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Introduction: The coronavirus disease 2019 (COVID-19) pandemic has led to worldwide vaccination
development efforts. In December 2020 the Pfizer BNT162b2 vaccine was approved in the United
States. This study describes the first BNT162b2 vaccine dose effect on a large cohort.
Methods: This retrospective study examined first vaccine dose effect on serology and investigated the
associations between seroconversion and age or sex.
Results: Serological blood tests were performed on 1898 participants following first vaccine dose; 81%
were tested on day 21, before receiving the second dose (mean age 47.5 ± 12.45; median 47.7, range
18–90). Positive serology was found in 92.7% of day 21 tests. Overall positivity was 86.8%, with rates
increasing from 2.5% within 1–14 days to 89.8% (14–20 days), 92.7% (21 days), and 95.9% (>21 days).
Mean antibody levels 21 days after first dose were 64.3 ± 33.01 AU/ml, (range 15–373 AU/ml, median
61 AU/ml). Seropositivity was greater in females than males (88.3%. vs 83.3% respectively, p < 0.001;
OR1.515; 95% CI 1.152–1.994). Older age > 60 years was associated with decreased likelihood of seropos-
itivity (p < 0.001; OR 0.926; 95% CI 0.911–0.940). Longer time between first vaccination and serology tests
was associated with increased likelihood for seropositivity (p < 0.001; OR 1.350; 95% CI 1.298–1.404).
Conclusions: The high seroconversion rate following first BNT162b2 dose among individuals < 60 may
justify delayed delivery of the second dose, potentially help relieve the worldwide vaccination supply
shortage, enable vaccination of twice this population within a shorter period, and ultimately reduce
COVID-19 contagion.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19) has created the most
ominous global infectious threat since the 1918 influenza pan-
demic [1]. The natural history of plagues characteristically exhaust
themselves and subside over time, a process that may take several
years and inflict substantial morbidity and mortality, which is fur-
ther impacted by several contributing factors, as evidenced by the
1918 pandemic [2]. The impact of COVID-19 is unprecedented, not
only on healthcare but on all social and economic sectors. Given
these challenges, vast financial resources have been invested
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toward vaccine development, with apparent early success [3–6].
December 2020 saw the first approval by the United States Food
and Drug Administration of a COVID-19 vaccine [7].

In Israel, efficient deployment led to rapid distribution of the
BNT162b2 vaccine (Pfizer–BioNTech COVID-19 vaccine, Pfizer Inc,
New York, NY, USA). By early February 2021, >30% of the Israeli
population had been vaccinated and >80% were above 60 years
of age [8,9]. The vaccination prioritization of the Israeli Ministry
of Health (MOH) included healthcare workers (HCW) among those
first to be vaccinated. The MOH adapted an immunization protocol
according to the manufacturer’s recommendations, i.e., two injec-
tions, 21 days apart. Rambam Health Care Campus (RHCC) was
among the first sites selected by the MOH for HCW vaccination.

One of the two largest Israeli health maintenance organizations
(HMOs), Clalit, reported that by 12 days after the first vaccine dose,
no difference in COVID-19 incidence was noted between vacci-
nated and unvaccinated individuals; however, at 14 days after vac-
cination a 33% decrease in cases was noted among vaccinated
subjects [9]. Another HMO, Maccabi, reported 51% protection after
the first vaccine dose (unpublished data). However, both of those
studies did not include serological data after the first dose.

By mid-February 2021, a PubMed search for published research
articles using the search terms ‘‘SARS-CoV-2,” ‘‘COVID-19,” ‘‘vac-
cine,” and ‘‘serology,” or ‘‘serological,” with no language or date
restrictions still revealed only a few recorded serological tests after
administering the first dose of the BNT162b2 or mRNA-1273 vac-
cines. The BNT162b2 vaccine was approved in the United States
and in Israel in December 2020. Efficient deployment led to rapid
distribution of the BNT162b2 vaccine, and by early February
2021, 30% of the Israeli population was vaccinated (about 3 mil-
lion). Although there was little prior serological evidence to sup-
port this finding, a sharp decrease in disease incidence was
demonstrated in Israel two weeks after vaccination.

This study reports on the serological test results and COVID-19
morbidity of HCW at RHCC after receiving the first dose of the
BNT162b2 vaccine. The implications of these findings are also
presented.
2. Methods

This retrospective study was conducted at RHCC, a tertiary aca-
demic healthcare facility located in the north of Israel, serving 2.3
million citizens with 5647 employees. The study was approved by
the hospital’s Institutional Review Board (RMB 021-021). All staff
members had the option of performing serological blood tests
before and after receiving the first BNT162b2 vaccine dose.
Although employees were encouraged to be tested 21 days after
the first dose, some 19% of them were tested slightly before or
after. However, that 19% were included in this study to examine
the evolution of the related antibody titers over time. All HCW
receiving the vaccine had negative serology tests before
vaccination.
2.1. Serological testing

LIAISON SARS-CoV-2 S1/S2 IgG assay (DiaSorin, Saluggia, Italy)
was used to detect anti-spike (S) S1/S2 IgG antibodies. Following
MOH instructions, cutoff values were 15 AU/ml [10,11].

Diagnostic testing for SARS-CoV-2 among RHCC personnel was
conducted onsite using AllplexTM 2019-nCoV Assay RT-PCR (See-
gene, Seoul, Korea).
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2.2. Statistical analysis

Data were analyzed using SPSS software, version 26. Chi-square
test was used to examine the association between dichotomic vari-
ables. Binomial logistic regression was performed to ascertain the
effects of age, sex, and time between the first vaccine dose and
the subsequent serology test to determine participants’ odds for
developing positive serology. All statistical tests were two-tailed;
p � 0.05 was considered statistically significant (95% confidence
interval [CI]).
3. Results

The vaccination campaign at RHCC began on December 20,
2020. Of 5647 employees, 4536 received the first vaccine dose, of
which 4243 received the second dose by February 2021. After
the vaccination campaign began, 106 employees were diagnosed
with SARS-CoV-2. Of them, 57 (54%) had received only the first
vaccine dose and 49 had not been vaccinated at all. Time from vac-
cination to diagnosis ranged from 0 to 26 days, mean 9.86 ± 5.69.
Most diagnoses (45 [79%]) were made during the first two weeks
after the first vaccine dose.

Immediately before the BNT162b2 vaccine was available, dur-
ing Israel’s ‘‘third wave,” the number of employees diagnosed with
SARS-CoV-2 significantly increased. Two weeks after the vaccina-
tion program began, the morbidity rate at RHCC began to decline
(Fig. 1), although no substantial decrease was exhibited in the gen-
eral Israeli population then.

After receiving the first vaccine dose (30 lg), but before receiv-
ing the second one, 1898 vaccinated employees underwent blood
serology testing: Females comprised 68.7% of those tested
(1304/1898); mean age was 47.5 ± 12.45 (median 47.7, range
18–90). It should be stressed that this sex distribution is not an
anomaly since 64.5% of RHCC employees are female.

The overall positive serology rate among all tested personnel
was 86.8% (1647/1898). When analyzed according to time from
the first vaccine dose, only 2.5% (3/122) of those tested within
the first 14 days following vaccination had positive serology. This
rate increased to 89.8% in workers tested 14–20 days after the first
dose. On day 21, positive serology was found in 1433 (92.7%) of the
1546 HCW tested. A higher positivity rate (seroconversion, 95.9%)
was observed in workers evaluated after 21 days (Table 1).

The antibody levels on day 21 after the first vaccine dose exhib-
ited a mean of 64.3 ± 33.01 AU/ml with a range of 15–373 AU/ml
and a median of 61 AU/ml.

Positive serology likelihood was inversely related to subject age.
Of the 256 employees aged 60 and above who were tested on day
21 after first vaccine dose, 21.9% (56/256) had negative results
compared to ages � 30, 0%; 31–40, 1.8%; 41–50, 4.7%; and 51–
60 years, 8.0%.

Our results also demonstrated that females are more likely to
have positive serology at any time following the first vaccine dose
compared to males (88.3% vs 83.3% respectively, p < 0.001, OR
1.515; 95% CI 1.152–1.994) (Table 2). This likelihood was higher
in the HCW evaluated at day 21 after the first dose (89% vs
94.4%; p < 0.001; OR 2.054; 95% CI; 1.396–3.022).

Binomial logistic regression was performed to ascertain the
effects of age, sex, and time elapsed from the first vaccine dose,
based on the likelihood that HCW would have positive serology.
The logistic regression model results were statistically significant
(v2(3) = 600.064; p = 0.003). The model explained 50.0% (Nagelk-
erke R2) of the variance in serology results and correctly classified
92.3% of cases (sensitivity, 99.3%; specificity, 45.8%; positive pre-
dictive value, 92.32%; negative predictive value, 91.26%). The three



Fig. 1. Isolated or Confirmed SARS CoV-2 Cases among RHCC Employees. Yellow highlighted date: first vaccination; Green highlighted date: Two weeks after first
vaccination; Red highlighted date: Second vaccination.

Table 1
Positive serology test rates correlated to sex, age group, and time from first vaccine dose to serology results.

Total
N (%)

Negative Serology
N (%)

Positive Serology
N (%)

P Value OR (95% CI)

Sex
Male 594 (31.3) 99 (16.7) 495 (83.3)
Female 1304 (68.7) 152(11.7) 1152 (88.3) 0.003 1.515 (1.152–1.994)

Age (years)
�30 180 (9.5) 15 (8.3) 165 (91.7) 1* 1*
31–40 415 (21.9) 28 (6.7) 387 (93.3) 0.492
41–50 522 (27.5) 62 (11.9) 460 (88.1) 0.189
51–60 470 (24.8) 66 (14) 404 (86) 0.049 0.556 (0.309–1.003)
>60 311 (16.4) 80 (25.7) 231 (74.3) <0.001 0.263 (0.146–0.472)

Time from First Vaccination to Serology
< 14 days 122 (6.4) 119 (97.5) 3 (2.5) <0.001
14–21 days 157 (8.3) 16 (10.2) 141 (89.8)
21 days 1546 (81.5) 113 (7.3) 1433 (92.7)
>21 days 73 (3.8) 3 (4.1) 70 (95.9)

CI, confidence interval; OR, odds ratio.
* Reference value.

Table 2
Correlation between positive serology, age, and sex.

<30 years
N positive (%)

31–40 years
N positive (%)

41–50 years
N positive (%)

51–60 years
N positive (%)

>60 years
N positive (%)

Total
N positive (%)

Female 111/123 (90.2%) 239/252 (94.8%) 331/373 (88.7%) 314/351 (89.5%) 157/205 (76.6%) 1152/1304 (88.3%)
Male 54/57 (94.7%) 148/163 (90.8%) 129/149 (88.7%) 90/119 (75.6%) 74/106 (69.8%) 495/594 (83.3%)

Table 3
Multivariate analysis of predictive factors of positive serology.

Univariate
P Value

Multivariate
P Value

OR 95% CI

Sex (female vs male) <0.001 <0.001 2.029 1.407–2.927
Age (years) <0.001 <0.001 0.926 0.911–0.940
Time between first vaccination and serology test (days) <0.001 <0.001 1.350 1.298–1.404

CI, confidence interval; OR, odds ratio.
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predictor variables were statistically significant, as shown in
Table 3.

Females had a two-fold greater probability of becoming
seropositive than males. Older age was associated with a decreased
likelihood of exhibiting positive serological tests. Each increase in
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age by 1 year reduced the odds of becoming seropositive by
0.926; however, increasing the time window between first vaccine
dose administration and serology testing was associated with an
increased likelihood of positive serology of 1.350 for each day after
first vaccine dose administration.
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In addition, the receiver operating characteristic (ROC) curve of
0.875 (CI% 0.849–0.902) demonstrated an excellent level of dis-
crimination, according to Hosmer et al. [12].
4. Discussion

This study reports seroconversion and the presence of anti-
COVID-19 antibodies after administering the first BNT162b2 vac-
cine dose, but before administering the second dose, among a large
cohort (n = 1898). The high seropositivity noted among adults
under 60 years of age, particularly on day 21 after the first vaccine
dose, is an encouraging finding. Our study presents two important
findings. Firstly, extremely high serocovergence (95.9%) was noted
at day 21 following a single vaccine dose. Secondly, there was a
marked age correlation: the older the subject, the less the serocon-
vergent response. The most pronounced difference was among
those above 60 years of age in whom only 76.6% females and
69.8% males had measurable antibody levels.

Age is an important factor influencing vaccine responses, espe-
cially in older age groups [13], as assessed by immunoglobulin
levels and other immunological responses [14–17].

In the original BNT162b2 vaccine study, there was no difference
in efficacy between age groups, so it may not have been different;
but serological differences were not mentioned [5] except in a
small phase I/II study [4] and another small study in Germany
[18]. Both studies found that after receiving the first vaccine dose
(BNT162b2, 10 lg dose), the IgM, IgA, and IgG antibodies against
the receptor-binding domain of SARS-CoV-2 were similar to those
observed in a panel of 38 convalescent human serum samples
obtained at least 14 days after a PCR-confirmed diagnosis, which
may reflect our findings.

An Israeli study also found that younger age was correlated
with a higher seropositivity response 3 weeks after the first vac-
cine dose [19]. Another example is the Moderna mRNA-1273 vac-
cine (Moderna Therapeutics, Cambridge, MA, USA), which
demonstrated a lower efficacy among older individuals [20–22].

Another explanation for the high positivity found in all partici-
pants of this study could be the acquisition of samples on day 21
after the first vaccine dose, which is enough time to generate a
measurable amount of antibodies. The post-marketing efficacy
results in Israel also showed that two weeks after the first dose,
there was a considerable clinical effect. This study also demon-
strated that almost no antibodies could be detected in vaccinated
HCW within the first 14 days following the first dose. These find-
ings further support those of the Clalit HMO, which found no sig-
nificant serological difference between vaccinated and non-
vaccinated patients by day 12 [9]. While positive SARS-CoV-2 cases
were still detected among HCW during the first two weeks follow-
ing first vaccine dose, the number of positive cases dropped dra-
matically thereafter.

It is worth mentioning that those with positive serology were
not and did not become ill, which may be explained by the role
antibodies play in defending against COVID-19, although a direct
relationship has not yet been proven between measurable anti-
body levels to COVID-19 after full vaccination and disease immu-
nity, and vice versa. It is known that infection prevention
correlates with the induction of specific antibodies, but there are
several mechanisms for protection and sometimes it cannot be
measured by antibody levels [22,23]. Moreover, CD4 T-cell
response is crucial for B-cell help and cytokine production, and
are sometimes better correlates of protection than antibody titers
[23]. Future studies are needed to determine if there is actually a
correlation between measurable antibody levels and protection,
and whether or not measurable antibodies are associated with an
increased susceptibility for infection.
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The univariate analysis in our study revealed a significant dif-
ference between male and female responses, with the latter having
a higher rate of seropositivity in general, but especially in the older
age group. With regard to immune responses, there are known
physiological differences between males and females. Females
have a higher antibody response to some vaccines [24]. Measures
of cell-mediated immunity following vaccination are also higher
in adult females than males for some vaccines [25]. Females
develop more frequent and severe adverse reactions to vaccines,
including fever, pain, and inflammation [26]. One large review
noted the largely consistent findings across studies and meta-
analyses investigating the effect of sex on vaccine responses.
Females generally have a higher antibody responses to dengue,
HepA, HepB, Hib, IPV, rabies, smallpox, and TIV vaccination, while
males have higher antibody responses to diphtheria, MCV-A, PCV7,
PPV23, and tetanus vaccination [27]. This enhanced immune reac-
togenicity among females is thought to render females more resis-
tant to infectious diseases, but conversely also contributes to a
higher incidence of autoimmunity among women [24].

Most of the COVID-19 diagnoses in RHCC HCW occurred less
than two weeks after receiving the first vaccine dose. None of the
HCW had received serology tests previously, so it is not known if
they had a measurable but not protective level of antibodies. How-
ever, what can be shown is that although the daily positive cases in
Israel and in the north remained high, our HCW experienced a
sharp decrease in positive SARS-CoV-19 diagnosis. Furthermore,
since then, most of the HCW subsequently diagnosed with SARS-
CoV-19 were unvaccinated.

This study has several limitations: First, due to its retrospective
nature, there was no way to influence the people who took serol-
ogy tests (33% of the HCW); this represents a possible selection
bias. Second, the HCW at RHCC are much younger than the general
population of the country; thus the higher percentage of positive
serology in the study group can be explained by the overall
younger age. Finally, follow-up tests are no longer being per-
formed, and there has been no testing for neutralizing antibodies;
nevertheless, up to 6 weeks after the first vaccine dose, no positive
serology tests nor subsequent COVID-19 diagnoses were found
among vaccinated HCW.

In conclusion, this is one of the first studies among any cohort
that looked at seroconversion and anti-COVID-19 antibodies after
receiving the first dose of the BNT162b2 vaccine, but before admin-
istering the second dose. The high seropositivity is an encouraging
finding that should be further investigated, as well as the differ-
ence between age groups. Data should be correlated with future
efficacy and effectiveness studies and serology tests over time, in
order to develop a better protection protocol from COVID-19.

The challenge remains to create a widespread herd immunity
strong enough to stop the spread of SARS-CoV-2. Furthermore,
there is a worldwide shortage of vaccines. The results of this study
may justify establishment of a single dose regimen in individuals
under 60 years of age, and postponing second dose administration.
Such a strategy could potentially double immunization rates
worldwide, and markedly reduce the contagion of COVID-19.
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