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Abstract

Introduction: This systematic review aimed to retrieve patients diagnosed with de

novo immune thrombocytopenic purpura (ITP) after COVID-19 immunization to

determine their epidemiological characteristics, clinical course, therapeutic strategies,

and outcome.

Materials and Methods: We conducted the review using four major databases, com-

prising PubMed, Scopus, Web of Science, and the Cochrane library, until April 2022.

A systematic search was performed in duplicate to access eligible articles in English.

Furthermore, a manual search was applied to the chosen papers' references to

enhance the search sensitivity. Data were extracted and analyzed with the SPSS 20.1

software.

Results: A total of 77 patients with de novo COVID-19 vaccine-associated ITP were

identified from 41 studies, including 31 case reports and 10 case series. The median

age of patients who developed COVID-19 vaccine-associated ITP was 54 years (IQR

36–72 years). The mRNA-based COVID-19 vaccines, including BNT16B2b2 and

mRNA-1273, were most implicated (75.4%). Those were followed by the adenovirus

vector-based vaccines, inclusive of ChAdOx1 nCoV-19 and vAd26.COV2.S. No

report was found relating ITP to other COVID-19 vaccines. Most cases (79.2%)

developed ITP after the first dose of COVID-19 vaccination. 75% of the patients

developed ITP within 12 days of vaccination, indicating a shorter lag time compared

to ITP after routine childhood vaccinations. Sixty-seven patients (87%) patients were

hospitalized. The management pattern was similar to primary ITP, and systemic glu-

cocorticoids, IVIg, or both were the basis of the treatment in most patients. Most

patients achieved therapeutic goals; only two individuals required a secondary admis-

sion, and one patient who presented with intracranial hemorrhage died of the

complication.

Conclusions: De novo ITP is a rare complication of COVID-19 vaccination, and corre-

sponding reports belong to mRNA-based and adenovirus vector-based vaccines, in

order of frequency. This frequency pattern may be related to the scale of administra-

tion of individual vaccines and their potency in inducing autoimmunity. The more the

COVID-19 vaccine is potent to induce antigenic challenge, the shorter the lag time
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would be. Most patients had a benign course and responded to typical treatments of

primary ITP.

K E YWORD S

COVID-19, idiopathic thrombocytopenic purpura, immune thrombocytopenia, platelet,
SARS-CoV-2, vaccine

NOVELTY STATEMENT

What is the new aspect of your work?

This study is the first systematic review on one of the rare but potentially life-threatening

adverse effects of SARS-CoV-2 vaccination.

What is the central finding of your work?

Clinical presentations of COVID-19 vaccine-associated ITP (COVID-19 VITP) are very similar to

idiopathic ITP and the mRNA-based and adenovirus vector-based vaccines are the most com-

mon culprits of COVID-19 VITP, respectively.

What is (or could be) the specific clinical relevance of your work?

Most COVID-19 VITP cases have a benign disease course and respond to treatment

appropriately.

1 | INTRODUCTION

Since the emergence of SARS-CoV-2 in 2019, COVID-19 is still an

ongoing pandemic that has devastated global health. It has resulted in

an iconic international cooperative effort to produce and distribute

vaccines to limit the outbreak, safeguard human lives, and avert fur-

ther socio-economic impacts.1–4 COVID-19 vaccines have shown sub-

stantial efficacy in clinical trials and real-world data.5

However, the safety and adverse effects of the COVID-19 vac-

cines have been a major public concern, resulting in vaccine hesitancy

that necessitates ongoing and comprehensive observation and

research.6–9 Contrary to mild and moderate local or systemic adverse

effects that may occur after vaccination, intense medical conse-

quences are uncommon.2,10,11 Several case series, nevertheless,

revealed hematological problems such as immune thrombocytopenic

purpura (ITP) induced by vaccination.8,12

ITP is an autoimmune disease of platelet destruction resulting in a

platelet count below 100 000 per cubic millimeter and has an inci-

dence of two to five cases per 100 000 person-years.13,14 Even today,

it is quite frustrating that ITP remains a diagnosis of exclusion.15 The

most common type of ITP is the idiopathic primary condition, though

it can also be found secondary to other conditions, such as systemic

autoimmune disorders, medications, a variety of infections, and vacci-

nations.14,16 The latter is termed vaccine-associated ITP and has been

reported following different types of vaccines. This phenomenon, still

rare, has been diagnosed more frequently since employing programs

for massive vaccination against COVID-19.17 Similar to primary ITP,

COVID-19 vaccine-associated ITP can manifest with a broad range of

bleeding symptoms, from petechiae to fatal bleeding.18,19

Nonetheless, it remains unclear whether COVID-19 vaccine-

associated ITP is self-limited or persists and progresses to chronic

ITP.17

The recent literature has witnessed a surge in research on

COVID-19 vaccine-associated ITP. Several reports or case series have

shown new presentations of ITP following different COVID-19 vacci-

nations.7,12,20 However, none of the prior works provide systematic

information concerning the subject.

This systematic review aimed to highlight the characteristics of

COVID-19 vaccine-associated ITP by analyzing the reaction onset,

clinical manifestations, laboratory features, and management strate-

gies based on pooled data extracted from the literature.

2 | MATERIALS AND METHOD

2.1 | Protocol and registration

This systematic review was conducted, and the results were reported

according to Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines.21

2.2 | Search strategy and databases

Two researchers (APM and SA) conducted an independent search on

major databases, including PubMed, Scopus, Web of Science, and

Cochrane library, and retrieved all eligible articles published until

13 April, 2022. The adopted search keywords were COVID-19,
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coronavirus disease 2019, SARS-CoV-2, vaccine, vaccination, specific

COVID-19 vaccine names, AND ITP, immune thrombocytopenia, ITP,

idiopathic thrombocytopenia, idiopathic thrombocytopenic purpura,

petechiae, bleeding and their close word variations in addition to the

related MESH terms. Table S1 represents the search strategy applied

to each database. Furthermore, a manual search was performed

through the selected articles' references to avoid missing relevant

studies.

2.3 | Eligibility criteria

The eligible articles included case reports, case series, and observa-

tional studies that reported at least one case of de novo ITP following

COVID-19 vaccination. Our search was limited to the original clinical

studies published in English and did not include in vitro or animal

studies. To enhance search validity, we sought to exclude reports and

studies on vaccine-induced immune thrombotic thrombocytopenia

(VITT), cerebral venous sinus thrombosis (CVST), disseminated intra-

vascular coagulation (DIC), heparin-induced thrombocytopenia (HIT),

thrombotic thrombocytopenic purpura (TTP) or inferring evidence of

thrombosis, COVID-19 infection-induced ITP, or thrombocytopenia

with any justification other than ITP. In addition, any case with evi-

dence of previous episodes of ITP suggesting a relapse or exacerba-

tion (depending on chronological interlude) was set aside from the

final analysis.

2.4 | Screening

After removing study duplicates from the initial search results, two

reviewers (APM and SA) independently screened the titles and

abstracts of the retrieved articles to check gross relevancy. After-

ward, MGM, SA, DN, and SRA formed two separate groups and

scrutinized initially selected articles' full text to ascertain eligibility.

Subsequently, the two groups cross-checked their results as a

quality control measure. Disagreements were resolved in online

meeting sessions held with the guidance of AB as the senior

researcher.

2.5 | Case duplicates removal

We exerted a careful effort across included studies to eliminate case

duplicates. For that purpose, a computer-assisted algorithm was gen-

erated. Eligible cases were extracted from included studies, and a

trio of variables, including age, gender, and vaccine type, was used

collectively for screening duplicates according to the algorithm. In

this step, potential duplicates were indexed. Subsequently, two inde-

pendent researchers (AP and MGM) reviewed the index cases for

other available details such as demographic data, clinical manifesta-

tions, and applied management. Lastly, we removed verified

duplicates.

2.6 | Data extraction

Data extraction was initiated by generating a structured database

containing articles' titles, authors, and publication dates. Then, the fol-

lowing detailed information was obtained for every patient: the medi-

cal and drug history, vaccine brand and dose, time lag to develop ITP,

selected clinical findings, and relevant laboratory markers such as

platelet count prior to vaccination, platelet count at admission, the

nadir platelet count, anti-platelet antibodies (nonspecific anti-platelet

IgG antibodies, anti-platelet factor IV, anti GP IIb/IIIa), peripheral

blood smear and bone marrow aspiration/biopsy findings, mode and

setting of the treatment, length of hospital stay, and convalescent

platelet count. Any patients with positive anti-platelet factor IV in lab-

oratory data were excluded.

2.7 | Statistical analysis

Descriptive data were reported using frequency, median, mean, and

standard deviation. Comparison across groups was made using Chi-

square and Kruskal–Wallis test for qualitative and quantitative data,

respectively. p values less than .05 were considered statistically signif-

icant. SPSS 20.1 software was used for all analyses.

3 | RESULTS

3.1 | Summary of evidence

A total of 1040 published articles were identified from four different

databases: PubMed, Scopus, Web of Science, and Cochrane. Thereof,

320 articles were duplicated and removed. The remaining articles

were screened for gross eligibility by evaluating titles and abstracts.

As a result, 95 articles were selected. From excluded, most pertained

to VITT. In the last screening step, the articles' full texts were scanned

and scrutinized to determine whether they fulfilled all eligibility cri-

teria. Accordingly, 54 articles were dismissed from the final analysis

for various reasons; the most common were ITP relapse (14 articles)

and inadequate data (12 articles). Eventually, we adopted 41 articles

for our systematic review. Figure 1 depicts the PRISMA chart.

3.2 | Baseline characteristics

A total of 77 patients with de novo post-COVID-19 vaccination ITP

were identified from 41 articles, including 31 case reports and 10 case

series. Females were dominant, comprising 46 (59.7%) of the entire

selected cases. The median age of the study population was 54 years

(IQR 36–72 years). The culprit COVID-19 vaccine types in the study

population included BNT16B2b2 mRNA vaccine (Pfizer-BioNTech) in

35 cases (45.5%), mRNA-1273 vaccine (Moderna) in 23 cases (29.9%),

ChAdOx1 nCoV-19 vaccine (AstraZeneca) 17 cases (22.1%), and

Ad26.COV2.S vaccine (Johnson & Johnson) in two cases (2.6%).
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Sixty-one patients (79.2%) were diagnosed with ITP after receiving

the first vaccine dose for COVID-19, 14 patients (18.2%) after the

second dose, one patient following the booster dose (1.3%), and the

dose number was not specified in another case. The first and second

vaccine doses were from the same brand for patients who developed

ITP after the second dose. The premorbid autoimmune disease was

cited in only eight patients (10.4%). The information for each case in

all included studies are represented in Tables 1 and 2 demonstrates

the summary of the entire extracted cases.

3.3 | ITP lag time and manifestations

Among 71 patients with available data, the median time between vac-

cination and the clinical presentation of ITP was 7 days (IQR 3–12).

While ITP in 75% of cases had been presented by day 12 of vaccina-

tion, a lag time from 1 to 35 days was observed. The median lag times

for the four different types of vaccines were calculated separately.

The figure for BNT16B2b2 mRNA vaccine was 5 days (IQR 3–7.7), for

mRNA-1273 vaccine was 7.5 days (IQR 1.75–13.5), for ChAdOx1

nCoV-19 vaccine was 11.0 days (IQR 5–16), and for Ad26.COV2.S

vaccine was 24.5 days. Kruskal–Wallis test was conducted to examine

the differences on duration onset of ITP reaction according to the

types of vaccines administered. A significant difference (Chi

square = 10.25, p = .017, df = 3) was found among the four catego-

ries of vaccine.

At the time of diagnosis, 10 patients (13%) had no evidence of

thrombocytopenic-related bleeding, while 62 patients (80.5%) exhib-

ited signs of bleeding, and clinical manifestations were not described

in the other five cases (6.4%). The most prevalent manifestations were

cutaneous involvement, encompassing petechiae, purpura, and ecchy-

moses, reported in 70.1% of the patients. Mucosal manifestations

were seen in 46.7% of the patients. In 22.1% of the cases, internal

organ involvements including hemoptysis, hematuria, scleral hemor-

rhage, gastrointestinal bleeding, vaginal bleeding, and cerebral hemor-

rhage were reported. Four individuals had intracranial hemorrhage

(ICH), one of them had a fatal outcome.22

Evans syndrome, a rare condition characterized by the coexis-

tence of autoimmune hemolytic anemia (AIHA) and ITP, was diag-

nosed in one case after receiving the BNT16B2b2 mRNA vaccine.

3.4 | Laboratory findings

Seventeen patients had available prior-to-vaccination platelet count,

which ranged from 126 � 109/L to 429 � 109/L with a median of

220 � 109/L (IQR 172.5–255 � 109/L). Patients' platelet count at

admission had a median of 3 � 109/L (IQR 2–10 � 109/L) and a mode

of 2 � 109/L. The minimum platelet count on the initial day of admis-

sion was <1 � 109/L, and the maximum count was 66 � 109/L. The

median platelet nadir count was 4.5 � 109/L (IQR 1.25–26.75 � 109/L)

in 12 cases with attainable data, ranged from <1 to 59 � 109/L.

Records identified from:
PubMed (n = 219)
Scopus (n = 540)
Web of science (n = 279)
Cochrane (n = 2)

Records removed before 
screening:

Duplicate records removed 
(n = 320)

Records screened by title and
abstract
(n = 720)

Records excluded:
COVID-19 induced (n = 3)
CVST (n = 24)
DIC (n = 1)
VITT (n = 282)
TTP (n = 10)
Thrombotic events (n = 9)
HIT (n = 8)
Miscellaneous (n = 280)
Non-English (n = 8)

Full-texts assessed for eligibility
(n = 95)

Records excluded:
Articles with pooled data (n = 6)
Articles with inadequate data (n = 12)
Review studies (n = 3)
Basic sciences studies (n = 3)
Infection induced (n = 2)
Recommendations and brief 
communications (n = 5)
Evidence of thrombosis (n = 5)
Miscellaneous (n = 4)
Relapse or recurrence of ITP (n = 14)

Studies included in review
(n = 41)

noitacifitnedI
Sc
re
en
in
g

In
cl
ud
ed

F IGURE 1 PRISMA chart

4 BIDARI ET AL.



T
A
B
L
E
1

E
pi
de

m
io
lo
gi
c
ch

ar
ac
te
ri
st
ic
s
o
f
in
cl
ud

ed
ca
se
s

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

B
ab

a,
Y
.,
2
0
2
2
4
2

9
0
/M

B
N
T
1
6
B
2
b2

m
R
N
A

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

7
H
T
N
/D

LP
/M

I
E
xt
en

si
ve

pu
rp
ur
a

o
n
th
e

ex
tr
em

it
ie
s/
IC
H
/

du
o
de

na
l

bl
ee

di
ng

/

im
pa

ir
ed

co
ns
ci
o
us
ne

ss
/

pa
llo

r
o
f

pa
lp
eb

ra
l

co
nj
un

ct
iv
a/

ta
rr
y
st
o
o
l

3
2
2
4

N
M

E
le
va
te
d
p
la
te
le
t

an
ti
b
o
d
ie
s-
Ig
G
/

n
eg

at
iv
e
an

ti

P
F
4

P
SL

4
0
m
g/
d
ay
/

IV
IG
/T

P
O
-R
A

(E
P
A
G
)/
p
la
te
le
t

an
d
R
B
C

tr
an

sf
u
si
o
n

Y
es
/6

7
N
M

Si
va
ra
m
ak
ri
sh
na

n,

P
.,
2
0
2
2
1
7

N
M
/F

C
hA

dO
x1

.
F
ir
st

3
0

P
re
vi
o
us
ly

tr
ea

te
d
pu

lm
o
na

ry

T
B

H
em

o
pt
ys
is
/

m
en

o
rr
ha

gi
a/

fe
ve

r/
st
re
ak
ed

sp
ut
um

8
N
M

N
M

N
M

P
lt
tr
an

sf
u
si
o
n

Y
es
/7

N
M

N
M
/F

C
hA

dO
x1

.
Se

co
nd

1
1

N
M

H
em

o
pt
ys
is
/

m
en

o
rr
ha

gi
a

1
0

N
M

N
M

N
M

P
SL

8
0
m
g/
d
ay

Y
es
/N

M
N
M

C
ho

ng
,K

.M
.,

2
0
2
2
4
3

7
5
/F

m
R
N
A
-1
2
7
3

F
ir
st

3
R
ef
ra
ct
o
ry

lu
ng

ad
en

o
ca
rc
in
o
m
a

H
em

o
pt
ys
is

7
N
M

N
M

H
B
V
p
ro
fi
le

co
m
p
at
ib
le

w
it
h

a
p
re
vi
o
u
s

in
fe
ct
io
n

P
lt
tr
an

sf
u
si
o
n
/P

SL

1
m
g/
kg

/d
ay

Y
es
/5

N
M

Sh
o
na

i,
T
.,
2
0
2
2
4
4

3
4
/F

m
R
N
A
-1
2
7
3

Se
co

nd
2
1

N
M

G
en

er
al
iz
ed

pu
rp
ur
a/
ir
re
gu

la
r

va
gi
na

lb
le
ed

in
g

1
1

N
M

3
N
M

A
t
fi
rs
t:
fo
llo

w
ed

w
it
h
o
u
t
tr
ea

tm
en

t

A
t
fi
rs
t
w
ee

k
o
f

fo
llo

w
u
p
:

P
SL

1
m
g/
kg

/d
ay

T
P
O
-R
A
(E
P
A
G
)

Y
es
/N

M
N
M

C
ha

nu
t,
M
.,

2
0
2
2
4
5

N
M
/

N
M

m
R
N
A
-1
2
7
3

F
ir
st

7
Ig
A
ka
pp

a
(M

G
U
S)
/o

be
si
ty
/

H
T
N
/h
yp

o
th
yr
o
id
is
m
/

co
rt
ic
o
id
-i
nd

uc
ed

gl
au

co
m
a/
re
cu

rr
en

t

rh
eu

m
at
ic
di
se
as
es

E
xt
en

si
ve

br
ui
se
s/

ge
ne

ra
liz
ed

pe
te
ch

ia
e/
IC
H
/

ep
is
ta
xi
s

2
2
8
7

N
M

N
M

IV
IG

1
g/
kg

fo
r
2
d
ay
s

Y
es
/2

3
1
0

A
l-
A
hm

ad
,M

.,

2
0
2
2
4
6

5
4
/F

C
hA

dO
x1

.
F
ir
st

1
7

N
M

N
M

1
0

N
M

N
M

N
M

P
SL

1
m
g/
kg

/d
ay
/

IV
IG

1
g/
kg

Y
es
/N

M
N
M

3
3
/F

C
hA

dO
x1

.
F
ir
st

2
1

N
M

N
M

3
N
M

N
M

N
M

P
SL

1
m
g/
kg

/d
ay
/

IV
IG

1
g/
kg

fo
r

2
d
ay
s/
T
P
O
-R
A

(R
o
m
ip
lo
st
im

)

Y
es
/N

M
N
M

5
6
/F

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
7

N
M

N
M

2
N
M

N
M

N
M

P
SL

1
m
g/
kg

/d
ay
/

IV
IG

1
g/
kg

fo
r

2
d
ay
s/
T
P
O
-R
A

(E
P
A
G
)

Y
es
/N

M
N
M

(C
o
nt
in
u
es
)

BIDARI ET AL. 5



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

B
at
te
ga
y,
R
.,

2
0
2
1
4
7

7
7
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

8
C
A
D
/A

F
/H

T
N
/C

K
D

W
et

pe
te
ch

ia
e

2
8

1
2
6

1
7

D
et
ec
ta
b
le

an
ti
-

SA
R
S-
C
o
V
2

sp
ik
e(
S1

)a
n
d

an
ti
-R
B
D

sp
ec
if
ic
Ig
M

an
d

Ig
G

A
n
ti
-S
1
-I
gG

se
ro
co

n
ve

rs
io
n

co
n
fi
rm

ed
in

th
e

E
LI
SA

as
sa
y
at

d
ay

2
5
af
te
r

va
cc
in
at
io
n

O
ra
la
n
ti
co

ag
u
la
n
t

w
it
h
d
ra
w
al
/

o
ra
lv

it
am

in
K
/P

SL

1
.2

m
g/
kg

/d
ay
/

IV
IG

0
.4
8
g/
kg

fo
r

2
d
ay
s/
T
P
O
-R
A

(E
P
A
G
)

Y
es
/N

M
N
M

N
ak
am

ur
a,
T
.,

2
0
2
2
4
8

3
2
/F

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
5

N
M

P
et
ec
hi
ae

an
d

pu
rp
ur
a
o
n
th
e

ex
tr
em

it
ie
s/

gi
ng

iv
al
an

d
o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

/w
et

pu
rp
ur
a

<
1

2
1
0

N
M

E
le
va
te
d
P
A
-I
gG

//

n
eg

at
iv
e
an

ti

P
F
4

P
SL

5
0
m
g/
d
ay

Y
es
/1

2
N
M

M
al
ay
al
a,
S.

V
.,

2
0
2
1
4
9

7
5
/F

B
N
T
1
6
B
2
b2

m
R
N
A

T
hi
rd
/

B
o
o
st
er

N
M

M
ix
ed

co
nn

ec
ti
ve

ti
ss
ue

di
se
as
e
(R
A

+
sc
le
ro
de

rm
a)
/H

T
N
/

o
st
eo

pe
ni
a

P
et
ec
hi
ae

1
3
.9

1
9
8

9
N
M

D
ex

am
et
h
as
o
n
e

4
0
m
g/
d
ay

Y
es
/N

M
N
M

N
ut
al
ap

at
i,
S.
,

2
0
2
1
1
8

2
5
/F

m
R
N
A
-1
2
7
3

Se
co

nd
2
6

w
el
l-
co

nt
ro
lle
d
br
o
nc

hi
al

as
th
m
a

G
en

er
al
iz
ed

sc
at
te
re
d

pe
te
ch

ia
e/

ex
te
ns
iv
e

br
ui
si
ng

/

in
te
rm

it
te
nt

ep
is
ta
xi
s/
gr
o
ss

he
m
at
ur
ia
/

he
m
at
o
ch

ez
ia
/

su
bc

o
nj
un

ct
iv
al

he
m
o
rr
ha

ge

1
N
L

1
N
M

D
ex

am
et
h
as
o
n
e

4
0
m
g/
d
ay
/I
V
IG

2
g/
kg

fo
r
2
d
ay
s/

tr
an

ex
am

ic
ac
id
/p
lt

tr
an

sf
u
si
o
n
s

M
yc
o
p
h
en

o
la
te

m
o
fe
ti
l1

g/
T
P
O
-

R
A
(R
o
m
ip
lo
st
im

)

Y
es
/1

4
1
4
0

C
o
o
pe

r,
K
.M

.,

2
0
2
1
5
0

2
4
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

1
0

D
ys
fu
nc

ti
o
na

lu
te
ri
ne

bl
ee

di
ng

se
co

nd
ar
y
to

E
to
no

ge
st
re
li
m
pl
an

t/
m
ild

-

co
nt
ro
lle
d
as
th
m
a/

pr
ev

io
us

al
le
rg
ic
re
ac
ti
o
n

to
va
cc
in
e

G
en

er
al
iz
ed

pe
te
ch

ia
e/

m
en

o
rr
ha

gi
a/

w
et

pe
te
ch

ia
e/

cu
ta
ne

o
us

an
d

m
uc

o
sa
l

bl
ee

di
ng

N
M

N
M

1
N
M

P
SL

0
.5
–2

.0
m
g/
kg

/

IV
IG

1
g/
kg

Y
es
/3

6
N
M

6 BIDARI ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

O
ga
i,
A
.,
2
0
2
2
5
1

7
3
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
1

H
T
N
/D

LP
G
en

er
al
iz
ed

pe
te
ch

ia
e/
o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

/m
el
en

a

2
2
3
0

<
1

N
M

P
SL

/I
V
IG
/T

P
O
-R
A

(E
P
A
G
)

Y
es
/N

M
N
M

H
id
ak
a,
D
.,

2
0
2
2
4
0

5
3
/F

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
3
5

B
ro
n
ch

ia
la
st
hm

a/
V
o
gt
–

K
o
ya
na

gi
–H

ar
ad

a
di
se
as
e/

H
as
hi
m
o
to

E
va
ns

sy
nd

ro
m
e/

m
ild

an
em

ia
/

ic
te
ri
c
sk
in

an
d

bu
lb
ar

co
nj
un

ct
iv
a/

pa
llo

r
o
f

pa
lp
eb

ra
l

co
nj
un

ct
iv
a/

w
he

ez
in
g/

ge
ne

ra
liz
ed

pe
te
ch

ia
e/
o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

3
.9

N
L

3
0

P
o
si
ti
ve

lu
p
u
s

co
ag
u
la
n
t/

p
o
si
ti
ve

A
N
A

w
it
h
sp
ec
kl
ed

an
d
n
u
cl
eo

la
r

p
at
te
rn
/p
o
si
ti
ve

d
ir
ec
t
an

d

in
d
ir
ec
t
co

o
m
b
s

te
st
s/
lo
w

le
ve

l

o
f
co

ld

ag
gl
u
ti
n
in

P
SL

1
m
g/
kg

Y
es
/N

M
N
M

G
ar
de

lli
ni
,A

.,

2
0
2
1
5
2

2
7
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

1
0

N
M

H
em

at
o
m
a/

ep
is
ta
xi
s

1
N
M

N
M

N
M

P
SL

/I
V
IG

d
ex

am
et
h
as
o
n
e

N
M
/N

M
N
M

6
3
/M

C
hA

dO
x1

.
F
ir
st

1
4

D
M
/H

T
N

H
em

at
o
m
a/

ep
is
ta
xi
s

2
N
M

N
M

N
M

P
SL

Y
es
/N

M
N
M

Ja
sa
ra
j,
R
.B

.,

2
0
2
1
4
1

6
7
/F

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
2

H
T
N
/D

2
M
/H

yp
o
th
yr
o
id
is
m
/

de
pr
es
si
o
n/
vi
ta
m
in

B
1
2

de
fi
ci
en

cy
/c
lu
st
er

he
ad

ac
he

s

G
en

er
al
iz
ed

pe
te
ch

ia
e/
o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

/

ep
is
ta
xi
s/

su
bc

o
nj
un

ct
iv
al

he
m
o
rr
ha

ge

3
N
L

N
M

N
M

P
SL

/I
V
IG
/P

lt

tr
an

sf
u
si
o
n
/

am
in
o
ca
p
ro
ic
ac
id
/

ri
tu
xi
m
ab

/T
P
O
-R
A

(E
P
A
G
)

Y
es
/1

4
d
ay
s

2
0
0

K
en

ne
y,
A
.,

2
0
2
1
5
3

6
9
/F

m
R
N
A
-1
2
7
3

F
ir
st

7
H
yp

o
th
yr
o
id
is
m
/p
ri
m
ar
y

hy
p
er
al
do

st
er
o
n
is
m
/

o
st
eo

po
ro
si
s/
m
ig
ra
in
e

he
ad

ac
he

G
en

er
al
iz
ed

pe
te
ch

ia
e/
m
in
o
r

br
ui
si
ng

/g
in
gi
va
l

m
uc

o
sa
l

bl
ee

di
ng

4
N
M

N
M

N
M

P
SL

/I
V
IG

Y
es
/3

d
ay
s

2
5
8

W
o
ng

,J
.S

.Y
.,

2
0
2
1
5
4

8
6
/M

C
hA

dO
x1

.
F
ir
st

2
N
M

G
in
gi
va
lm

uc
o
sa
l

bl
ee

di
ng

/w
et

pe
te
ch

ia
e/

w
id
es
pr
ea

d

ec
ch

ym
o
se
s

4
N
M

N
M

N
eg

at
iv
e
an

ti
P
F
4

D
ex

am
et
h
as
o
n
e/
IV
IG

/P
lt
tr
an

sf
u
si
o
n
/

ri
tu
xi
m
ab

Y
es
/1

0
d
ay
s

N
L

(C
o
nt
in
u
es
)

BIDARI ET AL. 7



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

3
8
/F

C
hA

dO
x1

.
F
ir
st

1
0

N
M

G
en

er
al
iz
ed

pe
te
ch

ia
e
an

d

pu
rp
ur
a/
o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

3
.2

N
M

N
M

N
eg

at
iv
e
an

ti
P
F
4

P
SL

/I
V
IG

N
o
/�

4
3
0

B
en

ne
tt
,C

.,

2
0
2
1
5
5

3
2
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
1

N
eg

at
iv
e

B
ru
is
in
g/
pe

te
ch

ia
e

1
2
6
8

N
M

N
M

P
SL

/I
V
IG
/

d
ex

am
et
h
as
o
n
e

Y
es
/3

d
ay
s

3
0
3

A
ki
ya
m
a,
H
.,

2
0
2
1
5
6

2
0
/F

B
N
T
1
6
B
2
b2

m
R
N
A

N
M

1
2

N
eg

at
iv
e

G
en

er
al
iz
ed

su
bc

ut
an

eo
us

he
m
o
rr
ha

ge
/o

ra
l

m
uc

o
sa
l

bl
ee

di
ng

1
6

N
L

N
M

N
M

P
SL

Y
es
/n
m

1
5
3
–

3
4
3

K
o
ch

,M
.,
2
0
2
1
5
7

4
1
/M

C
hA

dO
x1

.
F
ir
st

1
0

N
eg

at
iv
e

P
et
ec
hi
ae

/m
o
cu

sa
l

bl
ee

di
ng

<
1

1
8
9

N
M

N
eg

at
iv
e
an

ti
P
F
4

P
SL

/I
V
IG

Y
es
/4

d
ay
s

8
0

H
in
es
,A

.,
2
0
2
1
5
8

2
6
/F

m
R
N
A
-1
2
7
3

F
ir
st

7
Ir
re
gu

la
r
m
en

se
s
o
n
O
C
P

P
et
ec
hi
ae

/b
ru
is
in
g

1
9

N
M

N
M

N
M

P
SL

/I
V
IG
/

d
ex

am
et
h
as
o
n
e

Y
es
/5

d
ay
s

2
1
3

V
ai
ra
,L
.A

.,

2
0
2
2
5
9

8
1
/M

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
3

St
ag
e
III

C
K
D
/h
yp

er
ch

o
le
st
er
o
le
m
ia

C
o
pi
o
us

bl
ee

di
ng

th
ro
ug

h
th
e

su
rg
ic
al
w
o
un

d/

m
as
si
ve

he
m
at
o
m
a/

ec
ch

ym
o
si
s
o
f

th
e
ri
gh

t
ch

ee
k

4
1
5
6

N
M

N
eg

at
iv
e
an

ti
P
F
4

M
et
h
yl
p
re
d
n
is
o
lo
n
e/

P
lt
tr
an

sf
u
si
o
n

Y
es
/7

d
ay
s

1
8
8

P
au

ls
en

,F
.O

.,

2
0
2
1
6
0

7
2
/M

C
hA

dO
x1

.
F
ir
st

1
1

A
ut
o
im

m
un

e
th
yr
o
id
it
is

P
et
ec
hi
ae

/

ep
is
ta
xi
s/

he
ad

ac
he

N
M

N
M

<
5

N
eg

at
iv
e
an

ti
P
F
4

G
lu
co

co
rt
ic
o
id
/I
V
IG

Y
es
/n
m

2
5
3

7
1
/F

C
hA

dO
x1

.
F
ir
st

1
1

La
te
n
t
hy

pe
rt
hy

ro
id
is
m
/

no
du

la
r
go

it
er
/b
re
as
t

ca
nc

er
/s
tr
o
ke

P
et
ec
hi
ae

/

hy
po

sp
ha

gm
a

N
M

N
M

<
5

N
eg

at
iv
e
an

ti
P
F
4

G
lu
co

co
rt
ic
o
id
/I
V
IG

/

T
P
O
-R
A

Y
es
/n
m

7
1

6
6
/M

C
hA

dO
x1

.
F
ir
st

2
H
T
N
/m

ild
th
ro
m
bo

cy
to
pe

n
ia

P
et
ec
hi
ae

N
M

N
M

<
5

N
eg

at
iv
e
an

ti
P
F
4

C
o
rt
ic
o
st
er
o
id

Y
es
/4

8
9

6
4
/F

C
hA

dO
x1

.
F
ir
st

1
5

H
T
N
/C

O
P
D
/s
te
at
o
si
s

he
pa

ti
ti
s

N
o
ne

N
M

N
M

6
N
eg

at
iv
e
an

ti
P
F
4

C
o
rt
ic
o
st
er
o
id

Y
es
/6

1
2
1

K
in
g,
E
.R

.,
2
0
2
1
6
1

3
9
/F

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
3

P
C
O
S

P
et
ec
hi
ae

1
N
L

N
M

N
M

P
lt
tr
an

sf
u
si
o
n
/I
V
IG

Y
es
/3

2
4
3

Sh
ah

,S
.R

.A
.,

2
0
2
1
6
2

5
3
/M

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
8

C
ro
hn

's
di
se
as
e

E
pi
so
de

s
o
f
hi
gh

-

gr
ad

e
fe
ve

r/

di
ff
us
e
m
ya
lg
ia
/

ge
ne

ra
liz
ed

pe
te
ch

ia
e

2
2
5
4

N
M

N
M

IV
IG
/D

ex
am

et
h
as
o
n
e

Y
es
/4

N
M

8 BIDARI ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

Id
o
gu

n,
P
.O

.,

2
0
2
1
3
9

5
4
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

7
C
o
ng

en
it
al
ep

id
er
m
al

dy
sp
la
si
a/
an

xi
et
y/
C
K
D
/

H
T
N
/m

ild
co

gn
it
iv
e

im
pa

ir
m
en

t

R
as
h

N
M

N
M

N
M

N
M

N
o
re
fe
rr
al
to

p
h
ys
ic
ia
n

N
o
/N

M
N
M

5
4
/F

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
5

C
o
ng

en
it
al
ep

id
er
m
al

d
ys
pl
as
ia
/A

nx
ie
ty
/C

K
D
/

H
T
N
/M

ild
co

gn
it
iv
e

im
pa

ir
m
en

t

E
cc
hy

m
o
si
s/

pe
te
ch

ia
e/
o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

<
1

N
M

<
1

N
M

D
ex

am
et
h
as
o
n
e

IV
IG

P
lt
tr
an

sf
u
si
o
n

Y
es
/1

4
1
1
4

F
ue

yo
-R
o
dr
ig
ue

z,

O
.,
2
0
2
1
6
3

4
1
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

1
M
ul
ti
pl
e
al
le
rg
ie
s/

hy
p
o
th
yr
o
id
is
m

P
et
ec
hi
ae

/g
in
gi
va
l

m
uc

o
sa
l

bl
ee

di
ng

/f
ev

er
/

ta
ch

yc
ar
di
a/

na
us
ea

/m
al
ai
se
/

he
ad

ac
he

/l
o
o
se

st
o
o
l

6
5

N
L

3
8

E
le
va
te
d
an

ti
-

d
sD

N
A

D
ex

am
et
h
as
o
n
e

M
et
h
yl

p
re
d
n
is
o
lo
n
e

IV
IG

Y
es
/5

6
2
9

Ju
lia
n,

J.
A
.,

2
0
2
1
6
4

7
2
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
G
o
ut
/D

2
M
/s
ea

so
n
al
co

nt
ac
t

de
rm

at
it
is

P
et
ec
hi
ae

/o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

/

m
el
en

a/

he
ad

ac
he

1
2

N
M

1
P
o
si
ti
ve

p
ar
vo

vi
ru
s

Ig
G

M
et
h
yl
p
re
d
n
is
o
lo
n
e/

IV
IG
/a
m
in
o
ca
p
ro
ic

ac
id
/r
it
u
xi
m
ab

/P
lt

tr
an

sf
u
si
o
n

Y
es
/N

M
N
M

W
el
sh
,K

.J
.,

2
0
2
1
7

5
6
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

2
N
eg

at
iv
e

P
et
ec
hi
ae

/

pu
rp
ur
a/
gi
ng

iv
al

m
uc

o
sa
l

bl
ee

di
ng

/s
cl
er
al

he
m
o
rr
ha

ge
/I
C
H

<
1

N
M

N
M

N
M

P
SL

/p
la
te
le
t
an

d
R
B
C

tr
an

sf
u
si
o
n
/T

P
O
-

R
A
(E
P
A
G
)/

d
ex

am
et
h
as
o
n
e/

cy
cl
o
sp
o
ri
n
e/

ri
tu
xi
m
ab

/I
V
IG
/

em
er
ge

n
t

cr
an

io
to
m
y/

sp
le
n
ec
to
m
y

N
M
/N

M
N
M

2
2
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

3
N
eg

at
iv
e

P
et
ec
hi
ae

/

E
pi
st
ax
is
/

gi
ng

iv
al
m
uc

o
sa
l

bl
ee

di
ng

/s
cl
er
al

he
m
o
rr
ha

ge
/

he
m
at
ur
ia

2
N
M

N
M

N
M

D
ex

am
et
h
as
o
n
e/
P
lt

tr
an

sf
u
si
o
n
/I
V
IG

Y
es
/N

M
N
M

8
2
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

N
M

N
M

P
ul
m
o
na

ry

em
bo

lis
m
/

dy
sp
ne

a/
M
I

3
N
M

N
M

N
M

N
M

N
M
/N

M
N
M

5
9
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

N
M

N
eg

at
iv
e

N
o
ne

3
N
M

N
M

N
M

N
M

N
M
/N

M
N
M

(C
o
nt
in
u
es
)

BIDARI ET AL. 9



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

3
9
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

2
D
ep

re
ss
io
n/
P
C
O
S

P
et
ec
hi
ae

/

m
en

o
rr
ha

gi
a

1
N
M

N
M

N
M

P
SL

/I
V
IG
/P

lt

tr
an

sf
u
si
o
n
/

m
et
h
yl
p
re
d
n
is
o
lo
n
e

Y
es
/N

M
N
M

8
0
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

6
H
T
N
/D

M
/D

LP
/a
o
rt
ic

st
en

o
si
s/
di
ve

rt
ic
u
lo
si
s

G
Ib

le
ed

in
g

1
N
M

N
M

N
M

R
B
C
an

d
p
la
te
le
t

tr
an

sf
u
si
o
n

N
M
/N

M
N
M

7
8
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

6
A
F
/e
ss
en

ti
al
tr
em

o
r

P
et
ec
hi
ae

6
N
M

N
M

N
M

D
ex

am
et
h
as
o
n
e/

IV
IG
/P

lt

tr
an

sf
u
si
o
n

Y
es
/N

M
N
M

5
5
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

4
H
T
N
/D

M
/a
rt
hr
it
is

P
et
ec
hi
ae

/g
in
gi
va
l

m
uc

o
sa
l

bl
ee

di
ng

2
N
M

N
M

N
M

D
ex

am
et
h
as
o
n
e/

IV
IG
/P

lt

tr
an

sf
u
si
o
n

Y
es
/N

M
N
M

4
3
/F

m
R
N
A
-1
2
7
3

F
ir
st

8
G
E
R
D

P
et
ec
hi
ae

/b
ru
is
in
g

2
N
M

N
M

N
M

P
SL

/I
V
IG

Y
es
/N

M
N
M

3
7
/M

m
R
N
A
-1
2
7
3

F
ir
st

N
M

N
M

N
M

N
M

N
M

N
M

N
M

P
lt
tr
an

sf
u
si
o
n

N
M
/N

M
N
M

4
9
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
M
ig
ra
in
e/
ps
o
ri
as
is

P
et
ec
hi
ae

/

sh
o
rt
ne

ss
o
f

br
ea

th

6
6

N
M

N
M

N
M

N
M

N
M
/N

M
N
M

C
an

de
lli
,M

.,

2
0
2
1
6
5

2
8
/M

C
hA

dO
x1

.
F
ir
st

2
0

N
eg

at
iv
e

O
ra
lm

uc
o
sa
l

bl
ee

di
ng

/

pe
te
ch

ia
e/

pu
rp
ur
a/
fa
ti
gu

e/

fe
ve

r/
he

ad
ac
he

/

tr
ac
e
he

m
at
ur
ia

4
N
M

2
P
o
si
ti
ve

lu
p
u
s
an

ti
-

co
ag
u
la
n
t

D
ex

am
et
h
as
o
n
e

Y
es
/4

1
8
0

H
el
m
s,
J.
M
.,

2
0
2
1
6
6

7
4
/M

m
R
N
A
-1
2
7
3

F
ir
st

1
H
T
N
/g
o
ut
/D

LP
/N

o
n
-

is
ch

em
ic
ca
rd
io
m
yo

pa
th
y

E
pi
st
ax
is
/p
ur
pu

ra
/

ca
rd
io
m
yo

pa
th
y/

ur
in
ar
y

re
te
nt
io
n/

co
ns
ti
pa

ti
o
n/

en
ce
ph

al
o
pa

th
y/

dy
sa
rt
hr
ia
/A

ID
P

1
0

2
2
4

N
M

N
M

D
ex

am
et
h
as
o
n
e/
P
SL

/P
lt
tr
an

sf
u
si
o
n
/I
V
IG

/r
it
u
xi
m
ab

/T
P
O
-R
A

(E
P
A
G
)

p
la
sm

a
ex

ch
an

ge
fo
r

A
ID

P

Y
es
/1

7
N
M

Le
e,

E
.J
.,
2
0
2
1
6
7

3
6
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

5
N
eg

at
iv
e

M
en

o
rr
ha

gi
a/
bl
o
o
d

bl
is
te
rs
/

pe
te
ch

ia
e/

ep
is
ta
xi
s/

w
ea

kn
es
s

9
N
M

N
M

N
M

N
M

Y
es
/n
m

N
M

2
5
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
0

A
nx

ie
ty

M
uc

o
sa
lb

le
ed

in
g/

br
ui
si
ng

3
N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s/
IV
IG

Y
es
/n
m

2
8
6

2
6
/F

m
R
N
A
-1
2
7
3

F
ir
st

2
N
eg

at
iv
e

B
ru
is
in
g

2
N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s/
IV
IG
/

P
lt
tr
an

sf
u
si
o
n

Y
es
/N

M
1
4
2

10 BIDARI ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

7
3
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

1
H
T
N
/D

LP
/D

M
/

hy
p
er
th
yr
o
id
is
m

B
ru
is
in
g/
pe

te
ch

ia
e

1
N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s/
IV
IG
/

P
lt
tr
an

sf
u
si
o
n

Y
es
/2

3
8

5
3
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

1
5

F
at
ty

liv
er

N
o
ne

1
0

N
M

N
M

N
M

P
lt
tr
an

sf
u
si
o
n
/I
V
IG

Y
es
/1

4
7

7
2
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
G
o
ut
/D

M
B
ru
is
in
g/

pe
te
ch

ia
e/
bl
o
o
d

bl
is
te
rs

1
N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s/
IV
IG
/

ri
tu
xi
m
ab

/

A
m
in
o
ca
p
ro
ic
ac
id

/v
in
cr
is
ti
n
e/
T
P
O
-R

A

(R
o
m
ip
lo
st
im

)

Y
es
/N

M
7
1

5
0
/F

m
R
N
A
-1
2
7
3

F
ir
st

2
3

H
T
N

P
et
ec
hi
ae

2
N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s

IV
IG

P
lt
tr
an

sf
u
si
o
n

Y
es
/N

M
2
0

3
6
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
6

In
he

ri
te
d
th
ro
m
bo

cy
to
pe

n
ia

H
ea

da
ch

e/

pe
te
ch

ia
e/

br
ui
si
ng

/o
ra
l

ec
ch

ym
o
si
s

3
N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s

IV
IG

Y
es
/N

M
2
8

N
M
/

N
M

m
R
N
A
-1
2
7
3

F
ir
st

1
N
M

H
ea

da
ch

e/
bl
o
o
d

bl
is
te
rs

2
9

N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s

Y
es
/N

M
4
5

4
1
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

3
N
eu

ro
pa

th
y

C
he

st
pa

in
/r
as
h

1
1

N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s

IV
IG

Y
es
/2

1
0
4

4
8
/F

m
R
N
A
-1
2
7
3

F
ir
st

1
3

H
T
N
/O

be
si
ty

H
ea

vy
va
gi
na

l

bl
ee

di
ng

1
N
L

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s

IV
IG

P
lt
tr
an

sf
u
si
o
n

Y
es
/N

M
3
0
0

3
8
/F

m
R
N
A
-1
2
7
3

Se
co

nd
2

N
M

H
ea

da
ch

e/

m
ya
lg
ia
/

pe
te
ch

ia
e

1
N
M

N
M

P
o
si
ti
ve

an
ti
p
la
te
le
t

an
ti
b
o
d
y

C
o
rt
ic
o
st
er
o
id
s

/I
V
IG

Y
es
/N

M
6
0

5
3
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

7
C
ro
h
n'
s
di
se
as
e/
H
T
N
/G

E
R
D
/

p
re
di
ab

et
ic
st
ag
e

P
et
ec
hi
ae

/o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

2
N
M

N
M

N
M

C
o
rt
ic
o
st
er
o
id
s

/I
V
IG

Y
es
/N

M
6
5

6
3
/M

m
R
N
A
-1
2
7
3

F
ir
st

1
1

D
M
/H

T
N
/D

LP
N
M

1
N
M

N
M

N
M

H
av
e
n
o
t
re
sp
o
n
d
ed

to
ty
p
ic
al
IT
P

th
er
ap

ie
s

Y
es
/N

M
4

3
6
/M

m
R
N
A
-1
2
7
3

F
ir
st

1
5

E
pi
le
ps
y

N
M

1
N
M

N
M

N
M

N
M

Y
es
/N

M
N
M

3
9
/F

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

1
2

N
M

IC
H

3
6

N
M

N
M

N
M

P
lt
tr
an

sf
u
si
o
n

Y
es
/N

M
N
M

(C
o
nt
in
u
es
)

BIDARI ET AL. 11



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

T
ar
aw

ne
h,

O
.,

2
0
2
1
6
8

2
2
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

3
N
eg

at
iv
e

P
et
ec
hi
ae

/g
in
gi
va
l

m
uc

o
sa
l

bl
ee

di
ng

2
1
4
5

N
M

E
le
va
te
d
Sj
o
gr
en

's

sy
n
d
ro
m
e

an
ti
b
o
d
y/

po
si
ti
ve

fo
r
G
P

IIb
/I
IIa

an
d
Ia
/I
Ia

p
la
te
le
t

au
to
an

ti
b
o
d
ie
s/

lo
w

C
4

D
ex

am
et
h
as
o
n
e/
IV
IG

/P
lt
tr
an

sf
u
si
o
n

Y
es
/6

1
7
3

P
as
in
,F

.,
2
0
2
2
6
9

8
4
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

3
E
ss
en

ti
al
tr
em

o
r/
lo
ca
liz
ed

bl
ad

de
r
ca
nc

er
/m

ild

C
K
D
/p
ar
o
xy
sm

al
A
F

P
et
ec
hi
ae

/b
ru
is
in
g

3
2
2
0

N
M

N
eg

at
iv
e
an

ti

P
F
4
/p
o
si
ti
ve

an
ti
G
P
IIb

/I
IIa

A
p
ix
ab

an

D
is
co

n
ti
n
u
ed

/P
SL

/I
V
IG

P
lt
tr
an

sf
u
si
o
n

Y
es
/N

M
6
3

Li
ao

,P
.W

.,

2
0
2
1
7
0

7
9
/M

C
hA

dO
x1

.
F
ir
st

7
Is
ch

em
ic
st
ro
ke

(2
ye

ar
s

be
dr
id
de

n)

N
o
ne

2
N
L

2
N
eg

at
iv
e
an

ti
P
F
4

H
yd

ro
co

rt
is
o
n
e
IV

3
0
0
m
g/
d
ay

th
en

o
ra
lP

SL

Y
es
/1

2
1
1
4

A
l-
Sa

m
ka
ri
,H

.,

2
0
2
1
7
1

7
1
/F

A
d2

6
.C
O
V
2
.

S

F
ir
st

3
5

P
o
ly
m
ya
lg
ia
rh
eu

m
at
ic
a

N
o
ne

1
1
5

4
2
9

5
9

N
eg

at
iv
e
an

ti

P
F
4
/p
o
si
ti
ve

fo
r

al
l:
an

ti
–G

P
IIb

/

III
a

an
ti
–G

P
Ib
/I
X

an
ti
–G

P
Ia
/I
Ia

N
o
tr
ea

tm
en

t
N
M
/�

2
4
8

K
ra
je
w
sk
i,
P
.

K
.2
0
2
1
7
2

7
4
/M

B
N
T
1
6
B
2
b2

m
R
N
A

F
ir
st

1
H
T
N

O
ra
la
nd

na
sa
l

m
uc

o
sa
l

bl
ee

di
ng

/

pu
rp
ur
ao

n
th
e

ex
tr
em

it
ie
s/

ec
ch

ym
o
si
s
at

in
je
ct
io
n
si
te

2
N
M

N
M

N
M

D
ex

am
et
h
as
o
n
e/

P
lt
tr
an

sf
u
si
o
n

Y
es
/N

M
N
M

B
an

er
je
e,

S.
,

2
0
2
1
7
3

6
3
/F

A
d2

6
.C
O
V
2
.

S

F
ir
st

1
4

C
er
vi
ca
lC

an
ce
r/
to
ta
l

hy
st
er
ec
to
m
y

G
in
gi
va
la
nd

na
sa
l

m
uc

o
sa
l

bl
ee

di
ng

2
N
M

N
M

N
M

P
lt
tr
an

sf
u
si
o
n
/

P
SL

6
0
m
g/

/D
ex

am
et
h
as
o
n
e

/I
V
IG

Y
es
/5

2
5
2

C
o
nd

o
re
lli
,A

.,

2
0
2
1
7
4

5
2
/M

C
hA

dO
x1

.
F
ir
st

3
N
eg

at
iv
e

O
ra
lm

uc
o
sa
l

bl
ee

di
ng

/d
if
fu
se

cu
ta
ne

o
us

pu
rp
ur
a

1
N
M

N
M

A
n
ti
-p
la
te
le
t
A
b
s:
-

P
SL

Y
es
/7

1
6
8

2
4
/M

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
4

C
H
D
/h
ea

rt
tr
an

sp
la
nt
/

H
o
dg

ki
n
ly
m
ph

o
m
a

(c
o
m
pl
et
e
re
m
is
si
o
n)

N
o
ne

1
5

1
5
0

N
M

N
M

P
SL

1
m
g/
kg

/d
ay

Y
es
/3

0
1
0
2

12 BIDARI ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

A
ut
ho

r,
ye

ar

A
ge

/

ge
nd

er
V
ac
ci
ne

D
o
se

R
E
A
C
.

O
N
SE

T

(d
ay

s)
P
M
H
/H

em
at
o
lo
gi
c
P
M
H

C
lin

ic
al

fe
at
ur
es

P
lt
o
n

ad
m
is
si
o
n

(�
1
0
9
/L
)

P
lt
pr
io
r
to

va
cc
in
at
io
n

(�
1
0
9
/L
)

P
lt

na
di
r

(�
1
0
9
/

L)
A
n
ti
b
o
d
y
p
ro
fi
le

T
re
at
m
en

t

H
o
sp
it
al

ad
m
is
si
o
n
/

h
o
sp
it
al

st
ay

(d
ay

s)

F
o
llo

w
-

u
p
P
lt

(�
1
0
9
/

L)

7
3
/M

B
N
T
1
6
B
2
b2

m
R
N
A

Se
co

nd
2

H
T
N
/D

M
/D

LP
/C

A
B
G
/I
D
A

P
et
ec
hi
ae

/o
ra
l

m
uc

o
sa
l

bl
ee

di
ng

/d
if
fu
se

ec
ch

ym
o
si
s

2
2
5
6

N
M

A
n
ti
-p
la
te
le
t
A
b
s:
-

M
et
h
yl
p
re
d
n
is
o
lo
n
e/

IV
IG

0
.4

g/
kg

/

P
SL

1
m
g/
kg

/d
ay

Y
es
/5

1
4
0

B
ay
as
,A

.,
2
0
2
1
7
5

5
5
/F

C
hA

dO
x1

.
F
ir
st

1
0

N
eg

at
iv
e

N
o
ne

3
0

N
M

N
M

N
eg

at
iv
e
an

ti

P
F
4
/e
le
va
te
d

p
la
te
le
ts

an
ti
b
o
d
ie
s-
Ig
G
/

po
si
ti
ve

P
SI
F
T
an

d

M
A
IP
A

D
ex

am
et
h
as
o
n
e
IV

4
0
m
g

Y
es
/2

6
N
M

K
im

,G
.,
2
0
2
1
7
6

6
6
/F

C
hA

dO
x1

.
F
ir
st

2
P
ul
m
o
na

ry
T
B

B
ru
is
in
g
o
n
th
e

ex
tr
em

it
ie
s/

gi
ng

iv
al
m
uc

o
sa
l

bl
ee

di
ng

4
2
1
3

N
M

N
eg

at
iv
e
an

ti
P
F
4

D
ex

am
et
h
as
o
n
e

4
0
m
g/
IV
IG

1
g/
kg

fo
r
2
d
ay
s

Y
es
/6

1
0
0

A
bb

re
vi
at
io
ns
:A

F
,a
tr
ia
lf
ib
ri
lla
ti
o
n;

A
ID

P
,i
nf
la
m
m
at
o
ry

de
m
ye

lin
at
in
g
po

ly
ne

ur
o
pa

th
y;

A
nt
iP

F
-4
,a
nt
i-
pl
at
el
et

fa
ct
o
r
4
;C

A
B
G
,c
o
ro
na

ry
ar
te
ry

by
pa

ss
gr
af
t;
C
A
D
,c
o
ro
n
ar
y
ar
te
ry

d
is
ea

se
;C

K
D
,c
h
ro
n
ic
ki
d
n
ey

d
is
ea

se
;D

LP
,

dy
sl
ip
id
em

ia
;D

M
,d

ia
be

te
s
m
el
lit
us
;E

P
A
G
,e

lt
ro
m
bo

pa
g;

G
E
R
D
,g
as
tr
o
es
o
ph

ag
ea

lr
ef
lu
x
di
se
as
e;

H
T
N
,h

yp
er
te
ns
io
n;

ID
A
,i
ro
n
de

fi
ci
en

cy
an

em
ia
;I
V
IG
,i
nt
ra
ve

n
o
u
s
im

m
u
n
e
gl
o
b
u
lin

;M
A
IP
A
,m

o
n
o
cl
o
n
al
an

ti
b
o
d
y-
sp
ec

if
ic

im
m
o
bi
liz
at
io
n
o
f
pl
at
el
et

an
ti
ge

n;
M
G
U
S,

m
o
no

cl
o
na

lg
am

m
o
pa

th
y
o
f
un

de
te
rm

in
ed

si
gn

if
ic
an

ce
;N

L,
w
it
hi
n
no

rm
al
ra
ng

e;
N
M
,n

o
t
m
en

ti
o
ne

d;
O
C
P
,o

ra
lc
o
n
tr
ac
ep

ti
ve

p
ill
s;
P
lt
,p

la
te
le
ts
;P

C
O
S,

p
o
ly

cy
st
ic
o
va
ry

sy
n
d
ro
m
e;

P
SL

,p
re
dn

is
o
lo
ne

;P
SI
F
T
,p

la
te
le
t
su
sp
en

si
o
n
im

m
un

o
fl
uo

re
sc
en

ce
te
st
;R

A
,r
he

um
at
o
id

ar
th
ri
ti
s;
T
P
O
-R
A
,t
hr
o
m
bo

po
ie
ti
n
re
ce
pt
o
r
ag
o
ni
st
.

BIDARI ET AL. 13



Patients underwent various tests based on managing physicians'

discretion. In 36 patients (46.7%), antiplatelet antibodies were evalu-

ated. Anti-platelet factor-4 antibody was negative in all 16 tested

patients (20.7%). Anti-Glycoprotein IIb/IIIa was assessed in 19 patients

(24.6%), it was negative in 16 patients (20.8%) and positive in three

(3.9%). In four patients (5.1%), non-specific antibodies against plate-

lets were detected.

Data for the peripheral blood smear (PBS) was available in

21 patients (27.2%); 20 patients had no morphologic changes in

leukocytes and red blood cells. In one patient's PBS, rare

schistocytes were seen, but other evidence was against the diag-

nosis of thrombotic thrombocytopenic purpura (TTP). Bone mar-

row aspiration was performed in 15 patients (19.5%), which

showed megakaryocyte proliferation in nine patients (11.7%), and

TABLE 2 Summary of patients' demographics

Variable Count (% of total)/median (interquartile range)

Age 54 (36–72) years

Gender Female 46 (59.7%)

Male 29 (37.7%)

Not mentioned 2 (2.6%)

Vaccine type Ad26.COV2.S 2 (2.6%)

BNT16B2b2 mRNA 35 (45.5%)

ChAdOx1. 17 (22.1%)

mRNA-1273 23 (29.9%)

Vaccine dose First 61 (79.2%)

Second 14 (18.2%)

Third/booster dose 1 (1.3%)

Not mentioned 1 (1.3%)

Positive history of autoimmune disease 8 (10.4%)

ITP disease presentation Skin manifestation 8 (10.4%)

Mucosal manifestation 32 (41.6%)

Internal organs manifestation 17 (22.1%)

Onset of ITP symptoms from vaccination day 7 (3–12) days

Platelets prior to vaccination 220 (172.5–255) � 109/L

Platelets on admission 3 (2–10) � 109/L

Platelets' nadir 4.5 (1.25–26.75) � 109/L

ITP related antibodies Negative anti-platelet factor 4 16 (20.8%)

Positive anti-platelet factor 4 0 (0%)

Positive anti-glycoprotein IIb/IIIa 16 (20.8%)

Negative anti-glycoprotein IIb/IIIa 16 (20.8%)

Positive non-specific antibodies against platelets 4 (5.1%)

Management settings of patients Outpatients 2 (2.5%)

Inpatients 67 (87%)

Not Mentioned 8 (10.5%)

Hospital stay of admitted patients 6 (4–13) days

Treatment Glucocorticoids in total 62 (80.5%)

Prednisolone or methylprednisolone 34 (44.2%)

Dexamethasone 19 (24.7%)

Intravenous immunoglobulin 47 (61%)

Thrombopoietin receptor agonists in total 12 (15.6%)

Eltrombopag 8 (10.4%)

Romiplostim 3 (3.9%)

Platelet transfusion 30 (39.0%)

Follow-up platelets 140 (71–248) � 109/L
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histopathologic findings in other reports were otherwise

negligible.

3.5 | Treatment and clinical outcomes

Management settings of 69 patients were procurable; of them, only

two (2.5%) were managed ambulatory. For 67 patients (87%) who

were hospitalized, the median length of hospital stay was 6 days (IQR

4–13 days).

Glucocorticoids, alone or in combination, were used in 62 (80.5%)

patients. The most frequent corticosteroid choices were prednisolone

or methylprednisolone in 34 (44.2%) and dexamethasone in

19 (24.7%) patients. The next frequent medication was intravenous

immunoglobulin (IVIg), used in 47 (61%) patients. Thrombopoietin

receptor agonists (TPO-RA) were administered in 12 (15.6%) cases,

with eltrombopag accounting for 8 (10.4%) and romiplostim account-

ing for 3 (3.9%) of circumstances. Six (7.8%) patients received rituxi-

mab as a rescue treatment, as they had not responded to a

combination of treatments at least including corticosteroids and IVIg.

Except for one, who had already sustained ICH and was pronounced

to death, others improved.

Medications were implemented apart or in various combinations.

Thirteen (16.9%) patients received corticosteroids alone, 19 (24.7%) in

combination with IVIg, 4 (5.2%) in combination with platelet transfu-

sion, and 14 (18.2%) in combination with both IVIg and platelet trans-

fusion. One patient (1.3%) was given corticosteroids jointly with

TPO-RA and platelet transfusion. Five patients (6.5%) received corti-

costeroids in combination with IVIg, TPO-RA, and platelet transfusion.

One patient (1.3%) was managed by IVIg alone, and four patients

(5.2%) underwent platelet transfusion as the only management modal-

ity. In two patients (2.6%), a combination of IVIg and platelet transfu-

sion was the basis of treatment.

In summary, corticosteroids and IVIg, alone or in combination,

were the most common treatment modalities. The various treatment

strategies were successful in most circumstances. Nevertheless, plate-

let counts dropped in two patients after discharge, necessitating re-

admission.

A follow-up platelet count was available in 39 patients, of whom

two achieved normal platelet counts. The included studies adopted

different targets of platelet count to define a treatment response.

Platelet counts of 30 � 109/L and 50 � 109/L were the most adopted

thresholds, and according to those definitions, 38 and 35 patients

responded to treatment, respectively.13,23

4 | DISCUSSION

There is another systematic review on the COVID-19 vaccine and its

association with ITP, which covers both de novo and relapsed ITP.

However, we assume induction of de novo ITP following COVID-19

vaccination differs in pathophysiology from relapsed ITP post-

COVID-19 vaccination, which primarily occurs due to another cause

than COVID-19 vaccination. Accordingly, this is the first study that

systematically reviews the medical literature for a specific focus on de

novo ITP following COVID-19 immunization.24 We observed that

COVID-19 vaccine-associated ITP was more frequent in the middle-

aged population and female gender. Most reported cases developed

ITP after the first dose of vaccination. Furthermore, the mRNA-based

and adenovirus vector-based COVID-19 vaccines were the most prev-

alent culprits in order of frequency.

Hemorrhagic mucocutaneous manifestations were the most com-

mon presentation, and thrombocytopenia was moderate to severe at

the outset in affected patients. The vast majority of patients were

managed in an in-patient setting and received various therapeutic reg-

imens that included either glucocorticoids, IVIg, or both. Therapeutic

goals were accomplished in most patients who had available follow-

up data.

4.1 | COVID-19 vaccine-associated ITP
pathophysiology

Scant data elaborates on immunopathogenic mechanisms of vaccine-

induced thrombocytopenia.

Before introducing the COVID-19 vaccine, ITP had been known

as a rare consequence of various vaccinations. There are reports of

vaccine-associated ITP for live measles–mumps–rubella (MMR), vari-

cella, inactivated hepatitis B, diphtheria-tetanus–acellular pertussis

(DTaP), pneumococcus, hemophilus influenza B, varicella zoster virus

(VZV), human papillomavirus (HPV) and polio vaccines. Amongst them,

MMR is the most well-known vaccine that can induce ITP, and its

cause-effect relationship has been discussed elsewhere.25,26

The etiology of vaccine-associated ITP is perceived immune-

related as antibodies can be detected on platelets in roughly 80% of

cases following administration of non-COVID-19 vaccines.7,27 The

most accepted hypothesis for platelet autoantibody production after

vaccine inoculation is molecular mimicry and cross-reactions between

the vaccine antigens and the human molecules. That results in the

activation of autoreactive B or T lymphocytes, emergence of antipla-

telet antibodies, epitope spreading, polyclonal immune reaction, and

the ultimate expression of ITP.27,28 Our results demonstrated that

very few patients tested positive for ITP autoantibodies; we presume

this finding ascribes to the very low sensitivity of platelet autoanti-

body test in ITP patients, and only a few numbers of patients were

tested for specific ITP autoantibodies which were from various case

reports and probably diverse laboratories.29

In addition, COVID-19 infection-associated ITP is well-

known.30,31 Thus, it would not be surprising that ITP risk after

COVID-19 immunization increases through a similar mechanism as

microbial infections induce antiplatelet autoantibodies with the same

antigen utilized in COVID-19 vaccine production (e.g., Spike

protein).26

The presence of adjuvants in the COVID-19 vaccine could be

another trigger of immune cross-reactivity, termed autoimmune/

inflammatory syndrome induced by adjuvants; however, there is no
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investigation to prove this hypothesis in COVID-19 vaccines and ITP

has been linked to different COVID-19 vaccines.15,16,28

4.2 | COVID-19 vaccine-associated ITP versus
common forms of ITP (unrelated to the COVID-19
vaccines)

4.2.1 | Epidemiologic characteristics

ITP is defined as “Newly diagnosed” within 3 months from diagno-

sis32; given this definition, all of the patients retrieved in this study fell

in this duration, thereby we could consider COVID-19 vaccine-

associated ITP a sort of newly diagnosed ITP. Interestingly, the time

lag between vaccination and ITP presentation was relatively short,

and most cases presented within the first week of vaccination. In

comparison, this lag time is significantly longer for MMR vaccine-

related ITP, ranging from 11 to 38 days with a median of 25 days.33

We postulate two hypotheses to justify this observation: Firstly,

implicated COVID-19 vaccines that followed ITP in our study were

either mRNA or adenoviral based vector vaccines. Both vaccines

employ the recipient's cells to reproduce selected epitopes of the

COVID-19 spike protein. Thus the mechanisms of antigen production

in these novel vaccines are incredibly robust.34 Data supports that

COVID-19 vaccines with novel technology are very potent in inducing

favorable neutralizing antibodies against COVID-19. We hypothesize

that this may also contribute to an early surge of auto-reactive anti-

bodies against platelets, causing a shorter lag time for ITP presenta-

tion. On the other hand, MMR, an attenuated live virus vaccine,

induces a more smooth immune reaction and a later onset ITP. Fur-

thermore, our results showed that among COVID-19 vaccines, ITP lag

time was even shorter in mRNA than in adenovirus-based vaccines.

This observation is again in concert with the current understanding of

the potency order of available vaccine choices.34

Secondly, the typical recipient of the COVID-19 vaccine is much

older than the very young children who receive the MMR vaccine.

We postulate that previous exposure to coronaviruses in adults may

have already modulated their immune response to vaccination against

COVID-19.

The level of thrombocytopenia in COVID-19 vaccine-associated

ITP is similar to non-vaccine-associated ITP, and a platelet count

below 20 � 109/L was present in 60 (77%) cases. Indeed, in our study,

the median of the lowest (nadir) platelet number was 3 � 109/L. In

contrast, MMR vaccine-related ITP is associated with milder thrombo-

cytopenia, and a platelet count of more than 20 � 109/L is usual.27

The median age of our patients was 54. This figure may not nec-

essarily suggest a particular age susceptibility but may correlate with

age-related vaccination policies in the population. Notably, reports

show that ITP-associated with COVID-19 infection has a comparable

age distribution with the post-vaccinal type, and 70% of patients had

an age above 50.30,31

Finally, one of the most dreaded complications of ITP is ICH. Hato

et al. observed that in the setting of primary ITP, age above 60 and

platelet count below 10 � 109/L are two important risk factors for

ICH. Noteworthy, the same risk factors were present in our cases

who complicated with ICH.35

4.2.2 | Clinical presentation and disease course

Except for 10 patients who were asymptomatic at the time of

diagnosis, all other cases in our review presented with cutaneous,

mucosal, and internal bleeding. These manifestations are typical for

thrombocytopenic purpura and present in primary ITP, ITP second-

ary to COVID-19 infection, MMR vaccine-related ITP, drug-

induced ITP, and ITP after wild virus infections or helicobacter

pylori.

Most COVID-19 vaccine-associated ITP cases had a benign

course, and severe or life-threatening bleeding was rare. Only four

patients sustained ICH, all had received mRNA-based vaccines and

one led to a fatal outcome despite aggressive immunosuppressive

therapy and craniotomy. Like COVID-19 infection-induced ITP,

EVANS syndrome was also observed in one case.27,30,36,37

Regarding the constitutional symptoms, we noticed a higher prev-

alence of fever, headache and a lower occurrence of fatigue, com-

pared to primary ITP.36 Lastly, while no mortality has ever been

reported for MMR vaccine-associated ITP, we had a single case of

fatality in our data. Of notice, there are also rare reports of fatal out-

comes in patients diagnosed with ITP secondary to COVID-19

infection.15

4.2.3 | Therapeutic strategy and response

Our series showed that the general treatment pattern in COVID-19

vaccine-associated ITP was analogous to primary ITP. Most patients

were hospitalized and received systemic corticosteroids or IVIg, alone

or in combination. A minority underwent other treatments, including a

TPO-RA drug.

From the advent of TPO-RA drugs, a paradigm shift is proceeding

in the management of ITP, and the center of focus is moving from

immunosuppression to improving health-related quality of life in the

patients. Accordingly, these drugs are making their way into guidelines

on ITP management, especially for ITP duration of more than 3 months

or refractory cases. Moreover, there has been a recent trend of

employing that class of drugs in the acute management of ITP

patients, though still, it is an unapproved indication.13,15,23 Among our

series, 12 (15.6%) of COVID-19 vaccine-associated ITP patients

received either romiplostim or eltrombopag in combination with other

measures. Platelet transfusion, plasmapheresis, rituximab, and tra-

nexamic acid were reserved for rescue treatment or add-on therapy

for the most severe cases.

Except for one patient who died of complications of ICH, no

other mortality case has been found, and in most cases, the convales-

cent platelet count was available, which was in the acceptable range.

These findings are in line with the Perricone et al. study that claimed

most cases of vaccine-associated ITP are mild and treatment-

responsive.38
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Since we had excluded all cases of COVID-19 vaccine-associated

ITP if had any prior clinical episode of ITP, we cannot comment on the

risk of ITP relapse in case of repeat vaccination. Nevertheless, we

noticed three cases in our series who developed purpuric rash after

the first dose of the BNT16B2b2 mRNA vaccine, progressed to full-

blown thrombocytopenic syndrome following the second vaccine

dose. Therefore, despite the appearance of purpura earlier, ITP was

diagnosed after the second dose. That limited observation is not sur-

prising from the pathophysiological perspective and may suggest

against revaccination by the same brand if thrombocytopenia had

already developed after a prior vaccine dose.39–41

4.3 | Study limitations

There were some important limitations to this study. First, we only

retrieved articles published in the English language in full text. We

may have overlooked the inherent differences in population suscepti-

bilities and unequal availability of individual types of COVID-19 vac-

cines to nations based on local policies.

Second, we could only reach out to ITP cases secondary to four

COVID-19 vaccine brands. The lack of data regarding the other

brands may be related to under-reporting, the scale of vaccine admin-

istration, or their lower chance of inducing ITP.

Third, this was a systematic review based on published cases.

Since many patients with ITP can be asymptomatic, the true incidence

of significant thrombocytopenia after COVID-19 vaccination is

unknown. In our series, only 10 patients (13%) were asymptomatic at

the time of diagnosis, a figure that we believe is an underestimation.

Fourth, because the COVID-19 vaccination programs set a prior-

ity for the elderly population and patients with underlying comorbid-

ities, it is probable that our sample is not representative of the whole

population. This fact can affect the demographic aspects of our study.

For instance, the results may underestimate the susceptibility of the

young and shift the age of the population at risk to a higher range.

Finally, we made every effort to exclude articles with dubious

implications of COVID-19 vaccine-associated ITP. However, because

of inadequate data in some circumstances, we were not able to verify

the diagnosis independently in a few cases and therefore relied on the

authors' discrimination.

5 | CONCLUSION

In essence, our review provided a comprehensive, descriptive com-

pendium of the reported cases of COVID-19 vaccine-associated ITP

and highlighted the clinical features and real-world therapeutic inter-

ventions in this potentially life-threatening complication of

SARS-CoV-2 immunization. We found that clinical manifestations of

COVID-19 vaccine-associated ITP were very similar to primary ITP.

The disease usually responded to high-dose corticosteroids, IVIg, or

both, and fatal complications were rare.

Interestingly, we showed that the lag time for the ITP presenta-

tion after vaccination against COVID-19 is shorter than the gap

observed in ITP manifestation after routine vaccinations in childhood.

The more the COVID-19 vaccine is robust to induce antigenic chal-

lenge, the shorter the lag time would be. We also revealed that most

cases of post-vaccinal ITP were related to potent COVID-19 vaccine

brands, including BNT16B2b2 mRNA and mRNA-1273 vaccine. We

postulate that this observation might be related to the broad scale of

administration of those vaccines in developed countries where vac-

cine surveillance, case finding, and case reports are typically more reli-

able. Still, we could not exclude the notion that potent vaccines are

more prone to induce cross-immunity.

It merits consideration that further large-scale prospective studies

are required to establish the features and risk factors of COVID-19

vaccine-associated ITP. Furthermore, we need basic research to

explore the causality role of the COVID-19 vaccines in developing ITP

via investigating epitope similarities between platelets and vaccine-

driven antigens. The possible disparity between the brands of

COVID-19 vaccines to induce ITP needs further investigation and

may help manufacturing vaccines with less chance of induction of

autoimmunity.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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