferred reporting items for systematic reviews and meta-analyses:

the PRISMA statement. PLoS Med. 2009;6(7):e1000097.

50. Shimabukuro T, Nair N. Allergic reactions including anaphylaxis after

receipt of the first dose of Pfizer-BioNTech COVID-19 vaccine.

JAMA. 2021;325(8):780-781.

51. CDC COVID-19 Response Team; Food and Drug Administration.

Allergic reactions including anaphylaxis after receipt of the first dose

of Moderna COVID-19 vaccine - United States, December 21,

2020–January 10, 2021. MMWR Morb Mortal Wkly Rep. 2021;70(4):

125-129.

52. Shimabukuro TT, Cole M, Su JR. Reports of anaphylaxis after receipt

of mRNA COVID-19 vaccines in the US—December 14, 2020-

January 18, 2021. JAMA. 2021;325(11):1101-1102.

53. Borobia AM, Carcas AJ, Pérez-Olmeda M, et al. Immunogenicity and

reactogenicity of BNT162b2 booster in ChAdOx1-S-primed partici-

pants (CombiVacS): a multicentre, open-label, randomised, con-

trolled, phase 2 trial. Lancet. 2021;398(10295):121-130.

54. Shay DK, Gee J, Su JR, et al. Safety monitoring of the Janssen

(Johnson & Johnson) COVID-19 vaccine - United States, march-April

2021. MMWR Morb Mortal Wkly Rep. 2021;70(18):680-684.

55. Robinson LB, Fu X, Hashimoto D, et al. Incidence of cutaneous reac-

tions after messenger RNA COVID-19 vaccines. JAMA Dermatol.

2021;157(8):1000-1002.

SEIRAFIANPOUR ET AL. 65 of 68

https://vaers.hhs.gov/index.html.


56. Abu-Hammad O, Alduraidi H, Abu-Hammad S, et al. Side effects

reported by jordanian healthcare workers who received covid-19

vaccines. Vaccine. 2021;9(6):577.

57. Riad A, Pokorná A, Attia S, Klugarová J, Koščík M, Klugar M, et al.

Prevalence of COVID-19 vaccine side effects among healthcare

Workers in The Czech Republic. J Clin Med. 2021;10(7):1428.

58. Fernandez-Nieto D, Hammerle D, Fernandez-Escribano JH, et al.

Skin manifestations of the BNT162b2 mRNA COVID-19 vaccine in

healthcare workers. 'COVID-arm': a clinical and histological charac-

terization. J Eur Acad Dermatol Venereol. 2021;35(7):e425-e427.

59. Cuomo, G., Atteno M & Naclerio C, et al., POS1248 safety profile of

Pfizer-BioNTech Covid-19 vaccine in patients with rheumatic dis-

eases: preliminary assessment, BMJ Publishing Group Ltd, 2021

60. Menni C, Klaser K, May A, et al. Vaccine side-effects and SARS-

CoV-2 infection after vaccination in users of the COVID symptom

study app in the UK: a prospective observational study. Lancet Infect

Dis. 2021;21(7):939–949.
61. Rojas-Pérez-Ezquerra P, Crespo Quir�os J, Tornero Molina P, Baeza

Ochoa de Ocáriz ML. Safety of new mRNA vaccines against COVID-

19 in severely allergic patients. J Investig Allergol Clin Immunol. 2021;

31(2):180-181.

62. Bae S, Lee YW, Lim SY, et al. Adverse reactions following the first

dose of ChAdOx1 nCoV-19 vaccine and BNT162b2 vaccine for

healthcare workers in South Korea. J Korean Med Sci. 2021;36(17):

e115.

63. Hwang YH, Song KH, Choi Y, et al. Can reactogenicity predict immu-

nogenicity after COVID-19 vaccination? Korean J Intern Med. 2021;

36(6):1486–1491.
64. Cuschieri S, Borg M, Agius S, Souness J, Brincat A, Grech V. Adverse

reactions to Pfizer-BioNTech vaccination of healthcare workers at

Malta's state hospital. Int J Clin Pract. 2021;75(10):e14605.

65. Monin L, Laing AG, Muñoz-Ruiz M, 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. Lancet Oncol. 2021;22(6):765-778.

66. Simpson CR, Shi T, Vasileiou E, et al. First-dose ChAdOx1 and

BNT162b2 COVID-19 vaccines and thrombocytopenic, thromboem-

bolic and hemorrhagic events in Scotland. Nat Med. 2021;27(7):

1290-1297.

67. Riad A, Pokorná A, Mekhemar M, et al. Safety of chadox1 ncov-19

vaccine: independent evidence from two eu states. Vaccine. 2021;

9(6):673.

68. Jeon M, Kim J, Oh CE, Lee JY. Adverse events following immuniza-

tion associated with coronavirus disease 2019 vaccination reported

in the mobile vaccine adverse events reporting system. J Korean Med

Sci. 2021;36(17):e114.

69. Kaya F, Pirincci E. Determining the frequency of serious adverse

reactions of inactive SARS-COV-2 vaccine. Work. 2021;69(3):

735-739.

70. Zhang MX, Zhang TT, Shi GF, et al. Safety of an inactivated

SARS-CoV-2 vaccine among healthcare workers in China. Expert Rev

Vaccines. 2021;20(7):891–898.
71. Pagotto V, Ferloni A, Soriano MM, et al. Active monitoring of early

safety of sputnik V vaccine in Buenos Aires, Argentina. Medicina

(B Aires). 2021;81(3):408-414.

72. Elalamy I, Gerotziafas G, Alamowitch S, et al. SARS-CoV-2 vaccine

and thrombosis: an expert consensus on vaccine-induced immune

thrombotic thrombocytopenia. Thromb Haemost. 2021;121(8):

982-991.

73. Quiroga B, Sánchez-�Alvarez, Goicoechea, de Sequera, Spanish Soci-

ety of Nephrology Council. COVID-19 vaccination among Spanish

nephrologists: acceptance and side effects. J Healthc Qual Res. 2021;

36(6):363–369.
74. Connolly Caoilfhionn M, Ruddy Jake A, Boyarsky Brian J, et al.

Safety of the first dose of mRNA SARS-CoV-2 vaccines in patients

with rheumatic and musculoskeletal diseases. Annals of the Rheu-

matic Diseases. 2021;80(8):1100–1101.
75. Chen G, Li X, Sun M, et al. COVID-19 mRNA vaccines are generally

safe in the short term: A vaccine vigilance real-world study says.

Front Immunol. 2021;12:669010.

76. Samarakoon U, Alvarez-Arango S, Blumenthal KG. Delayed large

local reactions to mRNA Covid-19 vaccines in blacks, indigenous

persons, and people of color. N Engl J Med. 2021;385(7):662-664.

77. Ję�skowiak I, Wiatrak B, Grosman-Dziewiszek P, Szeląg A. The inci-

dence and severity of post-vaccination reactions after vaccination

against COVID-19. Vaccines (Basel). 2021;9(5):502.

78. Mathioudakis AG, Ghrew M, Ustianowski A, et al. Self-reported real-

world safety and reactogenicity of COVID-19 vaccines: a vaccine

recipient survey. Life. 2021;11(3):249.

79. Croce E, Hatz C, Jonker EF, et al. Safety of live vaccinations on

immunosuppressive therapy in patients with immune-mediated

inflammatory diseases, solid organ transplantation or after bone-

marrow transplantation - A systematic review of randomized trials,

observational studies and case reports. Vaccine. 2017;35(9):1216-

1226.

80. Zhang J, Xie F, Delzell E, et al. Association between vaccination for

herpes zoster and risk of herpes zoster infection among older

patients with selected immune-mediated diseases. JAMA. 2012;

308(1):43-49.

81. Bugatti S, De Stefano L, Balduzzi S, et al. Methotrexate and gluco-

corticoids, but not anticytokine therapy, impair the immunogenicity

of a single dose of the BNT162b2 mRNA COVID-19 vaccine in

patients with chronic inflammatory arthritis. Ann Rheum Dis. 2021;

80(12).

82. Curtis JR, Johnson SR, Anthony DD, et al. American College of

Rheumatology Guidance for COVID-19 vaccination in patients with

rheumatic and musculoskeletal diseases: version 1. Arthritis Rheum.

2021;73(7):1093-1107.

83. Park JK, Lee EB, Shin, et al. COVID-19 vaccination in patients with

autoimmune inflammatory rheumatic diseases: clinical guidance of

the Korean college of rheumatology. J Korean Med Sci. 2021;

36(12):e95.

84. Moutsopoulos HM. A recommended paradigm for vaccination of rheu-

matic disease patients with the SARS-CoV-2 vaccine. J Autoimmun.

2021;121:102649.

85. Tam LS, Tanaka Y, Handa R, et al. Updated APLAR consensus state-

ments on care for patients with rheumatic diseases during the

COVID-19 pandemic. Int J Rheum Dis. 2021;24(6):733-745.

86. Santosa A, Xu C, Arkachaisri T, et al. Recommendations for COVID-

19 vaccination in people with rheumatic disease: developed by the

Singapore chapter of rheumatologists. Int J Rheum Dis. 2021;24(6):

746-757.

87. Bechman K, Dey M, Yates M, Bukhari M, Winthrop K, Galloway JB.

The COVID-19 vaccine landscape: what a rheumatologist needs to

know. J Rheumatol. 2021;48(8):1201–1204.
88. Gelfand JM, Armstrong AW, Bell S, et al. National Psoriasis Founda-

tion COVID-19 task force guidance for management of psoriatic dis-

ease during the pandemic: version 2—advances in psoriatic disease

management, COVID-19 vaccines, and COVID-19 treatments. J Am

Acad Dermatol. 2021;84(5):1254-1268.

89. Mease PJ, Calabrese LH, Duffin KC, et al. Psoriasis and psoriatic

arthritis in the context of the COVID-19 pandemic: A plenary ses-

sion from the GRAPPA 2020 annual meeting. J Rheumatol Suppl.

2021;97:24-29.

90. Giamarellos-Bourboulis EJ, Bettoli V, Jemec GBE, et al. Anti-COVID-

19 measurements for hidradenitis suppurativa patients. Exp

Dermatol. 2021;30(1):18-22.

91. Waldman RA, Creed M, Sharp K, et al. Toward a COVID-19 vaccine

strategy for patients with pemphigus on rituximab. J Am Acad

Dermatol. 2021;84(4):e197-e198.

66 of 68 SEIRAFIANPOUR ET AL.



92. Siegel CA, Melmed GY, McGovern DP, et al. SARS-CoV-2 vaccina-

tion for patients with inflammatory bowel diseases: recommenda-

tions from an international consensus meeting. Gut. 2021;70(4):

635-640.

93. Pfaar O, Klimek L, Hamelmann E, et al. COVID-19 vaccination of

patients with allergies and type-2 inflammation with concurrent

antibody therapy (biologicals) – A position paper of the German

Society of Allergology and Clinical Immunology (DGAKI) and the

German Society for Applied Allergology (AeDA). Allergologie. 2021;

44(4):261-269.

94. Ring J, Worm M, Wollenberg A, et al. Risk of severe allergic reac-

tions to COVID-19 vaccines among patients with allergic skin dis-

eases – practical recommendations. A position statement of ETFAD

with external experts. J Eur Acad Dermatol Venereol. 2021;35(6):

e362-e365.

95. Thyssen JP, Vestergaard C, Barbarot S, et al. European task force on

atopic dermatitis: position on vaccination of adult patients with

atopic dermatitis against COVID-19 (SARS-CoV-2) being treated

with systemic medication and biologics. J Eur Acad Dermatol Ven-

ereol. 2021;35(5):e308-e311.

96. Bonadonna P, Brockow K, Niedoszytko M, et al. COVID-19 vaccina-

tion in mastocytosis: recommendations of the European Compe-

tence Network on mastocytosis (ECNM) and American Initiative in

Mast Cell Diseases (AIM). J Allergy Clin Immunol Pract. 2021;9(6):

2139-2144.

97. Stingeni L, Bianchi L, Zalaudek I, et al. Adverse cutaneous and

mucous reactions from anti SARS-CoV-2 vaccines: recommenda-

tions from the Italian Society of Dermatology (SIDeMaST). J Eur

Acad Dermatol Venereol. 2021;156(2):115-117.

98. Klimek L, Chaker AM, Cuevas M. Allergic reactions to COVID-19

vaccinations - what ENT doctors should know. Laryngorhinootologie.

2021;100(4):252-258.

99. Peter J. COVID-19 vaccination: recommendations for management

of patients with allergy or immune-based diseases. S Afr Med

J. 2021;111(4):291-294.

100. Murphy KR, Patel NC, Ein D, et al. Insights from American College

of Allergy, asthma, and immunology COVID-19 vaccine task force:

allergic reactions to mRNA SARS-CoV-2 vaccines. Ann Allergy

Asthma Immunol. 2021;126(4):319-320.

101. Kleine-Tebbe J, Klimek L, Hamelmann E, et al. Severe allergic reac-

tions to the COVID-19 vaccine–statement and practical conse-

quences. Allergol Select. 2021;5:26–28.
102. Tanno LK, Berard F, Beaudoin E, Didier A, Demoly P. Sars-cov-2

vaccination and anaphylaxis: recommendations of the french allergy

community and the Montpellier world health organization collabo-

rating center. Vaccine. 2021;9(6):560.

103. Untersmayr E, Förster-Waldl E, Bonelli M, et al. Immunologically rel-

evant aspects of the new COVID-19 vaccines-an ÖGAI (Austrian

Society for Allergology and Immunology) and AeDA (German Soci-

ety for Applied Allergology) position paper. Allergo J Int. 2021;30(5):

155-168.

104. Worm M, Bauer A, Wedi B, et al. Practical recommendations for the

allergological risk assessment of the COVID-19 vaccination - a har-

monized statement of allergy centers in Germany. Allergol Select.

2021;5:72-76.

105. Turner PJ, Ansotegui IJ, Campbell DE, et al. COVID-19 vaccine-

associated anaphylaxis: a statement of the world allergy organiza-

tion anaphylaxis committee. World Allergy Organ J. 2021;14(2):

100517.

106. Kim MA, Lee YW, Kim SR, et al. COVID-19 vaccine-associated ana-

phylaxis and allergic reactions: consensus statements of the KAAACI

Urticaria/angioedema/anaphylaxis working group. Allergy Asthma

Immunol Res. 2021;13(4):526-544.

107. Klimek L, Bergmann KC, Brehler R, et al. Practical handling of allergic

reactions to COVID-19 vaccines: A position paper from German and

Austrian allergy societies AeDA, DGAKI, GPA and ÖGAI. Allergo J

Int. 2021;30(3):79-95.

108. Klimek L, Novak N, Hamelmann E, et al. Severe allergic reactions

after COVID-19 vaccination with the Pfizer/BioNTech vaccine in

Great Britain and USA: position statement of the German allergy

societies: medical Association of German Allergologists (AeDA), Ger-

man Society for Allergology and Clinical Immunology (DGAKI) and

Society for Pediatric Allergology and Environmental Medicine (GPA).

Allergo J Int. 2021;30(2):51-55.

109. Ferretti F, Cannatelli R, Benucci M, et al. How to manage COVID-19

vaccination in immune-mediated inflammatory diseases: an expert

opinion by IMIDs study group. Front Immunol. 2021;12:656362.

110. Gresham LM, Marzario B, Dutz J, Kirchhof MG. An evidence-based

guide to SARS-CoV-2 vaccination of patients on immunotherapies

in dermatology. J Am Acad Dermatol. 2021;84(6):1652-1666.

111. Wang C, Rademaker M, Tate B, Baker C, Foley P. SARS-CoV-2

(COVID-19) vaccination in dermatology patients on immunomodula-

tory and biologic agents: recommendations from the Australasian

medical dermatology group. Australas J Dermatol. 2021;62(2):151-156.

112. Hauptman M, Vasic J, Krase J. COVID-19 vaccine and biologics: an

impending dilemma. J Drugs Dermatol. 2021;20(1):115-114.

113. Chakravarthy K, Strand N, Frosch A, et al. Recommendations and

guidance for steroid injection therapy and COVID-19 vaccine

administration from the American Society of Pain and Neuroscience

(ASPN). J Pain Res. 2021;14:623–629.
114. Oldenburg J, Klamroth R, Langer F, et al. Diagnosis and management

of vaccine-related thrombosis following AstraZeneca COVID-19

vaccination: guidance statement from the GTH. Hamostaseologie.

2021;41(3):184-189.

115. Gotkin RH, Gout U, Sattler S, et al. Global recommendations on

COVID-19 vaccines and soft tissue filler reactions: A survey-based

investigation in cooperation with the International Society for Der-

matologic and Aesthetic Surgery (ISDS). J Drugs Dermatol. 2021;

20(4):374-378.

116. Rice SM, Ferree SD, Kourosh AS. COVID-19 vaccine reactions in

dermatology: "filling" in the gaps. Cutis. 2021;107(6):288-290.

117. Rice SM, Ferree SD, Mesinkovska N, Shadi Kourosh A. The art of

prevention: COVID-19 vaccine preparedness for the dermatologist.

Int J Womens Dermatol. 2021;7(2):209-212.

118. Seirafianpour F, Sodagar S, Pour Mohammad A, et al. Cutaneous

manifestations and considerations in COVID-19 pandemic: A sys-

tematic review. Dermatol Ther. 2020;33(6):e13986.

119. Atefi N, Behrangi E, Mozafarpoor S, Seirafianpour F, Peighambari S,

Goodarzi A. N-acetylcysteine and coronavirus disease 2019: may it

work as a beneficial preventive and adjuvant therapy? A compre-

hensive review study. J Res Med Sci. 2020;25(1):109.

120. Bazargan M, Behrangi E, Goodarzi A. Cytokine storm and probable

role of immunoregulatory drugs in COVID-19: a comprehensive

review. Iran J Dermatol. 2020;23(Suppl. 1):13–18.
121. Mohamadi M, Goodarzi A, Aryannejad A, et al. Geriatric challenges

in the new coronavirus disease-19 (COVID-19) pandemic: A system-

atic review. Med J Islam Repub Iran. 2020;34:123-123.

122. Najar Nobari N, Seirafianpour F, Mashayekhi F, Goodarzi A. A sys-

tematic review on treatment-related mucocutaneous reactions in

COVID-19 patients. Dermatol Ther. 2020;34(1):e14662.

123. Nobari NN, Goodarzi A. Patients with specific skin disorders who

are affected by COVID-19: what do experiences say about manage-

ment strategies? A systematic review. Dermatol Ther. 2020;33(6):

e13867.

124. Sadeghzadeh-Bazargan A, Behrangi E, Goodarzi A. Systemic reti-

noids in the COVID-19 era–are they helpful, safe, or harmful? A

comprehensive systematized review. Iranian. J Dermatol. 2020;

23(1):9-12.

125. Seirafianpour F, Mozafarpoor S, Fattahi N, Sadeghzadeh-Bazargan

A, Hanifiha M, Goodarzi A. Treatment of COVID-19 with

SEIRAFIANPOUR ET AL. 67 of 68



pentoxifylline: could it be a potential adjuvant therapy? Dermatol

Ther. 2020;33(4):e13733.

126. Goodarzi A. A comprehensive review on COVID-19 infection and

comorbidities of various organs. Acta Med Iran. 2021;59(1):4-14.

127. Kooranifar S, Sadeghipour A, Riahi T, Goodarzi A, Tabrizi S,

Davoody N. Histopathologic survey on lung necropsy specimens of

15 patients who died from COVID-19: A large study from Iran with

a high rate of anthracosis. Med J Islam Repub Iran. 2021;35(1):

481-490.

128. Najar Nobari N, Seirafianpour F, Dodangeh M. A systematic review

of the histopathologic survey on skin biopsies in patients with

Corona virus disease 2019 (COVID-19) who developed virus or

drug-related mucocutaneous manifestations. Exp Dermatol. 2021;

30(9):1233–1253.
129. Nobari NN, Montazer F, Seirafianpour F, Nikkhah F, Aryanian Z,

Goodarzi A. Histopathologic changes and cellular events of organs

systems in COVID-19. J Cell Mol Anesth. 2021;6(1):81-88.

130. Sadeghzadeh-Bazargan A, Rezai M, Najar Nobari N, Mozafarpoor S,

Goodarzi A. Skin manifestations as potential symptoms of diffuse

vascular injury in critical COVID-19 patients. J Cutan Pathol. 2021;

48(10):1266–1276.
131. Kalantari S, Sadeghzadeh-Bazargan A, Ebrahimi S, et al. The effect

of influenza vaccine on severity of COVID-19 infection: an original

study from Iran. Med J Islam Repub Iran. 2021;35:114.

132. Riahi T, Sadeghzadeh-Bazargan A, Shokri S, et al. The effect of

opium on severity of COVID-19 infection:an original study from

Iran. Med J Islam Repub Iran. 2021;35:115.

133. Lotfi Z, Haghighi A, Akbarzadehpasha A, Mozafarpoor S, Goodarzi A.

Pansclerotic morphea following COVID-19: A case report and

review of literature on rheumatologic and non-rheumatologic der-

matologic immune-mediated disorders induced by SARS-CoV-2.

Front Med. 2021;8:728411.

134. Mashayekhi F, Seirafianpour F, Pour Mohammad A, Goodarzi A.

Severe and life-threatening COVID-19-related mucocutaneous

eruptions: A systematic review. Int J Clin Pract. 2021;75(12):e14720.

135. Tavakolpour S, Aryanian Z, Seirafianpour F, et al. A systematic

review on efficacy, safety, and treatment-durability of low-dose

rituximab for the treatment of pemphigus: special focus on COVID-

19 pandemic concerns. Immunopharmacol Immunotoxicol. 2021;

43(5):507-518.

136. Ocáriz M, Zubeldia Ortuño J. Safety of new MRNA vaccines against

COVID-19 in severe allergic patients. J Investig Allergol Clin Immunol.

2021;31(2):180–181.
137. Behrangi E, Ghassemi M, Sadeghzadeh-Bazargan A, Roohaninasab

M, Najar Nobari N, Goodarzi A. A systematic review of clinical stud-

ies on mucocutaneous manifestations of COVID-19: virus-related

and drug-related. Acta Med Iran. 2021;59(12):687-698.

138. Hatami P, Aryanian Z, Nicknam Asl H, Goodarzi A. Mucocutaneous

adverse effects following COVID-19 vaccination: a comprehensive

review of the literature with a presentation of some cases from Iran.

Iran J Dermatol. 2021;24(4):331–338.
139. Kalantari Y, Sadeghzadeh-Bazargan A, Aryanian Z, Hatami P,

Goodarzi A. First reported case of delayed-type hypersensitivity

reaction to non-hyaluronic acid polycaprolactone dermal filler fol-

lowing COVID-19 vaccination: A case report and a review of the lit-

erature. Clin Case Rep. 2022;10:e05343.

140. Bidari A, Hassanzadeh M, Naderkhani M, et al. Predictors of critical

COVID-19 in an Iranian population: age and disabilities play a spe-

cial role. Med J Islam Repub Iran. 2021;35(1):737-743.

141. Bahadorizadeh L, Emamikhah M, Pour Mohammad A, et al. Simulta-

neous occurrence of cerebral venous sinus thrombosis and immune

thrombocytopenic Purpura in a patient with a history of COVID-19

infection. Neurol Ther. 2021;11(1):491–497.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Seirafianpour F, Pourriyahi H,

Gholizadeh Mesgarha M, Pour Mohammad A, Shaka Z,

Goodarzi A. A systematic review on mucocutaneous

presentations after COVID-19 vaccination and expert

recommendations about vaccination of important immune-

mediated dermatologic disorders. Dermatologic Therapy. 2022;

35(6):e15461. doi:10.1111/dth.15461

68 of 68 SEIRAFIANPOUR ET AL.

info:doi/10.1111/dth.15461

	A systematic review on mucocutaneous presentations after COVID-19 vaccination and expert recommendations about vaccination ...
	1  INTRODUCTION
	1.1  Rationale
	1.2  Objective

	2  METHODS
	2.1  Protocol and registration
	2.2  Search strategy
	2.3  Eligibility criteria
	2.4  Screening and data extraction

	3  RESULTS
	3.1  Overview of the studies
	3.2  Case reports
	3.2.1  Injection site reactions, ``Covid arm´´ (n=12)
	3.2.2  Non-injection site reactions (n=104)
	Hypersensitivity reaction type 1 (n=14)
	Generalized Eruptions (n=21)
	Chilblain-like lesions (CBLL) (n=9)
	Pityriasis rosea (n=9)
	Herpes zoster (n=8)
	Purpuric lesions (n=16)
	Inflammatory flare-ups (n=27)


	3.3  Case series
	3.4  RCTs
	3.5  Analytical observational studies
	3.6  Recommendations and guidelines for vaccination in specific groups

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHORS CONTRIBUTION
	DATA AVAILABILITY STATEMENT

	REFERENCES


