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Objectives: Immunoglobulin (Ig) A antibodies are involved in mucosal immunity and eliminate pathogens
immediately at the point of entry. Vaccine-induced IgA antibodies could contribute to an additional layer
of protection against SARS-CoV-2 for infection-prone patients with cancer. This might be particularly rel-
evant for patients with cancer because they mount reduced IgG antibody titers after dual-dose BNT162b2
COVID-19 vaccination and even lower responses after double-dose ChAdOx1 vaccination than healthy in-
dividuals. However, data on vaccine-induced IgA antibodies are scarce, especially in patients with cancer.
Methods: This study compares SARS-CoV-2 anti-spike (S1) IgA antibodies after dual-dose BNT162b2
vs ChAdOx1 vaccination in patients with cancer. SARS-CoV-2 anti-S1 IgA antibodies were quantified in
serum samples collected 7 days after the second vaccination dose (N = 213) (IEQ-CoVS1RBD-IgA-1-RB
enzyme-linked immunosorbent assay kit, RayBiotech) and analyzed with colorimetric detection. In addi-
tion, correlations with different aspects of humoral immunity were assessed (neutralizing and IgG anti-
bodies).
Results:  Significantly lower anti-S1 IgA antibody titers were reported in patients with cancer after
dual-dose ChAdOx1 than BNT162b2 vaccination. Moreover, patients with cancer who received dual-dose
BNT162b2 vaccination had a significant 16.44-fold increased chance to mount detectable IgA antibodies
compared with patients receiving ChAdOx1 vaccination.
Conclusions: These findings highlight the potential role of boosters or alternative strategies to sustain
mucosal immunity.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords:
SARS-CoV-2
COVID-19 vaccination
IgA antibodies
Patients with cancer

Introduction immune defense against SARS-CoV-2 [3,5]. Although mucosal pro-

tection is primarily mediated by secretory IgA, serum IgA measure-

The importance of immunoglobulin (Ig) G antibodies in hu-
moral immunity against SARS-CoV-2 is well established [1]. In ad-
dition to IgG, IgA antibodies also play a role in protection against
SARS-CoV-2 infection [2]. IgA antibodies act as a first line of de-
fense and eliminate pathogens immediately at the point of entry
(e.g. respiratory and gastrointestinal tracts) [3]. In the context of
influenza, IgA serum levels have been correlated with the efficacy
of vaccination [4], and influenza-specific IgA are more effective in
preventing infections in mice and humans than influenza-specific
IgG [3]. Functional studies further highlight the strong neutralizing
capacity of IgA at epithelial surfaces, emphasizing its critical role in
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ments offer a practical and informative proxy for assessing vaccine-
induced responses when direct mucosal sampling is not feasible
[3]. Therefore, the level of IgA in serum may serve as an indicator
of the host immune response. As SARS-CoV-2 is evolving toward
an endemic virus, mapping all parts of the vaccination-induced im-
mune response, including IgA responses, becomes increasingly rel-
evant. We hypothesized that IgA responses are enhanced after vac-
cination, independent of vaccine type. However, the role of IgA an-
tibodies against SARS-CoV-2 remains unclear, with a lack of stud-
ies on IgA production upon COVID-19 vaccination, especially in the
context of patients with cancer who already have reduced SARS-
CoV-2 IgG antibody responses after COVID-19 vaccination com-
pared with healthy individuals [6], particularly, after ChAdOx1 vac-
cination [7]. Because patients with cancer frequently experience
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immunologic dysregulation as a result of the disease and the im-
munosuppressive effects of anti-neoplastic therapy, the presence of
IgA antibodies might be particularly relevant for this patient group.
This study maps vaccine-induced anti-spike (S1) IgA antibodies af-
ter dual-dose vaccination with BNT162b2 or ChAdOx1 in patients
with cancer receiving active anti-neoplastic treatment.

Methods

Blood samples 7 and 28 days post-second dose from 213 pa-
tients included in the prospective B-VOICE (EudraCT 2021-000300-
38) and Tri-VOICE plus (EudraCT 2021-003573-58) studies were
retrospectively analyzed within the current study Cellular and hu-
moral immune responses after COVID-19 Vaccination in cancER pa-
tients (CLOVER) (EC number 5460). Clinical data and data regarding
humoral immunity (SARS-CoV-2 anti-S1 IgG antibodies and in vitro
neutralizing antibody titers [NT50]) obtained within these stud-
ies [6,7] were used to assess correlations between different as-
pects of humoral immunity. All patients were assigned to a co-
hort based on the type of anti-neoplastic treatment they were re-
ceiving at time of the first vaccine dose administration. Data of
four different cohorts are reported: chemotherapy, immunotherapy,
targeted/hormonal therapy, and patients receiving treatment for
hematologic malignancies. Anti-S1 receptor binding domain (RBD)
SARS-CoV-2 IgA antibodies were assessed in serum samples col-
lected 7 days after the second vaccine dose administration. Sam-
ples were analyzed based on availability without previous strati-
fication by tumor type or treatment. IgA antibodies were quanti-
fied with an enzyme-linked immunosorbent assay (ELISA) by use
of the RayBio COVID-19 S1 RBD protein Human IgA ELISA kit (Ray-
Biotech). Serum samples were thawed on the day of analysis and
processed according to manufacturer instructions (IEQ-CoVS1RBD-
IgA-1-RB ELISA kit). Samples were analyzed in duplicate via colori-
metric detection at 450 nm, with an iMARK Microplate absorbance
reader (BioRad), connected to a computer equipped with the Mi-
croplate Manager 6 Software. A value greater than 21.4 U/ml was
considered positive. Log-transformed IgA titers were compared us-
ing a t test and a two-way analysis of variance with post hoc Tukey
test. Responders were compared with the use of the Fisher ex-
act test. A two-sided P <0.05 after Bonferroni-Holm correction for
multiple testing was considered statistically significant. All statisti-
cal analyses were performed using the statistical software program
R (version 4.3.2).

Results

Patients received dual-dose vaccination with an interval of 21
days (21 £ 2 days for 95% and 24-27 days for 5% of the patients)
for the BNT162b2 vaccine and 12 weeks (12 weeks + 10 days for
90% and 8-10 weeks for 10% of the patients) for the ChAdOx1
vaccine. The overall studied population was majorly female (149;
70.0%) and diagnosed with a solid tumor (187; 87.7%). Detailed
demographics of the enrolled patients are included In Table 1. In
our cohort of patients with cancer, we observed significantly lower
anti-S1 RBD SARS-CoV-2 IgA antibody titers after ChAdOx1 vacci-
nation (N = 57; geometric mean titer 12.17 U/ml [95% confidence
interval {CI} 10.84-13.67]) than BNT162b2 vaccination (n = 156;
geometric mean titer 52.02 U/ml [95% CI 41.19-65.69]) 7 days af-
ter second dose administration (P <0.001) (Figure 1a). After dual-
dose BNT162b2 vaccination, 96 (61.5%) patients had detectable an-
tibodies, compared with five (8.8%) after ChAdOx1 vaccination. This
indicates that patients that received dual-dose BNT162b2 vacci-
nation had a significant 16.44-fold increased chance to mount a
detectable IgA antibody response compared with patients receiv-
ing ChAdOx1 vaccination (P <0.001). A subanalysis of treatment
cohorts revealed significantly lower post-vaccination IgA antibody
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titers after ChAdOx1 than BNT162b2 vaccination in patients receiv-
ing targeted/hormonal therapy (12.44 U/ml [95% CI 10.03-15.43]
vs 91.09 U/ml [95% CI 69.08-120.10], P <0.001) and chemother-
apy (13.56 U/ml [95% CI 9.52-19.31] vs 33.66 U/ml [95% CI 21.95-
51.62], P = 0.034). In contrast, IgA antibody titers did not signifi-
cantly differ between both vaccine types in patients receiving im-
munotherapy and patients with hematologic malignancies, treat-
ment cohorts in which also BNT162b2 vaccination elicits very lim-
ited IgA antibodies (Figure 1b). Possible correlations between IgA
antibodies and other immunologic markers were also investigated.
Here, we describe correlations between immunologic markers af-
ter BNT162b2 vaccination because the low overall IgA titers after
ChAdOx1 vaccination limits interpretability in this cohort. Signif-
icant moderate correlations were observed between anti-S1 RBD
SARS-CoV-2 IgA and IgG antibodies on days 7 (r = 0.40, P <0.001,
Supplement Figure 1a) and 28 (r = 0.51, P <0.001, Supplement Fig-
ure 1b) after second dose respectively. In addition, a weak but sig-
nificant correlation was also observed between IgA antibody titers
and NT50 titers against the Wuhan-1 variant (r = 0.35, P <0.001;
Supplement Figure 1c), the main circulating variant at time of vac-
cination.

Discussion

BNT162b2 and ChAdOx1 vaccines can induce anti-S1 SARS-CoV-
2 IgG antibodies in patients with cancer [7]. However dual-dose
BNT162b2 elicits higher IgA antibody titers than ChAdOx1 vaccina-
tion. This difference might be explained by the different delivery
mechanisms and type of genetic material used in both vaccines.
It is important to note that certain anti-neoplastic therapies, in-
cluding chemotherapy and B-cell depleting agents, have also been
shown to impair humoral immune responses, including IgA pro-
duction [8]. Underlying mucosal dysfunction, often present in pa-
tients with cancer receiving radiotherapy or systemic treatments
[9], may also contribute to lower IgA titers. Although reduced IgG
antibody titers after ChAdOx1 vaccination in patients with cancer
have been previously described [7], to the best of our knowledge,
this is the first study to compare IgA responses after BNT162b2
messenger RNA and ChAdOx1 viral vector vaccination in patients
with cancer. A similar trend was observed in a study performed by
Selma-Royo et al., in which the presence of SARS-CoV-2-specific
IgA antibodies in breast milk was found to be dependent of the
vaccine type [10]. In addition, messenger RNA vaccination is as-
sociated with mucosal immunity in patients with cancer without
previous SARS-CoV-2 vaccination [11,12].

This study provides valuable insights; however, several limita-
tions should be considered. First, no baseline IgA levels were mea-
sured, despite the availability of baseline IgG levels. Although base-
line IgA levels could have provided additional context, they were
not assessed due to the established IgA-IgG correlation observed
by Abril et al. [13] and confirmed in this study, combined with
low baseline IgG levels that would likely result in many values
falling below the detection limit. Second, the unequal distribution
of vaccine types across treatment cohorts resulted in small sample
sizes for some subgroups, which could affect the power of certain
comparisons. Third, although serum IgA levels offer a practical and
informative proxy for mucosal immunity, it should be acknowl-
edged that they may not fully capture mucosal protection. Lastly,
although clinical correlates such as breakthrough infections would
provide valuable insights into vaccine efficacy, the study period co-
incided with a lockdown period. As a result, very few breakthrough
infections were reported [14] and further analysis of breakthrough
infections was not pursued.

The observed weak or absent IgA responses in certain treat-
ment cohorts highlights the need for tailored vaccination strategies
enhancing mucosal immunity to ensure optimal protection. Nev-
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Figure 1. Comparison of anti-S1 SARS-CoV-2 IgA antibody titers 7 days after the second vaccine dose administration. Boxplots of anti-S1 SARS-CoV-2 IgA antibody titers
7 days after the second dose administration in the entire study population (panel a) and in different treatment cohorts (panel b) per vaccine type (BNT162b2 in blue vs
ChAdOx1 in red). Each dot represents an individual IgA measurement. Anti-S1 RBD IgA antibody titers were quantified using the RayBio COVID-19 S1 RBD protein Human
IgA enzyme linked immunosorbent assay kit (RayBiotech). The measuring interval is 21.40-1000.00 U/ml. Values below the lower limit of quantification (LLQ) were imputed
half of it (10.70 U/ml), and values above the upper limit of quantifictaion (ULQ) were imputed 33% above the upper limit of detection (1330.00), with dotted lines indicating
LLQ and ULQ, respectively. Log transformed data are presented and analyzed using a t test (a) or two-way analysis of variance (b) with *indicating P <0.05. Color should not

be used for any figures in print.
GMT, geometric mean titer; Ig, immunoglobulin; RBD, receptor binding domain.

ertheless, it is important to note that although BNT162b2 induces
higher IgA antibody titers than ChAdOx1 vaccination, both vaccine
types have been shown to be effective in preventing severe COVID-
19. Lower IgA antibody titers induced by viral vector vaccines do

not necessarily translate to lower overall protection or vaccine ef-
ficacy; other immunologic aspects such as cellular immunity, also
play a crucial role in immunity. In addition, studies incorporating
mucosal sampling (e.g. nasal swabs) are required to enhance clini-
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Demographics: demographics of the patients at time of study enrolment.

ChAdOx1 (N = 57)

BNT162b2 (N = 156)  Overall (N = 213)

Gender

Female 35 (61.4%)
Male 22 (38.6%)
Age

Mean (SD) 57.9 (9.31)
Median [min, max] 60.0 [36.0, 75.0]
Tumor type

Hematologic malignancy 14 (24.6%)
Solid tumor 43 (75.4%)
Therapy

Chemotherapy 16 (28.1%)
Hematological treatment 14 (24.6%)
Immunotherapy 10 (17.5%)
Targeted/Hormonal therapy 17 (29.8%)

114 (73.1%) 149 (70.0%)

42 (26.9%) 64 (30.0%)

60.9 (12.0) 60.1 (11.4)

61.0 [31.0, 88.0] 61.0 [31.0, 88.0]
12 (7.7%) 26 (12.2%)

144 (92.3%) 187 (87.8%)

53 (34.0%) 69 (32.4%)

12 (7.7%) 26 (12.2%)

15 (9.6%) 25 (11.7%)

76 (48.7%) 93 (43.7%)

cal relevance and to further elucidate the role of IgA responses in
vaccine-induced protection.

Conclusion

Our results indicate that although IgA plays an important early
role in neutralizing SARS-CoV-2 [15], its levels after dual dose
are low in patients with cancer, especially after ChAdOx1 vaccina-
tion. These findings emphasize the need for boosters or alternative
strategies to sustain mucosal immunity. This knowledge is crucial
for guiding clinical decisions and public health policies regarding
vaccination protection strategies for patients with cancer.
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