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IMPORTANCE There are limited comparative data on the durability of neutralizing antibody
(nAb) responses elicited by messenger RNA (mRNA) vaccines against the SARS-CoV-2
variants of concern (VOCs) in immunocompromised patients and healthy controls.

OBJECTIVE To assess the humoral responses after vaccination with BNT162b2
(Pfizer-BioNTech) or mRNA-1273 (Moderna) vaccines.

DESIGN, SETTING, AND PARTICIPANTS In this prospective, longitudinal monocentric
comparative effectiveness study conducted at the Lausanne University Hospital, binding IgG
anti-spike antibody and nAb levels were measured at 1 week, 1 month, 3 months, and 6
months after vaccination with mRNA-1273 (24.6% of participants) or BNT162b2 (75.3% of
participants).

INTERVENTIONS All participants received 2 doses of either mRNA-1273 or BNT162b2 vaccines
4 to 6 weeks apart.

MAIN OUTCOMES AND MEASURES The primary outcome of the study was the persistence of
nAb responses against the original, nonvariant SARS-CoV-2 (2019-nCoV) and different VOCs
at 6 months after vaccination. Key secondary outcomes were associations of the type of
mRNA vaccine, the underlying disease, and the treatment with the response to vaccination.

RESULTS Among the 841 participants enrolled between January 14 and August 8, 2021, the
patient population comprised 637 participants (mean [SD] age, 61.8 [13.7] years; 386
[60.6%] female), and the healthy control population comprised 204 participants (mean [SD]
age, 45.9 [12.0] years; 144 [70.6%] female). There were 399 patients with solid cancers, 101
with hematologic cancers, 38 with solid organ transplants, 99 with autoimmune diseases,
and 204 healthy controls. More than 15 000 nAb determinations were performed against the
original, nonvariant 2019-nCoV and the Alpha, Beta, Gamma, and Delta variants. The
proportions of nAbs and their titers decreased in all study groups at 6 months after
vaccination, with the greatest decreases for the Beta and Delta variants. For Beta, the
proportion decreased to a median (SE) of 39.2% (5.5%) in those with hematologic cancers,
44.8% (2.7%) in those with solid cancers, 23.1% (8.3%) in those with solid organ transplants,
and 22.7% (4.8%) in those with autoimmune diseases compared with 52.1% (4.2%) in
healthy controls. For Delta, the proportions decreased to 41.8% (5.6%) in participants with
hematologic cancer, 51.9% (2.7%) in those with solid cancers, 26.9% (8.7%) in those with
solid organ transplants, and 30.7% (5.3%) in those with autoimmune diseases compared with
56.9% (4.1%) healthy controls. Neutralizing antibody titers decreased 3.5- to 5-fold between
month 1 and month 6, and the estimated duration of response was greater and more durable
among those participants vaccinated with mRNA-1273. In participants with solid cancers, the
estimated duration of nAbs against the Beta variant was 221 days with mRNA-1273 and 146
days with BNT162b2, and against the Delta variant, it was 226 days with mRNA-1273 and 161
with BNT162b2. The estimated duration of nAbs in participants with hematologic cancers was
113 and 127 days against Beta and Delta variants, respectively.

CONCLUSIONS AND RELEVANCE This comparative effectiveness study suggests that
approximately half of patients with hematologic cancers and solid cancers, about 70% of
patients with solid organ transplants or autoimmune diseases, and 40% of healthy controls
have lost nAbs against the circulating VOCs at 6 months after vaccination. These findings may
be helpful for developing the best boosting vaccination schedule especially in
immunocompromised patients.
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Immunocompromised patients with solid tumors, hema-
tologic cancers, or autoimmune diseases and recipients
of solid organ transplants are at higher risk of developing

SARS-CoV-2–associated complications and higher risk
of death.1-6 Immune responses after receipt of SARS-CoV-2
messenger RNA (mRNA) vaccines7,8 have been found to be
decreased in these groups of patients because of the use
of immunosuppressive agents such as methotrexate,9

antimetabolites,2,10 Bruton tyrosine kinase inhibitors,11 Bcl-2
antagonists,11 or anti-CD20 therapy.12-14 Recent studies indi-
cate that SARS-CoV-2 variants of concern (VOCs) may de-
crease vaccine-induced protective immunity,15 increase
transmissibility,16,17 lead to resistance to human monoclonal
antibodies, and decrease sensitivity to convalescent plasma and
sera among vaccinated individuals.18-24 Furthermore, the VOCs
increase the risk of breakthrough infections among health care
workers.25 In a study by Abu-Raddad et al, the incidence of
breakthrough infections appeared to accelerate with time af-
ter the second dose of vaccine among those with no prior in-
fection, suggesting a waning of vaccine-induced immunity over
time.26

Waning of binding IgG anti-spike (anti-S) antibody levels
and neutralizing titers occurs at 3 and 6 months after vacci-
nation among healthy controls15,27-29 and health care workers.30

A study by Eliakim-Raz et al found that binding IgG anti-S
titers were significantly lower in patients with cancer com-
pared with those in healthy controls, suggesting a faster
decrease of the humoral response in these patients.31 Among
the VOCs, the Beta variant had the lowest response to the
BNT162b2 vaccine (Pfizer-BioNTech) and a higher resistance
to convalescent or vaccine sera.22,32,33 These studies have raised
concern for immunocompromised individuals, and limited data
are available on the durability of neutralizing antibody (nAb)
responses against the VOCs in these patients.

In this study (the ImmunoVax study), we sought to char-
acterize the humoral response, as measuring both binding IgG
antibodies and nAbs, against the original, nonvariant
SARS-CoV-2 (2019-nCoV) and the Alpha, Beta, Gamma, and
Delta variants and the durability of the humoral response at 6
months after vaccination.

Methods
Study Design and Population
Between January 14 and August 8, 2021, participants were en-
rolled in the ImmunoVax study, a single-center, prospective,
longitudinal comparative effectiveness study of immunocom-
promised patients with solid cancers, hematologic cancers, au-
toimmune diseases, or solid organ transplants and healthy con-
trols who received 2 doses of mRNA COVID-19 vaccines. All
participants gave written informed consent. All participants
with positive serological test results indicative of past
SARS-CoV-2 infection at baseline were excluded from the im-
munologic analyses. Laboratory personnel were blinded to the
origin of samples (study group and time of the collection). The
study was approved by the institutional review board of the
Lausanne University Hospital and is registered with the local

ethics committee. This study follows the International Soci-
ety for Pharmacoeconomics and Outcomes Research (ISPOR)
reporting guideline.34

Serologic Assays and Procedures
Participants received 2 doses of BNT162b2 or mRNA-1273 (Mod-
erna) administered intramuscularly 19 to 131 days apart (mean
[SD] 31.8 [7.0] days) or a single dose if participants had had a
previous SARS-CoV-2 infection (12 participants). Binding IgG
anti-S and anti-nucleocapsid antibody and nAb levels were de-
termined using 2 Luminex (Luminex Corp)-based assays re-
cently developed in our laboratory.35,36

Outcomes
The co-primary outcomes were seroconversion, as shown by
the detection of binding IgG anti-S antibodies, and nAb re-
sponses against the VOCs in the study groups after vaccina-
tion with BNT162b2 or mRNA-1273 vaccine. The secondary out-
come was safety after each vaccine dose, measured according
to adverse events.

Statistical Analysis
Spike–angiotensin-converting enzyme 2 half maximal inhibi-
tory concentration (IC50) dilution values and binding IgG anti-S
antibody ratios were log10 transformed for visualization and
statistical modeling. Differences in anti-S nAbs IC50 dilution
values and binding IgG anti-S antibody ratios between groups
(ie, study groups or vaccine type) were tested using linear re-
gression models for individual time points (at 1 month and 3
months after the second dose of vaccine) and adjusting for age
(<60 or ≥60 years) and sex. When comparing responses across
time points, a mixed effects model with a subject random ef-
fect was used instead. Resulting P values were adjusted for mul-
tiple testing using the Benjamini-Hochberg false discovery rate.
Tests were 2-tailed, with an adjusted P < .05 considered sta-
tistically significant. The proportions of individuals with nAbs
(anti-S nAbs IC50 dilution values ≥0) were calculated by tak-
ing into account patients scored as IgG negative (IgG anti-S an-
tibody ratio values <5.19 U/mL) for which no neutralization

Key Points
Question Are there differences in the magnitude and durability of
neutralizing antibody (nAb) responses against SARS-CoV-2
variants of concern (VOCs) according to the mRNA-1273
(Moderna) and BNT162b2 (Pfizer-BioNTech) vaccines?

Findings In this comparative effectiveness study of 637
immunocompromised patients and 204 healthy control
participants who received 2 doses of messenger RNA COVID-19
vaccines, nAb responses against the Beta and Delta variants were
short lived (3 to 7 months) compared with original, nonvariant
SARS-CoV-2 and other variants. Higher nAb titers and longer
durability of humoral responses were associated with vaccination
with the mRNA-1273 vaccine.

Meaning The faster disappearance of the nAb responses in
certain groups of immunocompromised patients suggests that
boosting vaccine strategies need to be personalized to the
underlying disease.
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tests were performed. Error bars for proportions were calcu-
lated as [p(1 − p)/n]1/2, where p is the proportion and n is the
number of samples.

Summary statistics for binding IgG and neutralizing anti-
bodies, such as median and 95% CIs for the median were cal-
culated on nontransformed data. The binding IgG and neu-
tralizing antibody durations (in days after second dose) were
estimated with linear regression models using time as con-
tinuous covariate: y = b0 + b1 time.

For each response variable (binding IgG and neutralizing
antibodies), we estimated the intercept (b0 coefficient) and the
slope (b1). The model coefficients were used to estimate the
time at which the level of response variable was equal to the
cutoff of positivity; that is, 50 for nAbs and 5.19 for binding
IgG antibodies: time = (y − b0)/b1.

To determine the 80% CIs for the estimated time at
which the antibody level data fall below the lower limit, a
bootstrapping approach was used to randomly resample
10 000 times (with replacement) the neutralization titers or
IgG ratios. These randomly generated samples from the
original data were used to fit the model and estimate the
10% and 90% quantiles used to define an 80% CI. We
decided to use an 80% CI to improve visibility (eTable 5 in
the Supplement). Otherwise, the intervals could be quite
wide, extending the right range of the figure where no data
are observed. These CIs are simply used to summarize the
uncertainty associated with each point estimate and are not
use for statistical inference. The differences in the number
of safety events per vaccine type were evaluated using the
Fisher exact test. Statistical analysis was performed using R
software, version 4.1.1 (R Foundation for Statistical Comput-
ing). Further details of the statistical analysis are found in
eMethods in the Supplement.

Results
A total of 887 participants were enrolled in this prospective lon-
gitudinal comparative effectiveness study. After exclusions (43
patients withdrew from the study, and 3 could not be ana-
lyzed), the patient population comprised 637 participants
(mean [SD] age, 61.8 [13.7] years [range, 19.4-92.5 years]; 386
[60.6%] female and 251 [39.4%] male; The healthy control
population comprised 204 participants (mean [SD] age, 45.9
[12.0] years [range, 24.4-85.5 years]; 144 [70.6%] female and
60 [29.4%] male) (eFigure 1 in the Supplement). Information
on the different treatments is provided in eTable 2 in the
Supplement. Among the 637 patients, 399 patients (62.6%)
were diagnosed with solid cancers, 101 patients (15.9%) had
hematologic cancers, 99 patients (15.5%) had autoimmune dis-
eases, 38 patients (6.0%) received solid organ transplants.
Three hundred and ninety-one patients (61.4%) were under-
going active systemic treatment at the time of vaccination: 200
patients (31.4%) with solid cancers, 57 (8.9%) with hemato-
logic cancer, 96 (15.1%) with autoimmune diseases, and 38
(6.0%) with solid organ transplants. The pathological condi-
tions and treatments are detailed in eTables 1 and 2 in the
Supplement.

Blood samples were collected at baseline before the first
vaccine dose (visit 1) and at 1 week (visit 2), 1 month (visit 3), 3
months (visit 4), and 6 months (visit 5) after vaccination.
Among the 841 active participants, 54 participants (12 healthy
controls, 6 with solid organ transplants, 7 with hematologic
cancer, 7 with autoimmune diseases, and 22 with solid can-
cers) having a positive serologic test result for binding IgG an-
tibodies at visit 1, indicative of prior and/or ongoing SARS-
CoV-2 infection, remained in the study but were excluded from
the immunologic analyses. A total of 631 patients (75.3%) re-
ceived BNT162b2, and 207 (24.6%) received mRNA-1273; in-
formation for 3 participants was unknown (eTable 1 in the
Supplement). Five participants (0.6%: 2 healthy controls, 2 with
autoimmune diseases, and 1 with solid cancer) were diag-
nosed with SARS-CoV-2 infection during the study. The in-
terim results of the humoral response for participants up to visit
5 are reported in the present study, including data obtained up
to December 18, 2021. At the time of analysis, 772 partici-
pants were included for immunologic analyses, and 748 par-
ticipants had completed visit 2, 751 had completed visit 3, 720
had completed visit 4, and 676 had completed visit 5.

The analyses of the antibody responses after vaccination
were adjusted for age and sex. The ranges for the collection of
blood after the second dose of vaccine across the study groups
were 31 or 32 days at visit 3, 92 or 93 days at visit 4, and 185 to
187 at visit 5 (because there were no significant differences in
the humoral response between visit 2 and visit 3, the re-
sponses at visit 3, visit 4, and visit 5 are shown). At 1 month
after the second vaccine dose among 100% of the healthy con-
trols, 100% of participants with untreated solid cancers and a
median (SE) 98.3% (1.0%) of participants with treated solid can-
cers and 95.0% (3.40%) of participants with untreated hema-
tologic cancer had positive diagnostic results for binding IgG
anti-S antibodies (eFigure 2A in the Supplement). The me-
dian (SE) percentages were lower among the participants with
solid organ transplants (65.5% [8.8%]), autoimmune dis-
eases (81.8% [1.0%]), and treated hematologic cancers (86.0%
[04.9%]). Of note, the levels of binding IgG anti-S antibodies
were significantly lower in the participants with solid organ
transplants (median, 81.1 U/mL; 95% CI, 1.9-527.9 U/mL), au-
toimmune diseases (median, 1623.9 U/mL; 95% CI, 882.1-
2309.7 U/mL), and treated hematologic cancers (median, 1383.0
U/mL; 95% CI, 582.7-2224.2 U/mL) compared with the healthy
controls (median, 1900.4 U/mL; 95% CI, 1816.1-2119.8) (P < .001
for all) (eFigure 2B in the Supplement), whereas the levels were
not significantly different between the mRNA-1273 and
BNT162b2 vaccines (eFigure 2C in the Supplement).

We next determined the nAb responses to vaccination
against 2019-nCoV and the Alpha, Beta, Gamma, and Delta vari-
ants using a cell- and virus-free assay recently developed in
our laboratory35 cross-validated with the criterion standard live
virus assay. Almost the totality of healthy controls had nAbs
against 2019-nCoV and the different variants (ranging from a
median [SE] of 95.7% [1.49%] to 100% [0%]) (eFigure 3 in the
Supplement) at 1 month after vaccination. The median (SE) pro-
portions of responders at 1 month after vaccination were
slightly lower in participants with untreated (range, 84.9%
[2.73%]-98.3% [0.99%]) and treated solid cancers (range, 80.1%
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[3.01%] to 94.3% [1.75%]), lower in those with untreated he-
matologic cancer (range, 82.9% [5.88%] to 92.7% [4.06%]), and
still lower in participants with treated hematologic cancers
(range, 49.0% [7.14%] to 67.3% [6.70%]), participants with au-
toimmune diseases (range, 48.2% [5.42%] to 70.6% [4.94%]),
and participants with solid organ transplants (range, 17.2%
[7.01%] to 37.9% [9.01%]) (Figure 1; eFigure 3 in the Supple-
ment). At 3 months after vaccination, the percentages of in-
dividuals with nAb responses against the Beta and Delta vari-
ants decreased in all study groups and decreased substantially
in the treated groups: median (SE), 39.2% (6.84%) for Beta and
47.1% (6.99%) for Delta in participants with treated hemato-
logic cancers, 67.2% (3.50%) for Beta and 71.1% (3.38%) for
Delta in participants with treated solid cancers, 32.5 (5.24%)
for Beta and 38.8% (5.45%) for Delta in participants with au-
toimmune diseases, and 9.7% (5.32%) for Beta and 16.1%
(6.60%) for Delta in participants with solid organ transplants
(Figure 1; eFigure 3 in the Supplement).

We subsequently evaluated the magnitude of the nAb re-
sponses as measured by IC50 dilutions greater than 50, the cut-

off for a positive diagnostic test result. At 1 month and 3 months
after vaccination, the IC50 titers against 2019-nCoV were sig-
nificantly lower in participants with solid organ transplants,
autoimmune diseases, treated hematologic cancer, and un-
treated solid cancers compared with the other groups.

For example. at 1 month after vaccination, the IC50 titers
against 2019-nCoV were significantly lower in participants with
solid organ transplants (median, 16.5; 95% CI, 8.5-68.1; P <
.001), autoimmune diseases (median, 208.3; 95% CI, 164.4-
373.5; P = .02), treated hematologic cancers (median, 255.4;
95% CI, 136.2-431.3; P = .02), and untreated solid cancers (me-
dian, 465.1; 95% CI, 406.4-529.3; P = .02) compared with
healthy controls (median, 531.9; 95% CI, 483.1-584.4), un-
treated hematologic cancers (median, 490.4; 95% CI, 290.5-
707.3), and treated solid cancers (median, 475.9; 95% CI,
401.2-551.2).

Similarly,the IC50 titers against the Delta variant were sig-
nificantly lower in participants with solid organ transplants
(median, 10.2; 95% CI, 3.5-16.5; P < .001), autoimmune dis-
eases (median, 64.4; 95% CI, 36.4-80.5; P < .001), treated he-

Figure 1. Percentages of Participants With Neutralizing Antibody (nAb) Responses at 1 Month and 3 Months After the Second Vaccine Dose
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matologic cancers (median, 77.1; 95% CI, 36.1-143.3; P < .001)
compared with healthy controls (median 197.1; 95% CI, 183.2-
216.4), untreated solid cancers (median, 163.5; 95% CI, 142.4-
185.1), treated solid cancers (median, 172.3; 95 CI, 134.3-
188.5), and untreated hematologic cancers (median, 178.5; 95%
CI, 129.2-253.1) (eTable 3 in the Supplement).

The IC50 titers against the Beta and Delta variants were
about 3- to 4-fold lower compared with those against 2019-
nCoV in all groups, with significant decreases (1.7- to 2.5-
fold) in all the VOCs titers observed between month 1 and
month 3 in all patient groups (with the exception of partici-
pants with solid organ transplants) (Figure 2; eFigure 4 in the
Supplement). These responses were differentially associated
with B-cell–depleting therapies and other classes of potent im-
munosuppressive agents, and there was a trend toward bet-
ter humoral responses in participants younger than 65 years
and in female participants (eTable 4 in the Supplement).

The IC50 titers against 2019-nCoV and the VOCs were con-
sistently higher (3.0- 4.0-fold) in the participants vaccinated
with the mRNA-1273 vs BNT162b2 in all study groups at 1 month
and 3 months after vaccination (Figure 3; eFigure 5 in the

Supplement). To appreciate further the differences between
the 2 mRNA vaccines, nAb responses were stratified on the
basis of different IC50 titers. Of note, the percentage of indi-
viduals with IC50 titers lower than 50 (negative response) was
higher in those vaccinated with BNT162b2 (eFigure 6 in the
Supplement).

A fraction of participants (n = 661) with matched samples
at 1 month, 3 months, and 6 months were analyzed for nAbs
at 6 months after vaccination. The percentage of individuals
with IC50 titers lower than 50 decreased substantially against
the Beta and Delta variants (range, 22%-30%) at 6 months in
the participants with solid organ transplants and autoim-
mune diseases (eFigure 7 in the Supplement). The decrease was
more contained in the groups with hematologic cancers (me-
dian [SE], 39.2 [5.5%] for Beta and 41.8 [5.6%] for Delta), and
solid cancers (44.8 [2.7%] for Beta and 51.9% [2.7%] for Delta)
(Figure 4) and in the healthy controls (52.1 [4.2%] for Beta and
56.9 [4.1%] for Delta) (eFigure 7 in the Supplement).

We then determined the time to negative diagnostic lev-
els of binding IgG anti-S antibodies (<5.19 U/mL) and nAbs (IC50

titers <50). A linear regression model using time as continu-

Figure 2. Levels of Neutralizing Antibody (nAb) Responses at 1 Month and 3 Months After the Second Vaccine Dose
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ous covariate (number of days after vaccination) was used for
generating estimates. Among the different groups with
matched data available at 1 month, 3 months, and 6 months
after vaccination, 278 participants with solid cancers, 49 with
hematologic cancers, and 101 healthy controls received
BNT162b2, whereas 78 participants with solid cancers, 30 with
hematologic cancers, and 43 healthy controls received mRNA-
1273. Separate analysis between the 2 vaccines within the each
group was performed only in participants with solid cancers
and healthy controls because of the limited number of par-
ticipants in the other groups, and no analysis was possible in
participants with solid organ transplants and autoimmune dis-
eases. The time to negative diagnostic level of binding IgG anti-S
antibodies was estimated to be 1055 days in participants with
solid cancers vaccinated with the mRNA-1273 vaccine and 578
days in those vaccinated with the BNT162b2 vaccine (eFig-
ure 8 and eTable 5 in the Supplement).

The estimated time to negative diagnostic level of nAbs was
much shorter compared with binding IgG antibodies (Figure 5;
eFigure 8 in the Supplement); the times to IC50 titers lower than
50 against 2019-nCoV were 286 and 226 days in participants with
solidcancersvaccinatedwithmRNA-1273andBNT162b2,respec-
tively.TheshortestestimateddurationsofresponsefornAbswere
observed against the Beta variant (221 days with mRNA-1273 and
146 days with BNT162b2) and against the Delta variant (226 days
with mRNA-1273 and 161 with BNT162b2). The estimated dura-
tions of responses for nAbs against the Alpha and Gamma vari-
antswereslightlyshorterthanagainst2019-nCoV(Figure5A;eFig-
ure 8 in the Supplement). Overall, the estimates of the duration
ofbindingIgGandneutralizingantibodyresponsesinhealthycon-
trols were similar to those in participants with solid cancers (eFig-
ure 9 in the Supplement). The estimated duration of both bind-
ingIgGandandneutralizingantibodieswasshorterinparticipants
with hematologic cancers (Figure 5B; eFigure 10 in the Supple-

Figure 3. Levels of Neutralizing Antibody (nAb) Responses After the Second Dose of the mRNA-1273 or BNT162b2 Vaccine
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ment), with 592 days for binding IgG anti-S antibodies, 208 days
fornAbsagainst2019-nC0V,and113and127daysagainstBetaand
Delta variants, respectively.

Of note, there was a 4.4- to 5.1-fold decay rate in nAbs be-
tween 1 month and 6 months for 2019-nCoV and the Alpha and
Gamma variants and a 3.5-fold decay rate for the Beta and Delta
variants and a 4.5- to 5.4-fold decay rate for binding IgG anti-
bodies (eTable 3 in the Supplement). The type of vaccine and
the underlying disease did not appear to have any influence
on the decay rate.

Adverse event analyses are provided for 839 partici-
pants, collected at visits 2 and 3. The reactogenicity was gen-
erally mild or moderate with no severe or grade 4 symptoms
reported or serious adverse events or deaths. As reported
previously,7,8 the local reactogenicity was similar after the first
and second dose, whereas systemic reactogenicity was more
common and severe after the second dose. At visit 2, 82.5%
of participants reported local and 67.5% reported systemic re-
actions after mRNA-1273 (eFigure 11A in the Supplement) vs
63.4% and 49.7%, respectively, after BNT162b2 (eFigure 11B
in the Supplement). Overall, reactogenicity events were tran-
sient and resolved within a few days. Only 30 participants re-
ported persistent reactions at visit 3, especially fatigue (11 par-
ticipants), headache (7 participants), and persistent
lymphadenopathy (2 participants). For local reactogenicity,
more mRNA-1273 than BNT162b2 recipients reported pain
(74.3% vs 59.2%), redness (14.6% vs 3.6%), and swelling (12.6%
vs 2.8%) (eFigure 11A in the Supplement). Similarly, more
mRNA-1273 recipients reported systemic reactions, includ-
ing fatigue (36.9% vs 26.6%), fever (36.4% vs 9%), muscle pain
(34.5% vs 13%), headache (28.6% vs 15.3%), joint pain (13.6%
vs 7.1%), nausea (9.2% vs 4.9%), chills (6.8% vs 3.2%), and vom-
iting (3.4% vs 1.1%). No myocarditis or anaphylactic reactions
were been reported (eFigure 11B in the Supplement).

Discussion

In this comparative effectiveness study, we found that nAb IC50

titers were up to 4-fold lower against the Beta and Delta vari-
ants at 1 month after the second dose of vaccine, and we found
a continuous waning of the nAbs over 6 months15,28,29,31 and
a shorter duration of the responses against Beta and Delta vari-
ants vs 2019-nCoV.

Owing to the complexity of the pseudovirus and/or live vi-
rus neutralization assays, it has been proposed that binding IgG
anti-S antibodies provide insights on the persistence of nAbs
over time.37,38 However, in our study the estimated duration
of the binding IgG anti-S antibodies was about 5- to 6-fold lon-
ger compared with nAbs depending on the type of vaccine in
the different study groups. In contrast, the duration of nAbs
against 2019-nCoV was estimated to be 8 to 9 months and only
3 to 6 months against the Beta and Delta variants. Therefore,
binding IgG anti-S antibodies may not reflect the long-term per-
sistence of nAbs against the VOCs.

Of note, nAb responses were of substantially greater mag-
nitude and longer duration (7 to 9 weeks) after vaccination with
the mRNA-1273 compared with the BNT162b2 vaccine in all
study groups. The differences are likely associated with the
higher concentration (greater than 3-fold) of mRNA-1273 com-
pared with the BNT162b2 vaccine. Our results further sup-
port the recent findings of a study that included a small num-
ber of healthy donors (31 participants) that found greater
responses with the mRNA-1273 vaccine.37

In contrast to immune checkpoint inhibitors, endocrine
therapy, biologic disease-modifying antirheumatic drugs, or
targeted therapies, treatments with anti-CD20 antibodies,
Bruton tyrosine kinase inhibitors, Bcl-2 antagonists, anti-
CD38 therapy, or antimetabolites have been associated with

Figure 4. Percentages of Participants With Neutralizing Antibody (nAb) Responses at 1 Month,
3 Months, and 6 Months After the Second Vaccine Dose
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impaired response to vaccination, as shown in previous
studies.11-14,39 Our study suggests that the immunocompro-
mised patients mostly affected are those with solid organ trans-
plants, followed by patients with autoimmune diseases and he-
matologic cancers. Vaccine-induced immune responses in
patients with solid cancers were similar overall to those in
healthy participants, likely owing to a better function of the
immune system and the lack of treatments with B-cell–
depleting therapies or other potent immunosuppressive agents.

Strengths and Limitations
This study has several strengths. To our knowledge, it has the
largest collection of immunocompromised individuals stud-
ied for response to COVID-19 vaccination and for the durabil-
ity of the humoral response. It is also the first study, to our
knowledge, to evaluate the vaccine-induced antibody re-
sponses against the original 2019-nCoV and the VOCs and pre-
sents the largest number of determinations of nAbs induced
by vaccination (approximately 15 000). This large data set has

been important for generating the estimates of the durability
of the antibody responses against the different VOCs among
the different groups of immunocompromised patients.

This study also has limitations. A main limitation of our
study is that it is not suitable for determining the threshold ti-
ters of nAbs conferring protection from infection because of
its size and the length of the follow-up. Other limitations are
the lack of assessment of the associations of the underlying
disease and therapy with the vaccine-induced T-cell immu-
nity as well as of individual therapeutic agents with the vaccine-
induced antibody responses.

Conclusions
The ImmunoVax comparative effectiveness study found
substantial differences in waning of the nAb responses
against 2019-nCoV vs the VOCs. The proportions of partici-
pants with positive nAbs and antibody titers were signifi-

Figure 5. Estimates of the Duration of Neutralizing Antibody (nAb) Responses for Both Vaccines
at 6 Months After the Second Vaccine Dose
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cantly lower in the responses against the Beta and Delta
variants. Likewise, the durability of these responses against
the Beta and Delta variants over 6 months was much
shorter. Of note, the estimated durability in days of binding
IgG anti-S antibodies surpassed by 4.0- to 9.0-fold that
of nAbs against 2019-nCoV and the VOCs. Also of note,

mRNA-1273 was associated with humoral responses of
greater magnitude and longer duration than BNT162b2.
Therefore, these findings may have important implications
for personalizing the vaccination-boosting strategies to the
underlying disease and informing the choice of the best vac-
cine for vulnerable populations.
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