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Allergic symptoms after messenger RNA (mRNA) coronavirus 
disease 2019 (COVID-19) vaccines occur in up to 2% of re-
cipients. Compared to nonallergic controls (n = 18), individ-
uals with immediate allergic reactions to mRNA COVID-19 
vaccines (n = 8) mounted lower immunoglobulin G1 (IgG1) to 
multiple antigenic targets in severe acute respiratory syndrome 
coronavirus 2 spike following vaccination, with significantly 
lower IgG1 to full-length spike (P = .04). Individuals with im-
mediate allergic reactions to mRNA COVID-19 vaccines bound 
Fcγ receptors similarly to nonallergic controls. Although there 
was a trend toward an overall reduction in opsonophagocytic 
function in individuals with immediate allergic reactions com-
pared to nonallergic controls, allergic patients produced func-
tional antibodies exhibiting a high ratio of opsonophagocytic 
function to IgG1 titer.
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There have been >555 million coronavirus disease 2019 
(COVID-19) vaccine doses administered in the United States 
to date, largely with the messenger RNA (mRNA) vaccines 
from Pfizer-BioNTech (BNT162b2, Comirnaty) or Moderna 

(mRNA-1273, Spikevax) [1]. Shortly after the initial vaccina-
tion rollout, reports of anaphylaxis and allergic reactions began 
[2]. Allergic reactions have now been reported in up to 2% of 
individuals after mRNA COVID-19 vaccination, with mRNA 
vaccine anaphylaxis incidence confirmed in 8 to 250 cases per 
million [3, 4].

Limited serologic studies in mRNA COVID-19 vaccine–al-
lergic individuals have assessed for antibodies to the vaccine or 
its excipients in order to begin to elucidate the mechanism(s) 
of these reactions [5]. However, with allergic symptoms after 
vaccination resulting in incomplete COVID-19 vaccination 
[6, 7], we sought to assess SARS-CoV-2 antibody quantities, 
Fcγ receptor (FcγR) binding, and antibody functions in indi-
viduals with mRNA vaccine allergic reactions.

MATERIALS AND METHODS

Study Design

Massachusetts General Hospital (MGH) Allergy/Immunology 
patients with history of recent (<2 months), immediate-onset 
(<6 hours) allergic reactions after mRNA COVID-19 vaccine 
from Pfizer-BioNTech or Moderna were prospectively identi-
fied, consented, and enrolled in this study by allergy specialists 
(M. C., T. M., A. B., K. G. B.). We matched mRNA vaccine–al-
lergic patients to nonallergic (ie, vaccine-tolerant) controls, en-
rolled through a separate MGH study [8], considering matching 
factors sex, age, vaccine manufacturer, vaccine dose, and time 
since vaccination. Study procedures were approved by the Mass 
General Brigham Human Research Committee.

Immunoglobulin G Subclass, Antibody Isotype Titer, and FcγR binding 
profiles

The relative titers of antigen-specific immunoglobulin G (IgG) 
subclasses, antibody isotypes, and FcγR binding in the human 
plasma samples were analyzed with a customized multiplexed 
Luminex assay, as previously described [9]. SARS-CoV-2 wild-
type spike (S; purchased from Lake Pharma), receptor-binding 
domain (RBD; provided by Aaron Schmidt at the Ragon 
Institute), and N-terminal domain (NTD; provided by Erica 
Saphire at the La Jolla Institute for Immunology) were covalently 
coupled to Luminex bead regions by N-hydroxysuccinimide 
(NHS) ester linkages using Sulfo-NHS and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (Thermo 
Scientific). The antigen-coupled beads were incubated with 
phosphate-buffered saline (PBS)–diluted human serum sam-
ples (1:500 for IgG1; 1:100 for IgG2, IgG3, IgG4, immuno-
globulin A [IgA], and immunoglobulin M [IgM]; 1:1000 for 
FcγR2A, -2B, -3A, and -3B readouts) for 2 hours at 37°C in 
duplicate. Antigen-bound antibodies of interest were detected 
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with R-phycoerythrin (PE; Agilent Technologies)–conjugated 
antibody for each subclass and isotype (IgG1, IgG2, IgG3, IgG4, 
IgA, and IgM; Southern Biotech). PE-streptavidin (Agilent 
Technologies) was conjugated to recombinant, biotinylated 
FcγRs (FcγR2A, FcγR2B, FcγR3A, and FcγR3B; Duke Protein 
Production Company). Each secondary antibody was in-
cubated with the immune complexes for 1 hour, 800  rpm, at 
room temperature. The beads were resuspended in QSol buffer 
(Sartorius) for flow cytometric acquisition (iQue, Sartorius) 
and analyzed with ForeCyt 8.1 software. Median fluorescence 
intensity of PE is reported for relative antigen-specific antibody 
subclass or isotype titers and FcγR binding.

Antibody-Dependent Neutrophil Phagocytosis

The antibody-dependent neutrophil phagocytosis (ADNP) 
activity assay using isolated primary human neutrophils was 
performed as described previously [10]. In brief, immune com-
plexes were formed by incubating biotinylated SARS-CoV-2 
wild-type S antigen (purchased from Lake Pharma) coupled to 
1.0 μm yellow-green, fluorescent neutravidin-labeled micro-
spheres (Thermo Fisher Scientific) with human serum, diluted 
1:50 in PBS, for 2 hours at 37ºC. White blood cells were iso-
lated from whole blood of 2 healthy donors, collected by the 
Ragon Institute, as experimental replicates. Red blood cells 
were lysed with ammonium-chloride-potassium lysis buffer 
(Thermo Fisher Scientific). White blood cells and neutrophils 
were isolated by centrifugation and diluted to 250 000 cells/
mL in R10 media (RPMI-1640, Sigma) supplemented with 
10% fetal bovine serum (FBS), 2  mM l-glutamine, 20  mM 
HEPES, and 100 U/mL penicillin/streptomycin. White blood 
cells were diluted in R10 (50 000 cells/well) and incubated with 
immune complexes for 1 hour at 37ºC. The cells were stained 
with CD66b-PacBlue (BioLegend) for 20 minutes, fixed with 
4% paraformaldehyde, washed with PBS, and then resuspended 
in PBS. Neutrophil phagocytosis of beads was assessed by flow 
cytometry (iQue, Sartorius). The reported phagocytic score 
(phagoscore), the product of the percentage of neutrophils that 
phagocytosed beads and the fluorescent signal of phagocytosed 
beads (geometric mean fluorescence intensity of bead-positive 
neutrophils), was calculated for each sample with ForeCyt 8.1 
software.

Antibody-Dependent Cellular Phagocytosis

Monocyte THP-1 cell line–mediated phagocytosis assay was 
performed as described previously [11]. In brief, immune com-
plexes were formed by incubating 1.0 μm yellow-green fluo-
rescent, neutravidin-labeled microspheres (Thermo Fisher 
Scientific) coupled biotinylated SARS-CoV-2 wild-type S an-
tigen (purchased from Lake Pharma) and human serum diluted 
1:100 in PBS for 2 hours at 37ºC in duplicate. THP-1 monocytes 
(ATCC TIB-202) were added to immune complexes at 250 000 
cells/well in R10 media (RPMI-1640, Sigma) supplemented 

with 10% FBS, 2 mM l-glutamine, 100 U/mL penicillin/strep-
tomycin, 20 mM HEPES, and 50 μM β-mercaptoethanol. Cells 
were incubated with immune complexes for 16 hours at 37ºC, 
5% carbon dioxide, fixed with 4% paraformaldehyde, and resus-
pended in PBS for flow cytometric acquisition (iQue, Sartorius). 
The phagoscore was calculated by dividing the product of per-
centage bead-positive cells and bead-positive median fluores-
cence intensity by 106 using ForeCyt 8.1 software.

Statistical Analysis

Data were analyzed with GraphPad Prism 9.2.0 software. 
Univariable comparisons between groups used nonparametric, 
2-sided Mann–Whitney test with P < .05 considered significant.

RESULTS

Allergic individuals were all female with mean age 40 years 
(standard deviation, 16 years); 6 (75%) had reactions to Pfizer-
BioNTech (BNT162b2) and 2 (25%) had reactions to Moderna 
(mRNA-1273) (Table 1). Patient 2 had prior SARS-CoV-2 
infection history. With the exception of patient 8 whose re-
action was after the second Pfizer-BioNTech dose, all allergy 
patients had first dose reactions. The mRNA vaccine–allergic 
patients had prominent allergy histories with 3 (38%) having a 
history of prior anaphylaxis. No allergic patients were on sys-
temic immunosuppressants. Vaccine reactions were treated 
with corticosteroids in 2 patients (25%; patient 4 and patient 
6). To better understand the antibody profiles in individuals 
with acute systemic allergic reactions to mRNA COVID-19 
vaccination, we compared SARS-CoV-2 S-directed antibody 
profiles of 8 mRNA vaccine–allergic individuals to 18 matched 
nonallergic controls. While matching characteristics were 
largely balanced between groups, mRNA vaccine–allergic in-
dividuals had more drug allergy and atopic disease history 
(Supplementary Table 1).

The mRNA vaccine–allergic individuals mounted signif-
icantly lower IgG1 titers against full-length SARS-CoV-2 S 
antigen (P = .04) with lower trends in IgG1 against the RBD 
and NTD subdomains following vaccination that did not 
reach statistical significance (Figure 1A). In contrast, sim-
ilar median IgG3 (Figure 1A), IgM, and IgA titers and me-
dian FcγR binding to SARS-CoV-2 spike were observed 
between the allergic and nonallergic groups (Supplementary 
Figure 1). There was a trend toward a reduced median phag-
ocytic function in SARS-CoV-2 S-directed THP-1 monocyte-
mediated cellular or neutrophil opsonophagocytic functions 
in the allergic group that did not reach statistical significance 
(Figure 1B). However, allergic individuals had higher median 
opsonophagocytic effector functions per IgG1 than nonal-
lergic controls (Figure 1C). This suggests that the S-specific 
antibodies produced by vaccine-allergic individuals are ca-
pable of inducing antibody-dependent cellular phagocytosis 

1232 • JID 2022:226 (1 October) • BRIEF REPORT

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac107#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac107#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac107#supplementary-data


Ta
bl

e 
1.

 
Cl

in
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 P
at

ie
nt

s 
W

ith
 A

lle
rg

ic
 R

ea
ct

io
ns

 A
fte

r M
es

se
ng

er
 R

N
A

 C
or

on
av

ir
us

 D
is

ea
se

 2
01

9 
Va

cc
in

at
io

n 
(N

 =
 8

)

C
ha

ra
ct

er
is

tic
 

Pa
tie

nt
 N

um
be

r

1 
2 

3 
4 

5 
6 

7 
8 

S
ex

Fe
m

al
e

Fe
m

al
e

Fe
m

al
e

Fe
m

al
e

Fe
m

al
e

Fe
m

al
e

Fe
m

al
e

Fe
m

al
e

A
ge

, y
47

30
72

38
27

23
46

38

SA
R

S
-C

oV
-2

 
in

fe
ct

io
n 

hi
st

or
y

N
o

Ye
s

N
o

N
o

N
o

N
o

N
o

N
o

A
lle

rg
ic

 
 hi

st
or

y
A

st
hm

a,
 fo

od
 a

lle
rg

y 
(s

he
llfi

sh
a , p

ea
ch

), 
en

vi
ro

nm
en

ta
l a

l-
le

rg
y 

(c
at

)

D
ru

g 
al

le
rg

y 
(p

en
ic

ill
in

)
D

ru
g 

al
le

rg
y 

(p
en

ic
ill

in
, 

su
lfo

na
m

id
e 

an
tib

io
tic

s)

D
ru

g 
al

le
rg

y 
(d

ox
yc

y-
cl

in
e)

Fo
od

 a
lle

rg
y 

(b
ee

f, 
go

at
, p

or
k)

, e
nv

i-
ro

nm
en

ta
l a

lle
rg

y 
(c

at
, d

us
t 

m
ite

)

A
lle

rg
ic

 a
st

hm
ab

A
lle

rg
ic

 r
hi

ni
tis

, 
dr

ug
 a

lle
rg

y 
(p

en
ic

ill
in

, 
su

lfo
na

m
id

e 
an

tib
io

tic
sa , 

az
ith

ro
m

yc
in

,
ce

ph
al

os
po

rin
s,

 
va

nc
om

yc
in

,
pr

ot
on

 p
um

p 
in

hi
bi

to
rs

,
ci

pr
ofl

ox
ac

in
,

cl
in

da
m

yc
in

,
va

cc
in

e 
al

le
rg

y 
(in

flu
en

za
),

ox
yc

od
on

e)

A
lle

rg
ic

 a
st

hm
ab , a

lle
rg

ic
 

rh
in

iti
s,

 fo
od

 a
lle

rg
y 

(a
pp

le
a , m

el
on

a ), 
dr

ug
 

al
le

rg
y 

(p
en

ic
ill

in
a )

m
R

N
A

  
va

cc
in

e
P

fiz
er

-B
io

N
Te

ch
M

od
er

na
P

fiz
er

-B
io

N
Te

ch
M

od
er

na
P

fiz
er

-B
io

N
Te

ch
P

fiz
er

-B
io

N
Te

ch
P

fiz
er

-B
io

N
Te

ch
P

fiz
er

-B
io

N
Te

ch

D
os

e 
nu

m
be

r
1

1
1

1
1

1
1

2

O
ns

et
 o

f 
re

ac
tio

n 
sy

m
pt

om
s,

 
m

in
ut

es

35
15

5
15

–2
0

36
0

30
30

60

Sy
m

pt
om

s 
an

d 
si

gn
s 

of
 r

ea
ct

io
n

D
iz

zi
ne

ss
,

na
us

ea
, w

he
ez

in
g,

 
fa

ci
al

 fl
us

hi
ng

, 
sw

el
lin

g,
 h

ea
da

ch
e

Sw
el

lin
g 

of
 t

on
gu

e,
 

flu
sh

in
g,

 t
ig

ht
ne

ss
 o

f 
th

e 
ar

m
, p

oo
r 

ra
ng

e 
of

 
m

ot
io

n 
in

 h
er

 h
ea

d

Fl
us

hi
ng

, f
ac

ia
l 

sw
el

lin
g,

  
hy

pe
rt

en
si

on

H
yp

er
te

ns
io

n,
 t

ac
h-

yc
ar

di
a,

 u
vu

la
r 

sw
el

lin
g,

 fa
ce

 
sw

el
lin

g,
 u

rt
ic

ar
ia

S
ho

rt
ne

ss
 o

f 
br

ea
th

, 
fa

tig
ue

, c
he

st
 t

ig
ht

-
ne

ss
, w

he
ez

in
g

C
ou

gh
, s

ho
rt

ne
ss

 
of

 b
re

at
h,

 s
tr

id
or

, 
ch

es
t 

pr
es

su
re

, 
tin

gl
in

g

Ti
ng

lin
g,

 u
rt

ic
ar

ia
Fl

us
hi

ng
, f

ac
e/

lip
/e

x-
tr

em
ity

 s
w

el
lin

g,
 u

rt
i-

ca
ria

, c
he

st
 t

ig
ht

ne
ss

R
ea

ct
io

n 
tr

ea
tm

en
t

A
lb

ut
er

ol
E

pi
ne

ph
rin

e
N

on
e

D
ip

he
nh

yd
ra

m
in

e,
pr

ed
ni

so
ne

, e
pi

ne
ph

-
rin

e

N
on

e
A

lb
ut

er
ol

, c
et

iri
zi

ne
, 

co
rt

ic
os

te
ro

id
s,

 
ep

in
ep

hr
in

e

D
ip

he
nh

yd
ra

m
in

e
D

ip
he

nh
yd

ra
m

in
e,

 
fa

m
ot

id
in

e

Ti
m

e 
to

 r
es

o-
lu

tio
n

1 
ho

ur
20

 m
in

ut
es

12
 h

ou
rs

12
 h

ou
rs

c
2 

da
ys

3–
5 

ho
ur

s
48

 h
ou

rs
5–

6 
ho

ur
s

A
na

ph
yl

ax
is

d
N

o
Ye

s
N

o
N

o
N

o
N

o
N

o
Ye

s

A
bb

re
vi

at
io

ns
: m

R
N

A
, m

es
se

ng
er

 R
N

A
; S

A
R

S
-C

oV
-2

, s
ev

er
e 

ac
ut

e 
re

sp
ira

to
ry

 s
yn

dr
om

e 
co

ro
na

vi
ru

s 
2.

 
a H

is
to

ry
 o

f 
an

ap
hy

la
xi

s.
 

b Pr
es

cr
ib

ed
 in

ha
le

d 
co

rt
ic

os
te

ro
id

s.
 

c H
yp

er
te

ns
io

n 
pe

rs
is

te
d 

fo
r 

ap
pr

ox
im

at
el

y 
2 

w
ee

ks
. 

d N
at

io
na

l I
ns

tit
ut

e 
of

 A
lle

rg
y 

an
d 

In
fe

ct
io

us
 D

is
ea

se
s/

Fo
od

 A
lle

rg
y 

an
d 

A
na

ph
yl

ax
is

 N
et

w
or

k 
cr

ite
ria

.

1233• JID 2022:226 (1 October) •BRIEF REPORT



and antibody-dependent neutrophil phagocytosis and that 
their antibody response may compensate for reduced IgG1 
titer with higher phagocytic function per IgG (Figure 1C). The 
relatively higher magnitude of S-specific FcγR3B binding in 
allergic individuals normalized across all spike-specific an-
tibody features (Figure 1D) may contribute to the high ratio 
of phagocytosis to IgG1 as FcγR3B is capable of neutrophil 
activation [12]. Overall, allergic individuals have differential 
S- and RBD-specific antibody profiles compared to the uni-
form magnitude of the nonallergic vaccine recipient group 
(Figure 1D). In Figure 1D, the normalized anti-S antibody 
features across allergic and nonallergic groups show lower 
IgG subclass titers in the allergic group, indicated by the size 
of the petal corresponding to IgG1, IgG2, IgG3, and IgG4, with 
statistically significant differences only in anti-S IgG1 at the 

univariate level. Repeating the experiments without patient 2 
(prior SARS-CoV-2 infection) or patient 8 (received 2 vaccine 
doses) did not alter these findings (Supplementary Figure 2).

DISCUSSION

We observed a significant reduction of anti-S IgG1 antibodies 
in mRNA COVID-19 vaccine–allergic individuals vs mRNA 
COVID-19 vaccine–nonallergic individuals. We also identified 
an overall reduction in antibody-mediated opsonophagocytic 
functions in allergic vaccine recipients compared to nonallergic. 
Prior data suggest that the functional quality of the humoral 
immune response is a correlate of vaccine-induced immunity, 
with S-specific antibodies as immune correlates of mRNA-1273 
vaccine–induced immunity and Fc-mediated functions in pro-
tection against SARS-CoV-2 [13, 14].
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Figure 1. Vaccine-allergic and -nonallergic antibody profiles to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike (S) protein. A, Box plots of vaccine-
allergic (A; n = 8) and nonallergic (NA; n = 18) anti-S, anti–receptor-binding domain (RBD), or anti–N-terminal domain (NTD) IgG1 and IgG3 binding in log median fluorescence 
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quartiles. Solid line indicates the median. C, Box plots showing the ratio of S-specific ADCP or ADNP to IgG1 binding levels. Lines indicate minimum, lower quartile, median, 
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The 2 mRNA COVID-19 vaccines authorized for use re-
quire 2 doses with booster vaccinations recommended [7]. 
Although only severe and immediate-onset mRNA COVID-
19 vaccine allergic reactions contraindicates additional doses 
[7, 15], any allergic symptoms after vaccination may result 
in incomplete vaccination [6], jeopardizing individual pro-
tection and population immunity. Our finding that individ-
uals with allergic reactions to mRNA COVID-19 vaccine 
exhibit differential SARS-CoV-2 S- and RBD-directed anti-
body profiles with lower IgG1 and an overall reduced trend 
in antibody-mediated opsonophagocytic function directed 
against SARS-CoV-2 S therefore may have important impli-
cations for vaccine efficacy and/or durability in the allergic 
population.

Our study was a small, single-center pilot study. While 
we matched on key demographic and vaccine factors likely 
to influence antibody response, residual confounding may 
be present. Comprehensive clinical data, such as medical 
comorbidities and detailed medication exposures, were not 
collected similarly in cases and controls. However, allergic 
cases were not prescribed systemic immunosuppressive medi-
cations and regularly prescribed corticosteroids included 
inhaled corticosteroids for 2 allergic patients. Additionally, 
only 2 allergic cases received corticosteroids as part of their 
vaccine reaction treatment. Given that all individuals with 
mRNA COVID-19 vaccine allergy also had strong allergic 
histories, but control patients infrequently had allergic his-
tories, future studies must distinguish whether this humoral 
immune pattern is associated with mRNA vaccine–allergic 
individuals or is associated with the allergic host more gen-
erally. Although all of the vaccine allergy cases included in 
this study were women, women comprise the majority of the 
mRNA vaccine allergy cases to date [4, 5, 15]. Although al-
lergy is a clinical diagnosis, all cases were diagnosed by al-
lergy specialists.

These findings suggest potential quantitative deficits in 
COVID-19 protection in individuals with mRNA COVID-19 
vaccine allergy. While larger confirmatory studies are needed, 
these initial data support the need for additional immunologic 
investigations in individuals with allergic responses and clinical 
and population efforts to assist mRNA vaccine–allergic individ-
uals in completing and optimizing their COVID-19 vaccination 
protection.
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