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Background: A third dose of the BNT162b2 SARS-CoV-2 vaccine leads to a significant increase in antibody
levels, however, concerns regarding the long-term persistence of this response exist. We assessed the
humoral response for one year following vaccination.

Methods: A prospective study among immunocompetent healthcare workers (HCW) who received three
doses of BNT162b2. anti-spike antibody titers were measured at six predefined timepoints, from before
the second vaccine dose, and up to one year afterwards, which is 4-6 months after the third dose. HCW

Keywords: with a history of SARS-CoV-2 infection were excluded.

COVID-19 . . . . . A
SARS-CoV-2 Results: Seventy-six HCW had all the six serological measurements. Antibody titers significantly
Pfizer-BioNTech vaccine increased shortly following the third vaccine dose, and while declining, remained higher from all previ-
Vaccination ous measurements for up to six months.

Humoral response Conclusions: A third dose of BNT162b2 leads to a profound humoral response, which remains signifi-

cantly higher than previous measurements, even after 6 months.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction
1.1. Background

Widespread provision of effective SARS-CoV-2 vaccines, such as
BNT162b2 (Pfizer-BioNTech), have led to reduced transmission
rates and a significant decrease of severe COVID-19 [1]. The combi-
nation of waning immunity over time and the emergence of highly
transmissible variants of concern, have led to breakthrough infec-
tions in vaccinated individuals [2]. A third vaccine dose improves
the short-term immune response and provided protection from
infection [3-4], yet the long-term persistence of immune protec-
tion is unknown. Concerns regarding further decline of immunity,
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concomitant with a surge in COVID-19 cases caused by the highly
infectious B.1.1529 (Omicron) variant worldwide, have led to the
authorization of a fourth vaccine dose by the Israeli Ministry of
Health, initially for high-risk and elderly individuals and health-
care workers (HCW). We assessed titers of anti-spike immunoglob-
ulin G (IgG anti-S) in vaccinated HCW for one year, including early
(1-2 months) and later (4-6 months) after the third dose.

2. Methods

This is a single-center prospective study which enrolled vacci-
nated HCW from Barzilai Medical Center, at Ashkelon, Israel.
HCW volunteered to participate in a serological survey which
included measurements of anti-spike (anti-S) and anti-
nucleocapsid (anti-N) antibodies at predetermined time points:
0-5 days before-, and 1, 3, 6, 9, and 12 months after the second
vaccine dose, which is 4-6 months after the third dose (Fig. 1). Vac-
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Fig. 1. Study timeline First vaccine doses were administered to HCW in December 2020. Second doses were administered 21-days later, in January 2021, and the third doses
during August 2021. IgG anti-S measurements began 0-5 days prior to the second dose (time 1), and then one month (time 2), three months (time 3), six months (time 4),
nine months (time 5), and 12 months (time 6) after the second dose. Measurements of Quant anti-S were done at time points 5 and 6, after we identified very high IgG anti-S

levels which were higher than the assay’s upper limit following the third dose.

cination with BNT162b2 began in December 2020, the second dose
was administered 21-days later as recommended, and the third
dose during July-August 2021. HCW who had a history of solid or
hematological malignancy, or who were otherwise immunocom-
promised were excluded from participation. Since we wanted to
assess only the response to vaccination, HCW with evidence of past
SARS-CoV-2 infection, either a positive RT-PCR swab or positive
anti-N antibodies, were also excluded.

At all the time points, IgG anti-S were measured using Liaison
chemiluminescent immunoassay kit (DiaSorin, Saluggia, Italy),
and anti-N Abs were measured using Abbott SARS-CoV-2 IgG
nucleocapsid protein assay (Abbott, Abbott Park, IL) on an Architect
analyzer to identify asymptomatic SARS-CoV-2 infection. The
upper detection limit of the Liaison assay is 400 AU/ml, yet all par-
ticipants had level > 400 AU/ml at the 5th time point and some at
the 6th time point (both after the third dose). To overcome this, we
have performed serum dilution according to the manufacturer
instructions. No measurements > 400 AU/ml were measured before
the third vaccine dose. We additionally performed measurements
of anti-S Abs using Abbott AdviseDx SARS-CoV-2 IgG Il Quant assay
(Abbott, Abbott Park, IL), which can differentiate higher antibody
levels, for the time points after the third vaccine dose (time points
5 and 6, Quant anti-S). Antibody levels between the two assays are
not interchangeable.

Regarding anti-N Abs, index values of 0.8 or higher were consid-
ered positive, as previously suggested [5-6].

We compared geometric means of anti-S antibodies at different
time points for both the Liaison (IgG anti-S) and the Abbott (Quant
anti-S) assays. We assessed the association between antibody
levels and baseline participants characteristics including age, gen-
der, birthplace, overweight BMI > 25, self-reported smoking status,
self-reported use of chronic medications, and whether the profes-
sion included direct contact with patients (physicians, nurses,
physiotherapists etc.) or not (administrators, IT workers, house-
keepers, laboratory workers etc.). We used ANOVA for comparing
Abs levels between categorical variables and Chi square or Fisher’s
Exact test when appropriated for comparing proportions. Statisti-
cal significance was set on p < 0.05. Data analysis was performed
using SPSS 25.0 (SPSS, Chicago, IL).

The study was approved by the Ethics Committee and Institu-
tional Review Board of Barzilai Medical Center (no. BRZ-0009-
21). The study was performed in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. All participants
signed an informed consent form prior to study entry.
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Results are reported according to STROBE guidelines.

3. Results

Of 100 HCW who completed the first 4 measurements and were
invited to continue the study, 19 denied further participation and 5
were excluded because they were diagnosed with SARS-CoV-2
infection. Thus, a total of Seventy-six HCW had antibody titers
measurements from all six time points and were included in the
study (Fig. 2). Of participants 79 % were women, and median age
was 51 (Table 1). IgG anti-S titers significantly increased after the
third dose, from a median of 135 AU/ml to 1,405 AU/ml (>400
AU/ml in all cases, p < 0.001). The last measurements were taken
a median of 359 days after the second dose and 148 after the third.
IgG anti-S levels at the last measurement were 432 AU/ml, signif-
icantly higher than all measurements before the third dose
(p < 0.001) yet lower than the previous measurement (p < 0.001,
Fig. 3). Levels of Quant anti-S also significantly declined from a
median of 16,224 AU/ml (interquartile range 17,129, mean
20,526 + 11,139 AU/ml) at the early measurement after the third
dose to 5,320 AU/ml (interquartile range 5,624, mean
7,073 t 6,182 AU/ml) at the late measurements (p=<0.0001).
HCW who have direct contact with patients had lower Quant
anti-S levels at the early measurement than those without patient
contact (medians 14,959 AU/ml vs 20,640 AU/ml, respectively,
p = 0.03). There were no other associations between antibody
levels and baseline characteristics.

4. Discussion

A third dose of BNT162b2 was associated with a meaningful
increase in Ab levels in HCW, which remained significantly higher
than previous measurements for up to 5-6 months of follow-up,
despite declining. The profound humoral response after a third
vaccine dose has been previously described, and correlates with
immune protection from COVID-19 [3-4]. Yet, the durability of this
response is currently unknown. More importantly, vaccine effec-
tiveness in terms of preventing transmission, symptomatic disease,
and severe COVID-19 from variants of concerns, are debatable. In a
recently published huge retrospective study, mRNA-based vaccines
were significantly more effective in preventing symptomatic dis-
ease caused by the Delta than by the Omicron SARS-CoV-2 variant,
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Fig. 2. Study participants flow chart After exclusion of 5 HCW who were diagnosed with SARS-CoV-2 infection and 19 HCW who denied further participation, the number of

participants in the final analysis of the study was 76.

Table 1
Background characteristics of the study population (N = 76).
Variable n (%) or
Mean * SD
Sex
Male 16 (21.1)
Female 60 (78.9)
Age [years] 49.7 £ 10.4
Place of Birth 15 (19.7)
Israel 26 (34.2)
America/Europe 35 (46.1)
Asia/Africa
Chronic use of medications™®
Yes 37 (55.2)
No 30 (44.8)
Physical activity* 14 (22.2)
Yes 49 (77.8)
No
Direct professional contact with patients
Yes 41 (53.9)
No 35 (46.1)
BMI 26.6 £ 5.0 (26.3)
Smoker history (active or past) *
Yes 42 (55.3)
No 34 (44.7)
Working Night shifts*
Yes 49 (72.1)
No 19 (27.9)

BMI, body mass index. * Self-reported by participants.

although protection from COVID-19 related hospitalizations and
mortality remained high [7].

We are unaware of data regarding a negative correlation
between patient contact and antibody levels post-vaccination.
Such an association should be assessed in future trials.

Study limitations include the small sample size, requirement for
dilution of the sera after the third vaccine dose, and the measure-
ment of Quant anti-S only after the third dose. Large reports mea-
sured peak antibody titers of 8,000-22,000AU/ml after two doses
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with the Quant assay, which rapidly decline [8-9]. Thus, we can
safely assume that measurements after the third dose in our study
are indeed significantly higher. We chose to exclude HCW with
previous SARS-CoV-2 infection, since it is associated with signifi-
cantly increased humoral response following vaccination. How-
ever, universal, routine screening with RT-PCR swabs was not
employed, and anti-N titers may decline after infection. Thus, some
HCW with undetected infection might have been included. How-
ever, we believe that high awareness of HCW to undergo testing
in cases of exposure or symptoms, together with routine measure-
ment of anti-N antibodies would probably prevent this. Antibody
titers are commonly used as surrogate markers for immune protec-
tion, yet the correlation between antibody titers and clinical vac-
cine efficiency against SARS-CoV-2 infection is imperfect. We
didn’t measure neutralizing antibodies, which may better repre-
sent immune protection from infection. It has been reported that
post-vaccination anti-spike antibody titers correlate with neutral-
izing capacity and with immune protection from COVID-19 [10-
12], including in-vitro neutralization efficiency against the Omi-
cron variant of concern [13]. In addition, real-life studies reported
that low antibody levels were associated with breakthrough infec-
tions among HCW [2] and dialysis patients [14-15]. Thus, the fact
that high IgG anti-S titers were maintained months after the third
vaccine dose, implies that protection from infection and severe dis-
ease might also be preserved. A protective threshold of IgG anti-S
antibodies, from either infection or symptomatic disease, however,
is undefined.

5. Conclusions

A third vaccine dose of BN162b2 led to a profound increase in
IgG anti-S antibodies among HCW. Antibody levels decreased
afterwards yet remained higher than previous measurement for
up to 6 months.
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Fig. 3. Dynamics of IgG anti-S levels geometric means over time Vertical bars correspond to 25-75 % percentiles and are crossed by the dashed line at the mean. Each
circles represents a single individual measurement. Sera were diluted x20 since anti-S levels were over the assay’s threshold of 400AU/ml for all participants in the 5th time
point (after the third vaccine dose), and for some participants in the 6th time point. Antibody levels at the last, 6th, measurement were significantly higher than at
measurements 1-4, p < 0.001. There was a significant difference in IgG anti-S levels between all consecutive measurements, p < 0.001.
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