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were cocultured with monocyte-derived
dendritic cells that were pulsed with
overlapping peptide libraries spanning
survivin, WT1, and PRAME. None of the
generated cell lines from each donor
reacted against nonmalignant patient-
derived cells, which was a product
release criterion over concerns for graft-
versus-host disease. Eleven of the 15
products were infused into patients
within 6 months posttransplant. There
were no cases of acute graft-versus host
disease; 1 patient developed chronic
graft-versus-host disease. The investiga-
tors observed that there was an increase
in the frequency of T cells responding to
PRAME, WT1, and survivin shortly after
the cell products were infused. Interest-
ingly, they also observed an increased
frequency of T cells responding to other
leukemia-associated antigens (eg,
MAGE-A4, MART1, NYESO1), sugges-
tive of epitope spreading. Although the
clinical numbers were very small, the
increased frequency of T cells respond-
ing to the targeted and nontargeted
tumor antigens correlated with the
patients’ ability to maintain their respec-
tive remissions.

The results of this early clinical study are
highly encouraging from several perspec-
tives. The demonstration that sufficient
numbers of clinical-grade cells could be
generated from all 15 donors demon-
strates that this can be a potentially practi-
cal treatment option once it is scaled up
for larger patient numbers. The observa-
tion of minimal toxicity, particularly graft-
versus-host disease, suggests a relatively
good safety profile. Finally, the additional
observation of increased frequencies of
leukemia antigen–specific T cells and a
correlation with remission persistence is
also encouraging, but it needs to be con-
firmed in larger numbers of patients. How-
ever, given the lack of effective strategies
to prevent relapse of ALL after allogeneic
HSCT, this approach deserves further clini-
cal investigation. It would also be of inter-
est to investigate its potential as a method
to treat ALL relapse, for which there have
also been few to no clinical options until
recently, with the significant introduction
of anti-CD19 chimeric antigen receptor T
cells.8 However, this revolutionary therapy
is limited to B-cell ALL; as such, there may
be a potential role for donor-derived multi-
ple leukemia antigen–specific T cells in the
treatment of T-cell ALL relapses. Taken
altogether, through ongoing translational
research, we are beginning to see

significant advancements in the prevention
and treatment of relapse after allogeneic
HSCT, which, I hope, in turn, will result in
proportionate improvements in patient
outcomes.
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Second-dose VITT:
rare but real
Sue Pavord1 and Michael Makris2 | 1Oxford University Hospitals NHS
Foundation Trust; and 2University of Sheffield

In the current issue of Blood, Krzywicka et al1 convincingly show for the first
time, that vaccine-induced immune thrombocytopenia and thrombosis (VITT)
can occur after a second dose of the AstraZeneca/Oxford ChAdOx1 nCoV-19
vaccine.

ChAdOx1 nCoV-19 was one of the
first vaccines to be developed and sys-
tematically rolled out in the United King-
dom and European countries and has
reduced severe disease and death from
COVID-19 infection. The vaccine was
developed by researchers at Oxford Uni-
versity in collaboration with the pharma-
ceutical company AstraZeneca and uses
a chimpanzee adenoviral vector contain-
ing the genomic sequence of the SARS-
CoV-2 spike protein.

Soon after the start of the ChAdOx1
nCoV-19 vaccination program in
Europe, hematologists began observing

previously healthy young individuals pre-
sent with severe, extensive thrombosis.
Unlike most cases of thrombosis, there
was associated thrombocytopenia, and
no predisposing thrombotic risk factors.2

Furthermore, thrombosis occurred in
many organs, affected both arteries and
veins, and in half of the cases, it involved
the cerebral venous circulation, often
with secondary intracranial hemorrhage
(see figure). Mortality in these early cases
was .70%.2 Severe platelet activation
mediated by anti-platelet factor 4 (anti-
PF4) antibodies was identified as the
underlying cause, leading to the descrip-
tion of the new syndrome of VITT, with
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5 diagnostic features: presentation 5 to
30 days after SARS-CoV-2 vaccination,
thrombocytopenia, thrombosis, markedly
raised D-dimer, and presence of anti-
PF4 antibodies2 (see figure).

National adverse event reporting systems
record all cases of thrombosis and
thrombocytopenia syndrome seen after
SARS-CoV-2 vaccine. Not all these cases
are VITT, and it is important to appreci-
ate the overlap between the 2 syn-
dromes.3 For example, Bhuyan and
colleagues published a series that dis-
cussed patients with thrombosis and
thrombocytopenia after a second Astra-
Zeneca dose,4 but none of the cases ful-
filled the criteria for VITT.5

In 2021, Krzywicka and colleagues set up
an international registry to record epi-
sodes of cerebral vein thrombosis (CVT)
within 28 days of any SARS-CoV-2 vacci-
nation. One hundred twenty-four (70.5%)
of the CVT cases were after AstraZeneca
vaccination, and 4 (3.2%) of these were
after the second dose. These 4 cases are

described in detail in this journal, and
according to the UK expert group classi-
fication,2 1 case is in each of the catego-
ries: definite, probable, possible, and
unlikely VITT.

The most important of the cases reported
is patient 2, who presented 6 days after
the second dose of the AstraZeneca vac-
cine with CVT and met all the criteria for
definite VITT. Cases 1 and 3 met the crite-
ria for probable and possible VITT,
respectively. It is interesting to note that
all 3 cases presented sooner than would
be expected for first-dose VITT, where
the earliest time to presentation is 5 days,
and the median time 14 days.2 Although
case 2 presented at 6 days after vaccine,
the advanced nature of her disease, with
widespread thrombosis and severe
thrombocytopenia, suggests onset before
this time. This early presentation with
second-dose VITT could be explained by
sensitization after the first dose of ChA-
dOx1 nCoV-19, giving rise to a clinical
event on rechallenge. This is seen with
heparin-induced thrombocytopenia (HIT),

another anti-PF4 antibody-mediated con-
dition causing thrombosis and thrombo-
cytopenia; initial presentation occurs at 5
or more days after first heparin exposure,
but rechallenge with heparin causes an
immediate reactivation of the condition.6

Rechallenge with heparin beyond 100
days of the initial event, when HIT anti-
PF4 antibodies become undetectable, is
not immediate and again takes 5 days for
the immune response to manifest. VITT
anti-PF4 antibody-mediated platelet acti-
vation has been shown to disappear by
12 weeks in 90% of cases,7 and rechal-
lenge beyond this time might also be
expected to take 5 days to develop the
immune response. The few VITT patients
who have received second-dose
ChAdOx1 nCoV-19 in the United King-
dom were all after an interval of 12 weeks
and had no signs of recurrence.8 The
cases identified by Krzywicka and col-
leagues had no history of VITT after first-
dose ChAdOx1 nCoV-19, but it is possi-
ble subclinical disease occurred, with pro-
found reactivation on rechallenge with
the vaccine.

Features of vaccine-induced immune thrombocytopenia and thrombosis (VITT)
after first or second dose ChAdOx SARS-CoV-2 vaccine

Clinical and laboratory
diagnostic criteria*

Types of thrombosis

29% had involvement of two
or more vascular beds

Arterial Venous

5–30 days post
SARS-CoV-2 vaccine

Thrombocytopenia

Possibly sooner with
2nd dose VITT

Cerebral vein thrombosis
(50%) (with secondary
intracranial hemorrhage
in 36%)

Pulmonary embolism
(29%)

Adrenal thrombosis / 
hemorrhage (6%)

Splanchnic vein
thrombosis (19%)

Deep vein thrombosis
(18%)

Ischemic
cerebro-vascular

accident (8%)

Myocardial
infarction (4%)

Aortic or
ischemic limb

(12%)

Vaccine-
induced immune

thrombocytopenia
and thrombosis

(VITT)
Thrombosis

D-Dimers >
4000 FEU

Anti-PF4
antibodies

* Definite VITT : all five criteria present

 Probable VITT : four criteria present

 Possible VITT : three criteria present

 Unlikely VITT : two or fewer criteria

* in accordance with Expert Hematology Panel case definition criteria (Pavord et al. NEJM, 2021; 385 : 1680–1689)
Percentages shown are those from the UK VITT cohort (Pavord et al. NEJM 2021; 385 : 1680–1689)

Overview of VITT. Professional illustration by Somersault18:24.
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Another important matter highlighted by
the cases presented by Krzywicka and
colleagues relates to anti-PF4 antibody
tests. Although these antibodies can
occur in up to 8% of patients after SARS-
CoV-2 vaccination,9 the optical densities
are only just above the normal range and
not as high as the 2.12 seen in patient 2,
a level similar to those observed in the
UK VITT cohort. It is also notable that
enzyme-linked immunosorbent assays
(ELISAs) may vary in their sensitivity to
different anti-PF4 antibodies,10 which
may explain the negative ELISA but posi-
tive platelet activation assays seen in
cases 1 and 3. Hence, the presence of
anti-PF4 antibodies is not considered a
confirmatory test in itself, but one of 5
equally important diagnostic features.2

In summary, Krzywicka and colleagues
have shown that VITT may occur after a
second dose of the ChAdOx1 nCoV-19
vaccine and can present earlier than after
the first dose. ChAdOx1 nCoV-19 is
being widely used in low- and middle-
income countries, and clinicians should

be alert for symptoms occurring after
both first and second doses, so that
diagnosis and intervention can be imple-
mented rapidly.

Conflict-of-interest disclosure: The author
declares no competing financial interests. n

REFERENCES
1. Krzywicka K, van de Munckhof A,

Zimmerman J, et al. Cerebral venous
thrombosis due to vaccine-induced immune
thrombotic thrombocytopenia after a sec-
ond ChAdOx1 nCoV-19 dose. Blood. 2022;
139(17):2720-2724.

2. Pavord S, Scully M, Hunt BJ, et al. Clinical
features of vaccine-induced immune throm-
bocytopenia and thrombosis. N Engl J Med.
2021;385(18):1680-1689.

3. Makris M, Pavord S. Most cases of
thrombosis and thrombocytopenia
syndrome (TTS) post ChAdOx-1 nCoV-19
are vaccine-induced immune thrombotic
thrombocytopenia (VITT). Lancet Reg Health
Eur. 2021;12:100274.

4. Bhuyan P, Medin J, da Silva HG, et al. Very
rare thrombosis with thrombocytopenia
after second AZD1222 dose: a global safety

database analysis. Lancet. 2021;398(10300):
577-578.

5. Pavord S, Scully M, Lester W, Makris M,
Hunt BJ. Just how common is TTS after a
second dose of the ChAdOx1 nCov-19
vaccine? Lancet. 2021;398(10313):
1801-1802.

6. Warkentin TE, Kelton JG. Temporal aspects
of heparin-induced thrombocytopenia.
N Engl J Med. 2001;344(17):1286-1292.

7. Sch€onborn L, Thiele T, Kaderali L,
Greinacher A. Decline in pathogenic
antibodies over time in VITT. N Engl J Med.
2021;385(19):1815-1816.

8. Lacy J, Pavord S, Brown KE. VITT and
second doses of Covid-19 vaccine. N Engl
J Med. 2022;386(1):95.

9. Thiele T, Ulm L, Holtfreter S, et al.
Frequency of positive anti-PF4/polyanion
antibody tests after COVID-19 vaccination
with ChAdOx1 nCoV-19 and BNT162b2.
Blood. 2021;138(4):299-303.

10. Platton S, Bartlett A, MacCallum P, et al.
Evaluation of laboratory assays for anti-
platelet factor 4 antibodies after ChAdOx1
nCOV-19 vaccination. J Thromb Haemost.
2021;19(8):2007-2013.

DOI 10.1182/blood.2022016118

© 2022 by The American Society of Hematology

blood® 28 APRIL 2022 | VOLUME 139, NUMBER 17 2583


