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LETTER

CHRONIC MYELOPROLIFERATIVE NEOPLASMS

Single dose of BNT162b2 mRNA vaccine against SARS-CoV-2 induces
high frequency of neutralising antibody and polyfunctional T-cell
responses in patients with myeloproliferative neoplasms

Patrick Harrington 1,2
● Hugues de Lavallade1,2,3 ● Katie J. Doores4 ● Amy O’Reilly 1

● Jeffrey Seow4
●

Carl Graham4
● Thomas Lechmere4 ● Deepti Radia1 ● Richard Dillon1,5

● Yogita Shanmugharaj1 ●

Andreas Espehana 1
● Claire Woodley1 ● Jamie Saunders 1

● Natalia Curto-Garcia1 ● Jennifer O’Sullivan1
●

Kavita Raj1 ● Shahram Kordasti1,2 ● Michael H. Malim4
● Claire N. Harrison1,2

● Donal P. McLornan 1,2

Received: 23 April 2021 / Revised: 4 May 2021 / Accepted: 12 May 2021 / Published online: 22 May 2021
© The Author(s), under exclusive licence to Springer Nature Limited 2021

To the Editor:

Encouraging results have been observed from initial studies
evaluating vaccines targeting the novel beta coronavirus
which causes severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1, 2]. BNT162b2 (Pfizer- BioNTech) is
a nucleoside-modified mRNA that encodes a full-length
SARS-CoV-2 Spike (S) protein, a key target of neutralising
antibodies, and has demonstrated a 95% reduction of cases in
the general population [1]. However, concerns have been
raised around the efficacy of these vaccines in immunosup-
pressed populations, including patients with haematological
malignancy [3].

Myeloproliferative neoplasms (MPN), in particular
myelofibrosis (MF), are associated with a pro-inflammatory
state and dysregulation of pivotal natural killer cell,
regulatory T cell and effector T cell function [4, 5].
These heterogenous defects are further influenced by patient
age, disease subtype, stage and the use of cytoreductive

therapies, including JAK inhibitors [4]. A recently reported
large scale population-based cohort study found incidence
of both bacterial and viral infections to be significantly
increased in MPN patients, irrespective of the use of
cytoreductive therapies [6]. Another large patient reported
prospective study evaluating incidence of infection in MPN
patients found both a diagnosis of MF and the use of rux-
olitinib therapy to be associated with increased risk of
infection [7]. Separately, a study evaluating MF patients
treated with ruxolitinib found disease severity, as deter-
mined by high international prognostic score system cate-
gory, to be significantly correlated with infectious risk, with
an optimal spleen response to treatment associated with
improved infection free survival [8]. These studies highlight
the importance of an effective vaccination programme
against SARS-CoV-2 in this population. Herein we
describe, for the first time, immune responses to the first
injection of BNT162b2 in an unselected MPN cohort.

Patients with a WHO defined diagnosis of an MPN
presenting to our clinic were recruited in accordance with
the regional research and ethics review board, with sam-
pling at baseline and median of 21 days (IQR 21–21)
following first injection of 30 μg BNT162b2. Clinical
characteristics and adverse events are summarised in
Table 1, with all adverse events reported within 7 days
after administration of the vaccine considered to be rela-
ted to the vaccine. The vaccine was safe and generally
well tolerated with 57.1% (12) patients reporting localised
inflammation and 47.6% (10) of patients reporting sys-
temic side effects including flu-like illness, fatigue and
gastrointestinal symptoms, following injection

Anti-S IgG ELISA testing was performed as described
previously [9] in all 21 patients and results were compared
with samples taken prior to vaccination in 20 patients.

* Donal P. McLornan
Donal.mclornan@nhs.net

1 Department of Clinical Haematology, Guy’s & St Thomas’ NHS
Foundation Trust, London, UK

2 School of Cancer and Pharmaceutical Science, King’s College
London, London, UK

3 Department of Haematological Medicine, King’s College London
School of Medicine, London, UK

4 Department of Infectious Diseases, School of Immunology &
Microbial Sciences, King’s College London, London, UK

5 Department of Medicine and Molecular Genetics, King’s College
London, London, UK

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41375-021-01300-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41375-021-01300-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41375-021-01300-7&domain=pdf
http://orcid.org/0000-0001-5704-466X
http://orcid.org/0000-0001-5704-466X
http://orcid.org/0000-0001-5704-466X
http://orcid.org/0000-0001-5704-466X
http://orcid.org/0000-0001-5704-466X
http://orcid.org/0000-0002-5346-754X
http://orcid.org/0000-0002-5346-754X
http://orcid.org/0000-0002-5346-754X
http://orcid.org/0000-0002-5346-754X
http://orcid.org/0000-0002-5346-754X
http://orcid.org/0000-0003-2872-6826
http://orcid.org/0000-0003-2872-6826
http://orcid.org/0000-0003-2872-6826
http://orcid.org/0000-0003-2872-6826
http://orcid.org/0000-0003-2872-6826
http://orcid.org/0000-0002-8650-5362
http://orcid.org/0000-0002-8650-5362
http://orcid.org/0000-0002-8650-5362
http://orcid.org/0000-0002-8650-5362
http://orcid.org/0000-0002-8650-5362
http://orcid.org/0000-0003-1224-091X
http://orcid.org/0000-0003-1224-091X
http://orcid.org/0000-0003-1224-091X
http://orcid.org/0000-0003-1224-091X
http://orcid.org/0000-0003-1224-091X
mailto:Donal.mclornan@nhs.net


Ta
bl
e
1
P
at
ie
nt

ch
ar
ac
te
ri
st
ic
s.

P
t

A
ge

S
ex

D
ia
gn

os
is

T
re
at
m
en
t

L
oc
al

si
de

ef
fe
ct
s

S
ys
te
m
ic

si
de

ef
fe
ct
s

P
re

an
ti-

N
Ig
G

O
D

P
re

an
ti-
S

Ig
G

E
C
50

P
os
t
an
ti-
S

Ig
G

E
C
50

P
os
t
ne
ut
.

A
b
ID

50
P
os
t

C
D
4+

P
os
t

C
D
8+

01
55

F
E
T

P
eg
-I
F
N

N
on

e
N
on

e
0.
31

7
<
25

25
95

+
+

02
62

M
E
T

P
eg
-I
F
N

N
on

e
F
at
ig
ue

0.
20

4
<
25

31
24

3
+

+

03
47

M
M
F

S
ur
ve
ill
an
ce

L
oc
al
is
ed

in
fl
am

m
at
io
n

N
on

e
0.
22

8
<
25

<
25

13
3

N
A

N
A

04
50

F
P
V

S
ur
ve
ill
an
ce
/

V
en
es
ec
tio

n
N
on

e
N
on

e
0.
24

3
<
25

<
25

<
25

+
+

05
63

F
E
T

S
ur
ve
ill
an
ce

L
oc
al
is
ed

in
fl
am

m
at
io
n

N
on

e
0.
20

7
<
25

25
15

6
−

−

06
37

M
P
V

H
C

N
on

e
H
ea
da
ch
e,

F
at
ig
ue

0.
33

9
<
25

81
0

21
63

+
−

07
43

F
M
F

R
ux

ol
iti
ni
b

N
on

e
D
iz
zi
ne
ss

0.
25

6
<
25

<
25

<
25

+
−

08
63

F
M
F

R
ux

ol
iti
ni
b

L
oc
al
is
ed

in
fl
am

m
at
io
n

F
at
ig
ue

0.
90

0
25

57
88

39
99

+
−

09
40

F
E
T

S
ur
ve
ill
an
ce

N
on

e
D
ia
rr
ho

ea
0.
32

6
<
25

45
7

68
9

−
−

10
72

M
M
F

S
ur
ve
ill
an
ce

L
oc
al
is
ed

in
fl
am

m
at
io
n

N
on

e
1.
77

2
41

96
18

13
70

9
+

+

11
64

F
M
F

S
ur
ve
ill
an
ce

L
oc
al
is
ed

in
fl
am

m
at
io
n

N
on

e
0.
26

6
25

87
83

15
41

7
+

+

12
64

F
E
T

H
C

L
oc
al
is
ed

in
fl
am

m
at
io
n

F
at
ig
ue

0.
19

4
<
25

25
12

7
−

−

13
36

M
M
F

R
ux

ol
iti
ni
b
IM

G
-7
28

9
N
on

e
N
on

e
0.
18

7
<
25

25
38

1
+

+

14
59

F
M
F

R
ux

ol
iti
ni
b

N
on

e
N
on

e
0.
21

6
<
25

<
25

<
25

+
−

15
70

F
P
V

R
ux

ol
iti
ni
b

L
oc
al
is
ed

in
fl
am

m
at
io
n

F
at
ig
ue

0.
19

4
<
25

25
98

−
−

16
59

M
E
T

P
eg
-I
F
N

L
oc
al
is
ed

in
fl
am

m
at
io
n

F
lu
-l
ik
e
ill
ne
ss

0.
24

2
<
25

35
8

11
51

+
−

17
58

M
M
F

R
ux

ol
iti
ni
b

N
on

e
F
lu
-l
ik
e
ill
ne
ss

1.
50

4
25

64
60

23
82

3
+

−

18
58

F
E
T

H
C

L
oc
al
is
ed

in
fl
am

m
at
io
n

N
au
se
a

0.
19

8
<
25

12
0

53
3

+
−

19
40

F
E
T

P
eg
-I
F
N

L
oc
al
is
ed

in
fl
am

m
at
io
n

N
on

e
0.
37

0
<
25

25
36

6
+

+

20
60

F
M
F

H
yd

ro
xy

-c
ar
ba
m
id
e

L
oc
al
is
ed

in
fl
am

m
at
io
n

N
on

e
1.
73

9
<
25

45
7

19
77

+
−

21
56

F
P
V

S
ur
ve
ill
an
ce
/

V
en
es
ec
tio

n
L
oc
al
is
ed

in
fl
am

m
at
io
n

N
on

e
0.
09

9
N
A

<
25

21
3

−
−

E
C
50

50
%

ef
fe
ct
iv
e

co
nc
en
tr
at
io
n,

E
T

es
se
nt
ia
l

th
ro
m
bo

cy
th
ae
m
ia
,

H
C

hy
dr
ox

yc
ar
ba
m
id
e,

ID
50

50
%

in
hi
bi
to
ry

di
lu
tio

n,
M
F

m
ye
lo
fi
br
os
is
,

P
eg
-I
F
N

pe
gy

la
te
d

in
te
rf
er
on

,
P
V
po

ly
cy
th
ae
m
ia

ve
ra
.

3574 P. Harrington et al.



Neutralising antibody analysis was also performed in post-
vaccine samples from all 21 patients. Briefly, HIV-1
(human immunodeficiency virus type-1) based virus parti-
cles, pseudotyped with SARS-CoV-2 Wuhan Spike were
prepared in HEK-293T/17 cells and neutralisation assays
were conducted as previously described [10]. Serial dilu-
tions of heat inactivated plasma samples were prepared in
DMEM complete media and incubated with pseudotyped
virus for 1 h at 37 °C in 96-well plates. Next, HeLa cells
stably expressing the ACE2 receptor (provided by Dr James
Voss, Scripps Research, La Jolla, CA) were added and the
plates were left for 72 h. Infection level was assessed in
lysed cells with the Bright-Glo luciferase kit (Promega),
using a Victor™ X3 multilabel reader (Perkin Elmer).
Measurements were performed in duplicate and the dupli-
cates used to calculate the serum dilution that inhibits 50%
infection (ID50) using GraphPad Prism.

At baseline, four patients showed evidence of prior
infection with positive anti-nucleocapsid IgG ELISA and an
additional patient was positive for anti-S IgG. A positive
anti-S IgG ELISA was seen in 76.1% (16) of patients fol-
lowing vaccination. The median anti-S IgG EC50 amongst
positive samples was 239 (IQR 25–4544). Positive neu-
tralising antibodies were detected in 85.7% (18) of patients,
with a median ID50 of 457 (IQR 150.3–2622). Moreover,
high (>501) neutralising titres were observed in 42.9% (9)
of patients.

The induction of virus-specific T-cell responses by
BNT162b2 vaccination was assessed ex-vivo by flow
cytometric enumeration of antigen-specific CD8+ and
CD4+ T lymphocytes using an intracellular cytokine assay
for IFNγ, TNFα and IL2, as described [11]. Briefly, cells
were thawed, then rested for 18 h at 37 °C, 5% CO2.
Specific peptides covering the immunogenic domains of the
Spike (S) protein (Miltenyi Biotech) (0.25 µg/ml) and anti-
CD28 (BD bioscience) were added for 3 h, followed by
Brefeldin-A (BFA) for an additional 3 h. Unstimulated cells
were utilised as negative controls and PMA and Ionomycin
(Miltenyi Biotech) was added separately as a positive
control. Cells were stained with a viability dye, stained with
antibodies directed against surface markers, and fixed and
permeabilised (BD CytoFix/Cytoperm) prior to staining
with antibodies directed against intracellular cytokines.

T cell analysis was performed in 20 patients with a
response considered positive if there was a threefold
increase in any pro-inflammatory cytokine from baseline
expression, and above a threshold of 0.01. A memory T cell
response was observed in 80% (16) of patients, with a
CD4+ T cell response in 75% (15) and a CD8+ T cell
response in 35% (7). A polyfunctional T cell response was
observed in 65% (13) of patients evaluated (Fig. 1a, b). The
median increase in expression of TNFα in CD4+ cells
compared with the baseline unstimulated control was 0.07
(IQR 0.01–0.35) and in CD8+ cells 0.11 (0.00–0.19).

Fig. 1 Representative T cell and antibody responses. a Post-vaccine
polyfunctional CD4+ T cell response in MF patient on ruxolitinib
showing TNFα and IL-2 expression in unstimulated cells (left) and cells
exposed to S protein (right). b Post-vaccine polyfunctional CD8+ T cell

response in MF patient on ruxolitinib showing TNFα and IFNγ expres-
sion in unstimulated cells (left) and cells exposed to S protein (right).
c IgG EC50 in MF patients compared with other diagnoses. d Neu-
tralising antibody ID50 in MF patients compared with other diagnoses.
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Median increase in IFNγ expression was 0.04 (−0.01 to
0.1) in CD4+ and 0.09 (−0.01 to 0.3) in CD8+ cells, whilst
IL-2 was 0.05 (0.01–0.34) in CD4 and 0.02 (0.00–0.19).

Of note, patients with a diagnosis of MF (n= 9) had
significantly higher post-vaccine anti-S IgG EC50 and
neutralising antibody ID50 titres compared to patients with
other MPN subtypes, with a mean IgG EC50 of 3459 vs
158.4 (p= 0.012) and mean ID50 of 6604 vs 486.2
(p= 0.026) respectively (Fig. 1c, d). However, four of the
patients with evidence of previous Covid-19 infection also
had a diagnosis of MF. No significant differences in T cell
or antibody response were identified between patients on
treatment compared with those undergoing active surveil-
lance. Similarly, no significant differences were observed
between those taking ruxolitinib, compared with other
therapies.

These results, for the first time, provide some reassurance
regarding the initial immune response to the BNT162b2
vaccine amongst patients with MPN, with response rates
similar to that observed in the general population [12]. This
is particularly relevant following reports of a reduced
response to a first injection of BNT162b2 in a hetero-
geneous group of cancer patients, with predominantly solid
tissue and lymphoid malignancies. A memory T cell
response may prove to be particularly important with
regards to ongoing immunity against SARS-CoV-2. Our
group has demonstrated a marked decline in neutralising
antibodies in the 3 months following infection [7], whilst a
robust T cell response remains evident at 6 months post
infection [8]. Indeed, evidence from the SARS-CoV-1
epidemic showed the memory T cell response to be sig-
nificantly more durable than antibodies [13, 14].

Further analyses of the immune response to a second
injection of BNT162b2, as well as the response to other
vaccines against SARS-CoV-2, are clearly required. Long-
itudinal studies will also need to assess the durability of
these responses and confirm that vaccination translates into
a reduction in cases in this population.
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