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Allogeneic hematopoietic stem cell trans-
plant (allo-HCT) recipients are particularly
at risk of severe COVID-19. In addition,
they have lower serological response to
two doses of mMRNA vaccines as
compared to healthy individuals (Redjoul
et al., 2021a; Canti et al., 2021; Maillard
et al., 2022). Whether they are protected
following vaccination against the Delta
and Omicron variants remains to be
established.

We previously reported a study of 40
allo-HCT recipients immunized with the
BNT162b2 mRNA vaccine at 3 weeks
apart (days 0 and 21) (Canti et al., 2021).
Among the 37 SARS-CoV-2 naive pa-
tients, 32 (86%) had detectable RBD
binding antibodies (Ab) and 18 (49%)
neutralizing Ab (NAb) against wild-type
(WT) SARS-CoV-2 following primary im-
munization (two doses of vaccination).
Anti-RBD and NAb titers were signifi-
cantly lower in allo-HCT recipients than
in healthy adults. Furthermore, among
allo-HCT recipients, serological re-
sponses were less frequent in patients
with moderate/severe chronic graft-
versus-host disease (GVHD) as well as in
patients who had received the anti-CD20
monoclonal Ab rituximab in the year
before vaccination. Based on these ob-
servations, the protocol was amended to
provide a booster dose 14-26 weeks after
primary immunization (EudractCT # 2021-
000673-83).

Here, we report the waning of Ab after
primary BNT162b2 immunization and the
Ab response to booster immunization (a
third dose of vaccination) in 38 of the 40
allo-HCT patients enrolled in our initial
study (Canti et al., 2021). Thirty-seven pa-
tients were SARS-CoV-2 seronegative at
first vaccination, and one patient (#25)
was weakly seropositive at first vaccina-
tion and diagnosed with COVID-19
6 days after the first vaccine dose and
did not receive the second dose (Table
S1). RBD binding Ab and immune cell
subsets at baseline were quantified as
previously reported (Canti et al., 2021).
Nab titers that reduced the number of in-
fected wells by 50% (NT50) were used
as a proxy for the NAb concentration in
serum, as previously reported (Canti
et al., 2021; Arien et al., 2021).

While prior publications have reported
the waning of Ab following two doses of
mRNA vaccine in healthy subjects (Levin
et al., 2021), Ab waning in allo-HCT recip-
ients has not yet been well documented.
The booster dose was administered a me-
dian of 153 (range, 146-174) days after
the first vaccine dose. RBD binding Ab
levels decreased from a median of 497
BAU/mL (geometric mean [geomean]
325.7 BAU/mL; 95% CI: 140.0-757.6
BAU/mL) 28 days after the second vac-
cine dose (49 days after first vaccine) to
a median of 152 BAU/mL (geomean
106.8 BAU/mL; 95% CI: 53.1-214.7

BAU/mL) on the day of booster immuniza-
tion (p < 0.0001; among patients with
detectable Ab on day 28 after second
vaccine, pre-booster values were a me-
dian of 24% of those from day 28 after
second vaccine) (Figure S1). Nineteen pa-
tients had detectable NAb against WT
SARS-CoV-2 at day 28 post-dose two
(50%). Before booster, 15 patients had
detectable NT50 titers (40%), including 1
patient without detectable NAb at day 28
post-dose two. Among them, only 5 pa-
tients had detectable NT50 against the
Delta variant.

One possibly vaccine-related sus-
pected unexpected serious adverse reac-
tion was observed after the booster
vaccination: patient 7 was diagnosed
with transverse myelitis on day 72 after
booster immunization. Other adverse
events are described in the supplemental
information.

Binding RBD Ab levels increased from a
median of 152 BAU/mL (geomean 106.8
BAU/mL; 95% ClI: 53.1-214.7 BAU/mL)
on the day of the booster dose to a me-
dian of 2,955 BAU/mL (geomean 1,958
BAU/mL, 95% CI: 1,002-3,827 BAU/mL)
28 days later (p < 0.0001) (Figure S1A).
Of note, 4 of the 5 patients who failed to
seroconvert after the two first doses of
the vaccine responded to the booster
dose. These data are in line with prior re-
ports assessing binding Ab responses
to a third dose of mRNA vaccine in
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allo-HCT patients (Redjoul et al., 20213;
Maillard et al., 2022).

To our knowledge, the NAb response
against SARS-CoV-2 variants to a third-
dose vaccine of mRNA vaccine in allo-
HCT recipients has not yet been
reported. SARS-CoV-2 WT NT50 titers
increased from a geomean 52.5 (95% ClI:
37.3-73.8) on the day of the booster dose
to 566.8 (95% Cl: 351.8-913.4) 28 days
later (p < 0.0001) (Figure S1B). Geometric
mean of Delta variant NT50 titers increased
from 28.8 (95% CI: 25.4-32.6) on the day of
the booster dose to 200.4 (95% CI: 129.3-
310.7) 28 days later (p < 0.0001). After
booster immunization, 33 (87%), 31
(82%), and 23 (60.5%) patients had detect-
able NAb against the WT, Delta, and Omi-
cron variants, respectively. As previously
observed in healthy individuals (Zeng
et al., 2021; Gruell et al., 2022), patients
had higher NT50 titers against the WT virus
(median 1,078, geomean 566.8, p < 0.0001)
than against the Delta (median 202, geo-
mean 200.4) and the Omicron (median
80.5, geomean 74.4, p < 0.0001) variants
following booster immunization. Further-
more, there were strong correlations be-
tween binding RBD Ab and NADb levels (p
< 0.001; Figure S1C).

Moderate/severe chronic GVHD (n =
10) was significantly (p < 0.05) associ-
ated with lower levels of RBD binding
Ab and of NAb to SARS-CoV-2 WT and
Delta variant before and after booster im-
munization (Figures S1D-S1F). GVHD
was also associated with lower NAb ti-
ters against the Omicron variant after
booster immunization (p = 0.0002; only
1 of the 10 patients with chronic GVHD
had detectable NAb against Omicron)
(Figure S1G). Among patients without
moderate/severe chronic GVHD, rituxi-
mab administration within the year
before first vaccination was associated
with lower RBD binding Ab levels before
but not after booster immunization.

There was a correlation beween abso-
lute counts of unswitched memory B cells
(r=0.51, p=0.001), class-switched mem-
ory B cells (r=0.40, p =0.01), naive B cells
(r = 0.35, p = 0.03), and follicular helper
T cells (r = 0.37, p = 0.027) assessed at
baseline of the first immunization and
anti-RBD-Ab  levels assessed after
booster immunization.

Finally, we observed six cases of (mild)
COVID-19 infection after third vaccination
(see supplemental information).
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Three prior studies have assessed the
impact of a third dose vaccine in allo-
HCT recipients (Redjoul et al., 2021b; Le
Bourgeois et al., 2021; Maillard et al.,
2022). Redjoul et al. assessed the efficacy
of a third dose of vaccine in 42 patients
with anti-spike RBD IgG < 4,160 AU/mL
(as a surrogate for protection) following
two doses of the BNT162b2 vaccine.
The third dose was given 51 + 22 days af-
ter the second vaccine. Following the
third dose, binding Ab increased signifi-
cantly from 737 + 1,009 to 11,099 +
18,607 AU/mL, with 20 patients reaching
the 4,160 AU/mL threshold (Redjoul
et al., 2021b). Similarly, Le Bourgeois
et al. assessed the efficacy of a third
dose of vaccine in 80 allo-HCT patients
and observed that 9 patients failed to se-
roconvert after the third-dose regimen,
while two patients seronegative after the
second vaccine dose seroconverted with
the third dose (Le Bourgeois et al,
2021). More recently, Maillard et al. inves-
tigated the impact of a third dose vaccine
in 181 allo-HCT recipients (Maillard et al.,
2022). The third vaccine was given a
median of 54 days after dose 2. Twenty-
nine of 70 patients (41%) with no Ab
response after the first two doses sero-
converted, while booster vaccine
increased Ab titers in remaining patients.
Unfortunately, none of these studies as-
sessed the impact of the third dose vac-
cine on NAb. Our study observed that all
but one patient seroconverted with the
three-dose vaccine but that 18% of the
patients failed to develop NAb against
the Delta and 39.5% against the Omicron
variant. Another difference between prior
studies and ours is that the delay between
second and third vaccine was signifi-
cantly longer in our cohort. This might
explain the high efficacy of the booster
dose in our cohort. Further studies are
needed to determine whether a forth vac-
cine dose is useful in patients who failed
to achieve NAD after the first three doses.

There are limitations in our study,
including the small sample size, the
absence of data on T cell response to
the vaccine, and the absence of Ab
assessment at the time of COVID-19
onset in 5 of the 6 patients diagnosed
with COVID-19 after third vaccination.

In conclusion, in contrast to what has
been observed after solid organ trans-
plantation (Jurdi et al., 2022), but as
observed in solid cancer patients (Zeng
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et al., 2021), our data indicate that a ma-
jority of allo-HCT patients without active
moderate/severe chronic GVHD are able
to produce NAb against Delta and Omi-
cron variants in response to a third dose
of the BNT162b2 vaccine. Whether this
response is sufficient to prevent severe
COVID-19 remains to be established in
larger studies.

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at
https://doi.org/10.1016/j.ccell.2022.02.005.
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