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Abstract: We assessed SARS-CoV-2 anti-spike immunoglobulin G (anti-S-IgG) levels among health-
care workers (HCWs) after BNT162b2 vaccination. The anti-S-IgG titers of study participants were
measured every three months, a week before, and three weeks after each vaccination. This study
compared the short-term immune response to the second vaccination in four HCWs who received
the first two doses six months apart (due to acute allergic-like adverse events after the first dose),
with that of six HCWs who received the first two doses three weeks apart, according to the standard
schedule. The four HCWs who experienced acute allergic-like adverse events after the first vaccina-
tion took antihistamines before the second vaccination. None of them experienced an allergic-like
reaction after the second vaccination, and the short-term immune response to the second vaccination
was similar in both groups.

Keywords: SARS-CoV-2; BNT162b2 mRNA vaccine; immune response; adverse event; healthcare
workers

1. Introduction

Healthcare workers (HCWs) are at high risk of contracting Coronavirus disease
2019 (COVID-19) due to occupational exposure to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1]. In the first quarter of 2021, the Japanese government
launched a mass COVID-19 vaccination campaign using the BNT162b2 (Comirnaty, Pfizer-
BioNTech, NY, USA) vaccine. The mRNA-1273 (Spikevax, Moderna, Cambridge, MA, USA)
and ChAdOx1-S (Vaxzevria AstraZeneca, Cambridge, UK) vaccines were added subse-
quently [2].

BNT162b2 is an mRNA vaccine encoding a full-length spike protein of SARS-CoV-2
(SARS-CoV-2 S) [3]. Its efficacy against severe COVID-19 was reported to be >90%; however,
it has been found that the efficacy peaks within two months after the administration of
a second dose and then declines [4]. Despite its high efficacy, breakthrough infections
have been reported among HCWs who received two or more doses of the BNT162b2
vaccine [5], thereby making it necessary to administer booster doses to sustain protection.
Individuals who experienced acute allergic-like reactions (AALR) to vaccines are often
hesitant to receive further doses, and healthcare providers are cautious about vaccinating
such individuals.

This study compared the immune response to the second vaccination in four HCWs
who received the first two doses six months apart (due to acute allergic-like adverse events
after the first dose), with that of six HCWs who received the first two doses three weeks
apart according to the standard schedule.
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2. Materials and Methods

Before introducing the BNT162b2 vaccine, HCWs at the Gunma Prefectural Cancer
Center (GPCC) in Ota City, Gunma, Japan, were invited to participate in a prospective
cohort study to monitor their immunological status against SARS-CoV-2. Six HCWs
enrolled in the study. They subsequently received three doses of the BNT162b2 vaccine.
The first two doses were administered three weeks apart and a third dose was administered
six months after the second dose.

An additional four HCWs who had experienced AALR after receiving the first dose
of the vaccine subsequently joined the study prior to receiving the second dose. AALR
was defined according to the World Allergy Organization criteria [6]. The clinical criteria
for diagnosing AALR were illness with involvement of skin, mucosal tissue, respiratory
compromise, change in blood pressure, associated symptoms of end-organ dysfunction,
or persistent gastrointestinal symptoms. These four participants were administered a
second dose of vaccine six months after the first dose, with 50 mg oral diphenhydramine
administered 30 min before vaccination to prevent AALR [7].

Serum was collected from the study participants at four distinct time points: (1) at the time
of enrollment, (2) every 3 months after enrollment, (3) a week before, and (4) 2–3 weeks after
each vaccination. The serum samples were stored at −35 ◦C and tested for SARS-CoV-2 anti-
spike (S) IgG using a commercial chemiluminescence enzyme immunoassay (SARS-CoV-2
S-IgG reagents, Fujirebio, Tokyo, Japan). This test had a specificity of 100 and a 98.7%
concordance with the Abbott SARS-CoV-2 S-IgG assay (Abbott Japan LLC, Tokyo, Japan) [8].
If COVID-19 infection was suspected during the study period, participants were tested
for SARS-CoV-2 via nasopharyngeal swab samples using a polymerase chain reaction test
(ID NOW COVID-19, Abbott Japan LLC) [8]. We did not evaluate cellular immunogenicity
and cytokines other than SARS-CoV-2 anti-spike immunoglobulin G in this study.

This study was registered in the University Hospital Medical Information Network
Center Clinical Trials Registry (UMIN000040679) and was approved by the GPCC Institutional
Review Board (IRB# 405-03030). The study was conducted according to the guidelines of the
Declaration of Helsinki. Written informed consent was obtained from all the participants
prior to the commencement of the study.

Geometric mean titer (GMT) and geometric mean fold rise (GMFR) after the second
dose of vaccine were the primary outcomes. Statistical analysis was performed using EZR
software (EZR) [9]. Mann-Whitney U test was used to assess the statistical significance of
differences in the mean and median antibody titers, according to the group. Two-sided
p values < 0.05 were considered statistically significant.

3. Results

The characteristics of the four HCWs who experienced AALR to the first dose of the
vaccine are presented in Table 1. These four participants experienced grade 1 adverse
events (AEs) according to the World Allergy Organization Anaphylaxis Guidance 2020 [6].

Table 1. Characteristics of the four healthcare workers who experienced acute allergic-like reactions
to the first dose of BNTb2 vaccine.

Study ID Sex Age
(Years) Comorbidities Medical History Medication Adverse Event Following BNT162b2

Vaccination

GCC-07 F 59 None Hypertension,
peptic ulcer None

Sore throat, arthralgia, chills, diarrhea,
injection site reaction, fatigue,
discomfort, headache

GCC-08 F 54 None Pollinosis,
drug allergy

Methylcobalamin,
Chinese medicine

Increased blood pressure, oral
mucositis, abdominal pain, diarrhea,
headache, numbness in limbs, loose
stool, eczema, fever

GCC-09 F 48 None Nephrotic syndrome,
pollinosis None Sore throat, fatigue

GCC-10 F 57 None Idiopathic sudden
sensorineural hearing loss None Fatigue, headache, inflammation at the

injection site
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None of the initial six participants showed detectable levels of anti-S-IgG antibodies
before the administration of the first dose of the vaccine (Supplemental Table S1). Changes
in anti-S-IgG titers after the administration of the second dose are shown in Tables 2 and 3
and Figure 1. In individuals who received the second dose of the vaccine three weeks and
six months after the first dose, GMT values recorded 1–3 weeks after the administration of
the second dose were 7.22 arbitrary units (AU) and 8.26 AU, respectively. Similarly, the
GMFR values were 2.89 log and 2.91 log, respectively, relative to the titer 1–2 weeks before
the administration of the second dose (Table 2). The median anti-S-IgG titer of the four
additional participants was similar to that of the initial six participants before and after the
second dose of vaccination (p > 0.999 and p = 0.325, respectively, Table 3). These data might
indicate that the second dose vaccination had a similar boosting effect in the initial six and
additional four participants.

Table 2. Changes in anti-spike immunoglobulin G titers after vaccination.

Anti-S-IgG before the Second Dose † Anti-S-IgG within 3 Weeks after the Second Dose GMFR
GMT (AU/mL) p Value ‡ GMT (AU/mL) p Value ‡ p Value ‡

Initial six
participants 2.50

>0.999
7.22

0.325
2.89

0.734
Additional four

participants 2.83 8.26 2.91

All participants 2.61 7.62 2.92

† The anti-S-IgG GMT before the 2nd dose was measured 1–2 weeks before the second vaccine dose. ‡ The p values
were calculated using the independent samples the Mann-Whitney U test. Abbreviations: AALR, anti-S-IgG,
anti-spike protein immunoglobulin G; acute allergic-like reaction; AU, arbitrary units; GMFR, geometric mean
fold rise; GMT, geometric mean titer.

Table 3. Distribution of anti-spike protein immunoglobulin G titers (AU/mL) before and after the
second dose of BNT162b2 vaccine.

Minimum 25% Median 75% Maximum p Value ‡

All participants
After 1st dose and before 2nd dose 1.0 4.9 6.6 11.7 36.8 <0.001
After 2nd dose 43.3 137.0 257.0 342.8 802.0

Initial six participants
After 1st dose 1.0 3.7 6.9 12.1 36.8 0.002
After 2nd dose 43.3 92.0 139.0 311.0 802.0

Additional four participants
Before 2nd dose 4.7 5.9 6.6 8.4 12.8 0.029
After 2nd dose 251.0 260.0 266.5 323.3 491.0

After 1st dose and before 2nd dose
Initial six participants 1.0 3.7 6.9 12.1 36.8 >0.999
Additional four participants 4.7 5.9 6.6 6.4 12.8

After 2nd dose
Initial six participants 43.3 92.0 139.0 311.0 802.0 0.325
Additional four participants 251.0 260.0 266.5 325.3 491.0

‡ The p values were calculated using the Mann–Whitney U test. The value of the anti-spike protein immunoglobu-
lin G titers (AU/mL) was indicated among participants. The Minimum indicates the lowest value of the anti-spike
protein immunoglobulin G titers among participants. In addition, 25% means that of the first quarter. Median
means that of the median value. Furthermore, 75% means that of the third quarter. Maximum means that of the
highest value. p < 0.05 shows statistical significance.

None of the four participants who had AALR after the first dose experienced any
acute or delayed allergic-like reaction after the administration of a second dose. None of
the participants were diagnosed with SARS-CoV-2-infection during the study period.
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Figure 1. Time course of SARS-CoV-2 anti-spike immunoglobulin G (IgG) response before and after
the second dose of BNT162b vaccine. Each line represents a single participant. (a) Time course
of anti-spike IgG response of the six participants who received the second dose of vaccine three
weeks after the first dose. (b) Time course of anti-spike IgG response of the four participants who
experienced an acute allergic-like reaction to the first dose of vaccine and received a second dose six
months after the first dose. The six participants who received the second dose of vaccine three weeks
after the first dose had their anti-spike IgG measured three weeks after the administration of first
dose of vaccine, before receiving the second dose.

4. Discussion

This study found two important implications regarding BNT162b2 immunogenicity.
First, the second vaccine dose administered six months after the first dose had a boosting
effect on anti-S-IgG titers similar to that of a second dose administered three weeks after the
first dose. This can be explained by the fact that a similar immune response was obtained
in both groups, which could be due to booster vaccines and repetitive immunogenic stimu-
lations providing long-lasting protective immunity due to adaptive immunity provided
by the memory cells, and not the duration of the vaccine [10]. Second, it demonstrated
that premedication with diphenhydramine can protect recipients against vaccine-induced
AALR without affecting the immunogenicity of the vaccine.

The BNT162b2 vaccine consists of mRNA encased in a lipid membrane [3]. Allergen-
induced basophil reactivity against the BNT162b2 vaccine may be mediated by polyethylene
glycosylated (PEGylated) lipid nanoparticles present on the lipid membrane [11]. This can
be prevented by administering antihistamines prior to vaccination [7]. In addition, mRNA
vaccines could elicit immunity through transfection of antigen-presenting cells, which is
different from live attenuated vaccines [2]; we considered that diphenhydramine could not
affect the levels of SARS-CoV-2 anti-spike immunoglobulin G.

Unfortunately, this study did not evaluate cellular immunogenicity and cytokines
other than SARS-CoV-2 anti-spike immunoglobulin G. T cell immunity and cytokines might
not only play significant roles in controlling SARS-CoV-2 replication [12] but could also
affect immediate hypersensitivity response in the participants [13]. Gamma-globulin titer
of the additional four-group was higher than the initial six-groups; however, no significant
differences were observed between the two groups. There might be a possibility that
gammaglobulinemia could induce the formation of immune complexes, similar to type III
hypersensitivity reaction, which might induce AALR [14]. If we could evaluate cellular
immunogenicity along with pre- and post- vaccination cytokine levels, it would have
helped devise a useful strategy for treating mRNA vaccine-induced allergic reactions with
antihistamine agents.
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This study is limited by its small sample size. Further extensive studies are required
to confirm the safety of using antihistamines to prevent AALR following vaccination with
mRNA vaccines and the immunogenicity of a delayed second dose.

5. Conclusions

Our study may show that delayed administration of a second vaccine dose does not
adversely affect its immunogenicity and supports the findings of previous reports that
antihistamines can be used to prevent AALR to the BNT162b2 vaccine in at-risk individuals.
Since HCWs have a high risk of occupational exposure to SARS-CoV-2, previous AALR
following vaccination is not a contraindication for further vaccination.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/reports5040048/s1, Table S1: Distribution of anti-spike protein
immunoglobulin G titers (AU/mL) of BNT162b2 vaccine in the initial six participants.
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