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median titer was lower by a factor of 1.5 against 
the BA.2.12.1 subvariant and by a factor of 2.9 
against the BA.4 or BA.5 subvariant.

These data show that the BA.2.12.1, BA.4, 
and BA.5 subvariants substantially escape neu-
tralizing antibodies induced by both vaccination 
and infection. Moreover, neutralizing antibody 
titers against the BA.4 or BA.5 subvariant and (to 
a lesser extent) against the BA.2.12.1 subvariant 
were lower than titers against the BA.1 and BA.2 
subvariants, which suggests that the SARS-CoV-2 
omicron variant has continued to evolve with 
increasing neutralization escape. These findings 
provide immunologic context for the current 
surges caused by the BA.2.12.1, BA.4, and BA.5 
subvariants in populations with high frequen-
cies of vaccination and BA.1 or BA.2 infection.
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SARS-CoV-2 Infection in Patients with a History of VITT

To the Editor: Vaccine-induced immune throm-
botic thrombocytopenia (VITT) is a prothrom-
botic adverse effect of vaccination against severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), an important measure in the prevention 
of severe coronavirus disease 2019 (Covid-19). 
VITT is caused by platelet-activating antiplatelet 
factor 4 (PF4) antibodies of immunoglobulin G 
class that have been rarely induced by two adeno-
virus vector–based Covid-19 vaccines, ChAdOx1 
nCoV-19 (AstraZeneca) and Ad26.COV2.S (John-
son & Johnson/Janssen).1

All available Covid-19 vaccines generate an 
immune response against the SARS-CoV-2 spike 
protein, which arouses concern that VITT may 
be triggered by cross-reactivity between PF4 and 
spike protein,2 a view that has been reinforced 
by the detection of antibodies against PF4 in 
some patients with Covid-19.3 Despite encourag-
ing in vitro studies that provided no evidence of 
a link between anti–SARS-CoV-2 and anti-PF4 
immune responses,4 investigators could not pro-
vide in vivo evidence to exclude such a link due 
to the lack of an animal model. However, if both 

immune responses are indeed linked, VITT sur-
vivors who subsequently contract Covid-19 should 
have an increase in anti–PF4 antibodies, poten-
tially even retriggering thrombocytopenia or 
thrombosis.

We performed periodic evaluation of VITT 
antibody status (study registry, EUPAS45098) in 
a cohort of 69 patients with a history of VITT 
who had received an adenovirus vector Covid-19 
vaccine. Of these patients, 24 did not receive any 
subsequent doses of a Covid-19 vaccine; the re-
maining 45 patients received subsequent doses 
of a messenger RNA (mRNA) vaccine (either the 
BNT162b2 [Pfizer–BioNTech] or the mRNA-1273 
[Moderna] vaccine). Of these patients, 31 received 
a second dose and 14 received a third dose. The 
characteristics of the patients are provided in 
Table S1 in the Supplementary Appendix, avail-
able with the full text of this letter at NEJM.org. 
Of the 69 patients, Covid-19 developed in 11 
(16%), all of whom had mild symptoms (Table 1). 
Covid-19 occurred more frequently in the pa-
tients who had received only the adenovirus vec-
tor vaccine than in those who had subsequently 

The New England Journal of Medicine 
Downloaded from nejm.org on August 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



Correspondence

n engl j med 387;1 nejm.org July 7, 2022 89

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 1

1 
Pa

tie
nt

s 
w

ith
 a

 H
is

to
ry

 o
f V

IT
T 

w
ith

 S
ub

se
qu

en
t C

ov
id

-1
9.

*

Pa
tie

nt
 

N
o.

A
ge

 in
 Y

r,
  

Se
x

C
lin

ic
al

 V
IT

T 
 P

re
se

nt
at

io
n

V
ac

ci
ne

 D
os

es
  

be
fo

re
 C

ov
id

-1
9

Ti
m

e 
fr

om
 V

IT
T 

 t
o 

C
ov

id
-1

9
A

nt
i–

PF
4-

A
nt

ib
od

y 
St

at
us

†
A

nt
ic

oa
gu

la
tio

n 
 a

t 
C

ov
id

-1
9 

O
ns

et

B
ef

or
e 

O
ns

et
 

 o
f C

ov
id

-1
9

A
ft

er
 R

ec
ov

er
y 

 
fr

om
 C

ov
id

-1
9

nu
m

be
r

va
lu

e 
(t

im
e)

1
34

, M
D

V
T

2
7 

m
o

3.
27

; P
A

A
  

po
si

tiv
e 

(2
8 

w
k)

2.
26

; P
A

A
 

 n
eg

at
iv

e 
(8

 w
k)

N
on

e

2
41

, M
C

V
ST

, p
or

ta
l-v

ei
n 

th
ro

m
bo

si
s,

 
le

ft
 ju

gu
la

r-
ve

in
 th

ro
m

bo
si

s
1

10
 m

o
1.

97
; P

A
A

 
 p

os
iti

ve
 (

16
 w

k)
1.

48
; P

A
A

 
 p

os
iti

ve
 (

1 
w

k)
A

pi
xa

ba
n 

(5
 m

g 
tw

ic
e 

da
ily

)

3
48

, M
A

rt
er

ia
l s

tr
ok

e
1

3 
m

o
1.

81
; P

A
A

 
 n

eg
at

iv
e 

(3
 w

k)
1.

70
; P

A
A

 
 n

eg
at

iv
e 

(1
 w

k)
A

sp
ir

in
 (

10
0 

m
g)

 p
lu

s 
ap

ix
ab

an
 

(2
.5

 m
g)

 tw
ic

e 
da

ily

4
53

, F
C

V
ST

, D
V

T
1

10
 m

o
1.

72
; P

A
A

 
 n

eg
at

iv
e 

(5
 d

ay
s)

1.
05

; P
A

A
 

 n
eg

at
iv

e 
(9

 w
k)

N
on

e

5
51

, F
Th

ro
m

bo
cy

to
pe

ni
a,

 e
le

va
te

d 
 

d
-d

im
er

, h
ea

da
ch

e 
(“

pr
e-

V
IT

T”
)

1
12

 m
o

1.
26

; P
A

A
 

 n
eg

at
iv

e 
(3

 w
k)

0.
65

; P
A

A
 

 n
eg

at
iv

e 
(2

 w
k)

R
iv

ar
ox

ab
an

 (
20

 m
g 

on
ce

 d
ai

ly
)

6
36

, M
C

V
ST

3
9 

m
o

0.
77

; P
A

A
 

 n
eg

at
iv

e 
(4

 w
k)

0.
63

; P
A

A
  

ne
ga

tiv
e 

(2
 w

k)
D

ab
ig

at
ra

n 
(1

50
 m

g 
tw

ic
e 

da
ily

)

7
52

, F
Pu

lm
on

ar
y 

em
bo

lis
m

1
14

 m
o

0.
97

; P
A

A
 

 n
eg

at
iv

e 
(5

 w
k)

0.
8;

 P
A

A
 

 n
eg

at
iv

e 
(2

 w
k)

N
on

e

8
31

, F
Th

ro
m

bo
cy

to
pe

ni
a,

 e
le

va
te

d 
 

d
-d

im
er

, h
ea

da
ch

e 
(“

pr
e-

V
IT

T”
)

2
10

 m
o

0.
28

; P
A

A
 

 n
eg

at
iv

e 
(1

0 
w

k)
0.

14
; P

A
A

 
 n

eg
at

iv
e 

(3
 w

k)
N

on
e,

  
th

en
 d

al
te

pa
ri

n 
(5

00
0 

U
 d

ai
ly

) 
fo

r 
6 

w
k 

po
st

 p
ar

tu
m

9
31

, M
C

V
ST

1
12

 m
o

0.
85

; P
A

A
 

 n
eg

at
iv

e 
(1

 w
k)

1.
07

; P
A

A
 

 n
eg

at
iv

e 
(1

 w
k)

N
on

e

10
40

, M
C

V
ST

1
9 

m
o

0.
59

; P
A

A
  

po
si

tiv
e 

(1
 w

k)
0.

54
; P

A
A

 
 p

os
iti

ve
 (

4 
w

k)
Ph

en
pr

oc
ou

m
on

 (
IN

R
 a

dj
us

te
d)

11
31

, F
C

V
ST

 w
ith

 s
ec

on
da

ry
 

 h
em

or
rh

ag
e

2
13

 m
o

0.
35

; P
A

A
 

 n
eg

at
iv

e 
(6

 w
k)

0.
21

; P
A

A
 

 n
eg

at
iv

e 
(4

 w
k)

N
on

e

* 
 A

ll 
11

 p
at

ie
nt

s 
w

ith
 a

 h
is

to
ry

 o
f v

ac
ci

ne
-in

du
ce

d 
th

ro
m

bo
tic

 t
hr

om
bo

cy
to

pe
ni

a 
(V

IT
T)

 h
ad

 m
ild

 s
ym

pt
om

s 
of

 C
ov

id
-1

9 
re

se
m

bl
in

g 
th

e 
co

m
m

on
 c

ol
d 

(e
.g

., 
fe

ve
r,

 r
hi

ni
tis

, h
ea

da
ch

e,
 

co
ug

h,
 a

nd
 c

hi
lls

).
 C

V
ST

 d
en

ot
es

 c
er

eb
ra

l v
en

ou
s 

si
nu

s 
he

m
or

rh
ag

e,
 D

V
T 

de
ep

-v
ei

n 
th

ro
m

bo
si

s,
 F

 fe
m

al
e,

 I
N

R
 in

te
rn

at
io

na
l n

or
m

al
iz

ed
 r

at
io

, a
nd

 M
 m

al
e.

†
  T

es
tin

g 
fo

r 
an

ti–
PF

4-
an

tib
od

y 
st

at
us

 w
as

 p
er

fo
rm

ed
 b

y 
m

ea
ns

 o
f e

nz
ym

e-
lin

ke
d 

im
m

un
os

or
be

nt
 a

ss
ay

. R
es

ul
ts

 a
re

 s
ho

w
n 

in
 o

pt
ic

al
 d

en
si

ty
 u

ni
ts

 (
ne

ga
tiv

e 
te

st
 r

es
ul

t, 
<0

.5
0 

un
its

).
 I

n 
8 

of
 t

he
 p

at
ie

nt
s,

 t
he

 in
iti

al
 t

es
t 

fo
r 

PF
4-

en
ha

nc
ed

 p
la

te
le

t 
ac

tiv
at

io
n 

on
 a

 p
la

te
le

t-
ac

tiv
at

io
n 

as
sa

y 
(P

A
A

) 
w

as
 p

os
iti

ve
, a

nd
 s

ub
se

qu
en

t 
te

st
in

g 
in

 t
he

 la
st

 s
am

pl
e 

ob
ta

in
ed

 b
ef

or
e 

C
ov

id
-1

9 
in

fe
ct

io
n 

w
as

 n
eg

at
iv

e;
 n

on
e 

of
 t

he
 8

 p
at

ie
nt

s 
ha

d 
po

si
tiv

e 
re

su
lts

 o
n 

th
is

 a
ss

ay
 a

ga
in

 a
ft

er
 C

ov
id

-1
9 

in
fe

ct
io

n.
 T

he
 c

ou
rs

e 
of

 t
he

 a
nt

i–
PF

4 
an

tib
od

y 
re

sp
on

se
 in

 t
he

 p
at

ie
nt

s 
is

 s
ho

w
n 

in
 

Fi
gu

re
 S

1 
in

 t
he

 S
up

pl
em

en
ta

ry
 A

pp
en

di
x.

The New England Journal of Medicine 
Downloaded from nejm.org on August 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 387;1 nejm.org July 7, 202290

received one or two doses of an mRNA vaccine 
(7 of 24 patients [29%] vs. 4 of 45 patients [9%]; 
P = 0.04 by Fisher’s exact test). This lower fre-
quency of symptomatic Covid-19 supports the 
concept of offering patients with a history of VITT 
subsequent vaccination with an mRNA-based 
SARS-CoV-2 vaccine.5

In all the patients who had contracted Covid-19, 
a follow-up blood sample that was obtained after 
their recovery was available at a median of 2 weeks 
after the onset of infection. No major increases 
in PF4-antibody levels developed after recovery 
from Covid-19. In most of the patients, repeat 
optical density readings were lower than those 
in the last sample obtained before the onset of 
Covid-19, a finding that was consistent with the 
inherent natural decline in anti–PF4 antibodies.5 
No patient had recurrent thrombocytopenia, new 
or recurrent thrombosis, or reversion to a positive 
platelet-activation assay. Our observations pro-
vide in vivo evidence that corroborate our previ-
ous in vitro findings4 that the immune respons-
es against the SARS-CoV-2 spike protein (induced 
by Covid-19 or any of the Covid-19 vaccines) and 
against PF4 (induced in association with VITT) 
are independent. Our finding that Covid-19 does 
not restimulate anti–PF4 antibodies in patients 
with a history of VITT provides further insights 
into the pathogenesis of this disorder and may 
be helpful in counseling patients regarding fur-
ther Covid-19 vaccination with an mRNA vaccine.
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Nonoperative or Surgical Treatment of 
Acute Achilles’ Tendon Rupture

To the Editor: Myhrvold et al. (April 14 issue)1 
report the use of heel wedges as part of their 
treatment algorithm. However, it is increasingly 
recognized that the wedges promote neither an-
kle equinus nor tendon apposition but rather 
tend to elicit flexion at the midfoot.2,3 Indeed, 
Figure 4 in the protocol of their article (available 
at NEJM.org) shows this very midfoot pseudo-
equinus effect, which may account for the mark-
edly high percentage of patients with repeat rup-
ture in the group that received nonoperative 
treatment in this trial as compared with analo-
gous studies in which nonoperative therapy was 
used in conjunction with either expeditious ankle 
mobilization or weight-bearing or both.4 The au-

thors note that the literature regarding repeat 
rupture after accelerated nonoperative functional 
rehabilitation is conflicting, with some studies 
reporting high rates and others low rates equiva-
lent to those associated with surgical repair. It is 
of interest that studies in which nonsurgical re-
habilitation has been found to be associated with 
high rates of repeat rupture, cited by the authors, 
are characterized by the use of heel wedges rath-
er than orthoses, which affect veritable ankle 
plantar flexion and equinus.5,6 The use of wedges 
in the trial conducted by Myhrvold et al. may 
have had disproportionate adverse effects on pa-
tients undergoing nonsurgical treatment, given 
that tendon apposition depends more on ankle 

The New England Journal of Medicine 
Downloaded from nejm.org on August 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 




