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Abstract

Between December 2020 and March 2021, we measured anti-SARS-CoV-2 IgG titres among
725 Israeli hospital workers vaccinated against COVID-19. Infection post-dose 1 vaccination
did not increase IgG titres, and individuals infected post-dose 1 had IgG levels comparable to
never-infected individuals who received a single dose, lower than fully vaccinated, never-
infected individuals. This suggests dose 2, currently not offered to those infected post-dose
1, may be required in these individuals. Larger studies should confirm whether individuals
infected post-dose 1 need the second.

Background

As of May 2021, Israel was the country with the highest COVID-19 vaccine coverage [1]. As of
2 June 2021, approximately 56% of the population had received two doses of the BNT162b2
mRNA vaccine [2]. The impact of vaccination on SARS-CoV-2 transmission is now clearly
seen, with a basic reproduction ratio (R0), remaining below 1 since March 2021 [2] despite
a gradual easing of social distancing measures since then.

In Israel, individuals previously infected with SARS-CoV-2 were not eligible for vaccination
until early March 2021. Evidence shows that memory B cells persist for at least 8 months [3].
Vaccinating previously infected individuals with one dose of BNT162b2 vaccine generates a
boost-type IgG response up to 10 months post-infection [4]. Countries including Israel now
recommend a single dose of vaccine in infected individuals [5]. The benefit of the second
dose in such individuals remains uncertain.

Vaccine efficacy from one dose of BNT162b2 vaccine in uninfected individuals begins 14
days post-vaccination and reaches 50–80% between days 15–35 [6]. Therefore, a proportion of
patients will be infected within the first 14 days post-vaccination. In Israel, these individuals
are not offered a second dose, based on the assumption that one dose confers immunity in
infected individuals. However, immunogenicity in patients infected after one vaccine dose
has not been evaluated.

We serially measured anti-spike IgG response in a cohort of vaccinated healthcare workers
according to SARS-CoV2 infection status (never infected or infected before or after vaccin-
ation) in order to inform vaccination policy.

Methods

All employees of Ziv Medical Centre (ZMC), a hospital in Northern Israel, were offered the
BNT162b2 vaccine from December 2020. Before vaccination, nucleocapsid (N) IgG antibody
levels were measured in consenting workers, using a highly sensitive and specific SARS-CoV-2
IgG qualitative assay (Abbott, Abbot Park, USA) [7], followed by a quantitative LIAISON
SARS-CoV-2 S1/S2 IgG assay (DiaSorin, Saluggia, Italy) for verification purposes [7].
Workers with detectable IgG antibodies at baseline and/or evidence of a previous positive
PCR test SARS-CoV-2 were considered previously infected.

AntiSARS-CoV-2 spike IgG levels were measured around 21 days (range 15–35 days) post-
dose 1 and around 51 days (range 41–65 days) post-dose 1 (corresponding to 30 days post-
dose 2 for those who received two doses), using the LIAISON Diasorin SARS-CoV-2 S1/S2
IgG assay [7].

All workers who developed COVID-19-compatible symptoms during the study period
(December 2020–March 2021) were PCR tested. Individuals with a positive PCR test were clas-
sified as infected post-vaccination.
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Antibody levels were reported using geometric mean concentra-
tion (GMC) alongside 95% confidence intervals (95% CI). In the
Israeli context, gender, ethnicity and time elapsed between infec-
tion and vaccination were not significantly associated with IgG
levels [4] and were therefore not adjusted for. Anti-SARS-CoV2
spike IgG antibody levels were compared among groups of ZMC
workers according to the number of doses received (1 or 2) and
their infection status (uninfected, infected prior to vaccination,
infected after vaccination), using Kruskal–Wallis tests. The study
was approved by ZMC’s ethics committee (0133–20-ZIV).

Results

Of approximately 1500 employees, 725 received at least one dose
of vaccine and were tested at least once post-vaccination. Of these,
25 had evidence of pre-vaccination infection and 35 had evidence
of infection post-dose 1 (Table 1), of which 32 before they were
eligible for dose 2. These 32 individuals did not receive dose 2
as they were no longer eligible owing to their infected status.
Not all these patients were tested twice (Table 1). Of the 541 indi-
viduals tested 15–35 days post-dose 1, 96.9% had detectable anti-
bodies and 99.8% of those tested 41–65 days post-dose 1 had
detectable antibodies.

Compared with uninfected individuals, previously infected
individuals had high IgG titres at 21 days post-vaccine that
remained high approximately 50 days post-vaccination (Table 1
and Fig. 1). Those previously infected and fully vaccinated had
IgG titres more than twice higher than previously uninfected indi-
viduals who received two doses (GMC 570.6 vs. 196, P < 0.001,
Table 1). Only three previously infected individuals who received
a single dose were tested for IgG at 50 days post-vaccination.
Their GMC was high but not statistically significantly different
from those uninfected who received two doses (GMC 464.7 vs.
196, P = 0.2, Table 1).

Among those previously infected who received a second dose,
IgG titres 50 days post-dose 1 (approximately 30 days post-dose 2)
had not increased compared with pre-dose 2 (GMC 570.6 vs.
773.4, P = 0.27, Table 1 and Fig. 1) and were not significantly
higher than those who received a single dose (570.6 vs. 464.7,
P = 0.8, Table 1).

Among the 32 patients who tested PCR-positive post-dose 1
and before being eligible for dose 2, nine were serologically tested
around 21 days post-vaccination, of which eight were infected
within 14 days of being vaccinated and one between days 14
and 21. Among the nine, IgG levels at 21 days were comparable
to those never infected (GMC 73.3 vs. 64.3, P = 0.21, Table 1
and Fig. 1) and more than 10 times lower than those infected
prior to vaccination (GMC 73.3 vs. 773.4, P < 0.001, Table 1).
At 50 days post-vaccination, IgG titres among the 20 patients
infected post-dose 1 tested at this time point were 83.8 (95% CI
60.5–115.9), comparable to those previously uninfected who
received a single dose (GMC 90.2, P = 0.27), and lower than either
those uninfected who received two doses (GMC 196, P < 0.001),
or those infected prior to vaccination (GMC 552.4, P < 0.001).
Among the small number (n = 3) of patients infected post-dose
2, IgG titres were comparable to those never infected (GMC
230.2 vs. 196, P = 0.38, Table 1).

Discussion

In this small cohort, participants infected with SARS-CoV-2 pre-
vaccination had a strong and persisting response after one Ta
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BNT162b2 dose. Dose 2 in those individuals had no impact on
IgG titres. Several countries, including France and Israel, recom-
mend one vaccine dose for individuals previously infected with
COVID-19. Although the number of individuals in our cohort
who received one dose only and were serologically tested at 50
days is very small, our data support this policy. Baseline serology
was qualitative only and it was therefore not possible to describe
the influence of baseline IgG titres on future immunogenicity or
viral load on those subsequently infected.

Our study shows that when it comes to vaccinating infected
individuals, the sequence of events matters. Individuals in our
cohort infected post-vaccination had IgG titres at 21 and 50
days similar to those never infected who received the same num-
ber of doses and much lower than those infected pre-vaccination.
These data suggest that individuals infected after a single dose of
the BNT162b2vaccine should remain eligible for a second dose to
ensure adequate protection levels. Although the sample size of
this study was too small to warrant a policy change by itself, larger
studies should be conducted to confirm or refute these results in
order to change vaccine policy if needed.

Our study presents limitations. First, our numbers are small.
Notably, most previously infected who received one dose were
not tested again at 50 days. Very few patients were infected
after receiving their second dose, a finding compatible with the
high effectiveness of the vaccine [8]. Second, post-vaccination
testing was symptom-based, and we could not detect asymptom-
atic patients infected post-vaccination. Third, our study focuses
on the BNT162b2 vaccine and it is possible that these findings

are not relevant to other vaccines. Our study was conducted
when the wild type and the alpha variant were co-circulating in
Israel. The findings may not be applicable to variants that subse-
quently emerged, notably the delta variant, against which the
effectiveness of the BNT162b2 vaccine is reduced [9]. Lastly,
our study measures circulating antibody levels and does not meas-
ure the functionality of these antibodies through a neutralisation
assay, nor other components of the immune system such as T-cell
activity.

Conclusion

This study demonstrates no benefit in terms of IgG titres in
receiving a second dose among individuals infected prior to vac-
cination, and more importantly, that infection after vaccination
(dose 1 or 2) seems to have very little effect on immunogenicity
as measured by circulating IgG levels. It is therefore important
to not assume that individuals infected after their first dose are
fully immune. Larger immunogenicity studies, as well as efficacy
studies, should confirm or refute the need for a second dose of
COVID-19 vaccine in these individuals, in particular in the con-
text of emerging variants against which vaccines are less effective.
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Fig. 1. Anti SARS CoV-2 IgG levels among Israeli Healthcare workers according to infection status and number of doses received, January–March 2021.
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