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The severe acute respiratory syndrome coronavirus 2 messenger
RNA vaccine-induced humoral response and reactogenicity
profile are described in allogeneic hematopoietic stem cell
transplant (HSCT) recipients. Findings showed that 75.0% (by
Simoa assay) or 80.0% (by Roche assay) of the HSCT cohort had
a positive antibody response on series completion, compared
with 100% in the healthy cohort.
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Allogeneic hematopoietic stem cell transplant (HSCT) recipi-
ents are more likely to experience severe coronavirus disease
2019 (COVID-19), with a high mortality rate [1]. Although 2
nanoparticle-encapsulated messenger RNA (mRNA) severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vac-
cines, mRNA-1273 (Moderna) and BNT162b2 (Pfizer) have
demonstrated high efficacy and safety for the general popu-
lation [2, 3], the immunogenicity and safety profile for these
novel vaccines are not known for allogeneic HSCT recipients.
The SARS-CoV-2 vaccine-induced humoral response is sig-
nificantly decreased for solid organ transplant recipients and
patients with hematological cancer [3, 4], leading to the hypo-
thesis that HSCT recipients may also have inadequate responses,
which has been demonstrated for non-SARS-CoV-2 respiratory
viral vaccines, such as for influenza [5]. Further understanding
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of the immunogenicity and tolerability of mRNA SARS-CoV-2
vaccines in the context of heterogeneous host characteristics
is essential to improve protection for these patients who are at
higher risk for poor outcomes from COVID-19.

METHODS

Study Design

A prospective cohort study of allogeneic HSCT recipients
and healthy participants age 218 years was conducted from
December 2020 to June 2021 at Brigham and Women’s Hospital
and the Dana-Farber Cancer Institute, with institutional re-
view board approval. All participants provided written in-
formed consent. Participants received the 2-dose series of
either mRNA-1273 or BNT162b2 under the Food and Drug
Administration's (FDA’s) emergency use authorization, via their
care providers. Allogeneic HSCT recipients who were 2100
days after transplantation were enrolled and asked to complete
a 7-day symptom diary after each dose. Demographic and other
information were captured from the electronic medical record.

Serum and Plasma Collection and Assays

Blood samples were obtained at baseline, at the time of dose
2, and approximately 28 days after series completion. A FDA-
cleared multiplexed, single molecule array (Simoa) immuno-
assay measured anti-nucleocapsid (N), anti-spike (S), anti-S1,
and anti-receptor-binding domain (RBD) immunoglobulin
(Ig) G titers from plasma [6, 7]. The Simoa assay has a positivity
threshold of 1.07 and 5.2 normalized average enzymes per bead
(AEB) for anti-S IgG and anti-N IgG, respectively. Samples were
also evaluated using the FDA-cleared Elecsys anti-SARS-CoV-2
and anti-SARS-CoV-2 § total antigen-capture (IgG, IgA, IgM)
immunoassays on the cobas c602 module (Roche Diagnostics),
detecting anti-S and anti-N total antibody from serum samples,
with positivity thresholds of 0.8 U/mL and a 1.0 cutoff index,
respectively [8].

Statistical Analysis

Analyses included descriptive and graphic summaries. The
Mann-Whitney test compared the magnitude of the antibody
response for the HSCT cohort with that of the healthy cohort,
with statistical significance set at a level of a = 0.05. Spearman
correlation coefficients were calculated to compare the anti-S
levels detected by the Simoa and Roche assays. Analyses were
performed using R software (version 4.1.0 www.R-project.org/).

RESULTS

A total of 24 healthy participants and 20 allogeneic HSCT re-
cipients were enrolled. The median age was 24.0 and 66.0 years
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for the healthy and allogeneic HSCT cohorts; 54.2% and 50.0%,
respectively, were female. The vaccine type was more likely to
be mRNA-1273 (62.5%) in the healthy cohort and BNT162b2
(71.4%) in the HSCT cohort. In the HSCT cohort, the median
duration after transplantation (interquartile range) was 173.0
(111.0-334.0) days, and 9 participants were prescribed cortico-
steroids and/or tacrolimus at the time of vaccination. Further
disease and treatment characteristics for the HSCT recipients
are described in Supplementary Table 1. No participants in
either cohort had a reported history of COVID-19 before en-
rollment or during the study, and no participants received intra-
venous immunoglobulin within 3 months of vaccination.

Eighteen participants (18 of 20) completed the first dose diary,
with reports of mild injection site pain (10 of 18 [55.6%]), mild
to moderate headache (3 of 18 [16.7%]), chills without fever (1
of 18 [5.6%]), mild to moderate fatigue (5 of 18 [27.8%]), and
gastrointestinal symptoms (2 of 18 [11.1%]) (Supplementary
Table 3). Eighteen participants (18 of 20) completed the second
dose diary, with reports of mild to severe injection site pain (10
of 18 [55.6%]), low-grade fever (2 of 18 [11.1%]), mild to se-
vere headache (4 of 18 [22.2%]), mild to severe fatigue (8 of 18
[44.4%]), gastrointestinal symptoms (3 of 18 [16.7%]), myalgias
(5 of 18 [27.8%]), and chills (3 of 18 [16.7%]). Participants who
did not complete the entries initially reported no severe events
during a follow-up safety call, and reactogenicity was collected
retrospectively. No participants were hospitalized or died
during the study period.

The anti-N titers were negative for both the Simoa and Roche
assays in all participants, indicating no SARS-CoV-2 infection
before or during the study in either cohort. The median titer
magnitudes of anti-S, anti-RBD, and anti-S1 IgG were all sig-
nificantly higher in the healthy than in the HSCT cohort at the
time of dose 2 (anti-S, 26.90 vs 1.11; anti-RBD, 11.53 vs 0.40;
anti-S1, 21.22 vs 0.91 normalized average enzymes per bead;
P <.001) and 28 days after series completion (anti-S, 65.70
vs 20.27; anti-RBD 90.04 vs 17.63; anti-S1, 136.39 vs 30.04
normalized average enzymes per bead; P < .001) for the Simoa
assay, with similar findings for the Roche assay (anti-S, 233.60
vs 1.02 U/mL before dose 2 and 4435.00 vs 205.05 U/mL after
series completion; both P < .001) (Figure 1).

The Spearman correlation between the Simoa and Roche as-
says for anti-S IgG/Ig was r = 0.89 (95% confidence interval,
.81-.94) for the HSCT cohort and r=0.92 (.87-.96) for the
healthy cohort (Supplementary Figure 1). All healthy partici-
pants had a positive anti-S antibody response after just 1 dose by
both assays. In contrast, only 58.5% (Simoa) or 52.9% (Roche)
of HSCT recipients responded after 1 dose. By 28 days after se-
ries completion, 75.0% (Simoa) or 80.0% (Roche) of the HSCT
recipients responded and had an increased magnitude titer
compared with the time of dose 2, suggesting that the second
dose is essential to achieve a more robust antibody response.
Interestingly, 5 HSCT recipients did not respond by series

completion with the Simoa assay, compared with 4 as measured
with the Roche assay. There was no clear trend based on the
clinical history in terms of donor type, time from transplanta-
tion, HLA match, graft-vs-host disease prophylaxis, or steroid
use among these nonresponders (Supplementary Table 2).

DISCUSSION

In summary, we described the SARS-CoV-2 mRNA vaccine-
induced responses from baseline through approximately 28
days after series completion in a cohort of allogeneic HSCT re-
cipients, using 2 serological assays with high concordance. Both
mRNA vaccines were well tolerated with limited reactogenicity.
Our data show that not all HSCT recipients mount a humoral
response (75.0% with the Simoa and 80.0% with the Roche
assay) 1 month after completing the vaccination series, which
aligns with other findings described for allogeneic HSCT re-
cipients [9].

Our study is unique in describing significantly lower mag-
nitude of response after both 1 and 2 doses, compared with a
healthy control group that had a 100% high-titer response.
While there may be a potential benefit of additional vaccine
doses for immunocompromised hosts [10, 11], there are likely
heterogenous host factors that affect response, as demonstrated
by the disparate disease characteristics and treatments in our
cohort. Allogeneic HSCT recipients who fail to produce anti-
bodies after vaccination may have specific B-cell pathway de-
fects that limit response, and thus additional doses may not
necessarily augment antibody production. Our results also
demonstrate the importance of orthogonal testing, especially
in populations whose host immune responses may be altered.
Without a clear reference standard established for SARS-CoV-2
antibody diagnostics, the discordant assay results (Simoa vs
Roche) observed for the individuals in our study could reflect
intrinsic differences in assay measurements or differences in
host factors. If future policies (eg, additional booster doses or
monoclonal antibodies) are based on antibody responses, the
assays chosen should best reflect the immune status of the indi-
vidual, with orthogonal testing perhaps the best approach.

Our study has limitations. We did not evaluate vaccine ef-
ficacy, and in the absence of a known correlate of protection,
protection against COVID-19 cannot be assessed solely from
immunogenicity data. The sample is small and is not powered
to detect significant differences in antibody response based on
vaccine type, age, or disease or treatment characteristics. Effects
of immunosenescence may have affected the results, since the
median age was older for the HSCT cohort. However, immu-
nogenicity data from the mRNA phase 1/2 trials demonstrated
high binding IgG and neutralization responses in healthy, older
individuals that were comparable to titers elicited by young adults
[12], and other studies have shown age-dependent decreased im-
munogenicity that was most significant in individuals >80 years
old [13, 14], whereas all of our participants were <80 years old.
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Figure 1. Anti—severe acute respiratory syndrome coronavirus 2 antibody results for allogeneic hematopoietic stem cell transplant (HSCT) recipients and healthy partici-
pants. A-D, Simoa assay titers for anti-N immunoglobulin (Ig) G (A), anti-S IgG (B), anti-S1 IgG (C), and anti—receptor-binding domain (RBD) IgG. £, £, Roche assay results for
anti-N (£) and anti-S (F) total immunoglobulin (lg) values at baseline (before vaccination), at dose 2, and 28 days after completion of the vaccine series. Thick horizontal bars
and error lines represent medians and interquartile ranges, respectively, and dotted lines represent cutoff thresholds for each assay (Simoa assay: 1.07 normalized average
enzymes per bead [AEB] for anti-S IgG and 5.2 normalized AEB for anti-N IgG [no thresholds determined for anti-RBD or anti-S1]; Roche assay: 0.8 U/mL for anti-S and 1.0
cutoff index [COI] for anti-N total immunoglobulin). All participants in the allogeneic HSCT and healthy cohorts had negative anti-N IgG (A) and anti-N total immunoglobulin
(E) results throughout the study. Pvalues represent comparisons between the allogeneic HSCT and healthy cohorts at dose 2 and 28 days after series completion. All tem-
poral values within the allogeneic HSCT or healthy cohort for anti-S, anti-S1, and anti-RBD (Simoa) and anti-S (Roche) represent significant differences (P < .001), indicating
a significant rise in antibody magnitude from baseline to the time of dose 2, and from dose 2 to 28 days after series completion.

Further larger studies should assess the humoral re-

sponse, neutralization titers, and clinical efficacy based on

specific clinical characteristics that are likely to affect the

immune system. A more in-depth understanding will aid

in optimization of vaccine strategies, which may include

specific timing after transplantation, additional vaccin-
ations at targeted intervals between immunosuppression
therapies, and/or deferring to other preventive options for
individuals who are unable to produce an endogenous hu-
moral response.
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Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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