88

The NEW ENGLAND JOURNAL of MEDICINE

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).!

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,” a view that has been reinforced
by the detection of antibodies against PF4 in
some patients with Covid-19.2 Despite encourag-
ing in vitro studies that provided no evidence of
a link between anti-SARS-CoV-2 and anti-PF4
immune responses,* 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
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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.

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.?
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 findings* 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.

Linda Schénborn, M.D.
Thomas Thiele, M.D.
Andreas Greinacher, M.D.

University Medicine Greifswald
Greifswald, Germany
andreas.greinacher@med.uni-greifswald.de

and Others

A complete list of authors is available with the full text of this
letter at NEJM.org.

The views expressed in this letter are those of the authors
and do not necessarily reflect those of the European Medicines
Agency or one of its Committees or Working Parties.

Supported by a grant (374031971-TRR240) from the German
Research Foundation. Dr. Schénborn was supported within the
Gerhard Domagk Research Program by University Medicine
Greifswald. A portion of the results of the study were obtained
under a service contract (EMA/2021/17/TDA) with University
Medicine Greifswald.

Disclosure forms provided by the authors are available with
the full text of this letter at NEJM.org.

This letter was published on June 27, 2022, at NEJM.org.

1. Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA,
Eichinger S. Thrombotic thrombocytopenia after ChAdOx1
nCov-19 vaccination. N Engl J] Med 2021;384:2092-101.

2. Dassariello M, Vetrei C, Amato F, De Lorenzo C. Interactions
of Spike-RBD of SARS-CoV-2 and platelet factor 4: new insights
in the etiopathogenesis of thrombosis. IntJ Mol Sci 2021;22:8562.
3. Brodard]J, Kremer Hovinga JA, Fontana P, StudtJ-D, Gruel Y,
Greinacher A. COVID-19 patients often show high-titer non-
platelet-activating anti-PF4/heparin IgG antibodies. J Thromb
Haemost 2021;19:1294-8.

4. Greinacher A, Selleng K, Mayerle J, et al. Anti-platelet factor
4 antibodies causing VITT do not cross-react with SARS-CoV-2
spike protein. Blood 2021;138:1269-77.

5. Schonborn L, Thiele T, Kaderali L, et al. Most anti-PF4 anti-
bodies in vaccine-induced immune thrombotic thrombocytope-
nia are transient. Blood 2022;139:1903-7.

DOI: 10.1056/NEJMc2206601

Nonoperative or Surgical Treatment of
Acute Achilles’ Tendon Rupture

TO THE EDITOR: Myhrvold et al. (April 14 issue)*
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.?? 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.* 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.>® 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
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