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This work evaluated neutralising antibody titres
against wild type (WT) SARS-CoV-2 and four Omicron
variants (BA.1, BA.2, BA.4 and BA.5) in health-
care workers who had breakthrough BA.1 infection.
Omicron breakthrough infection in individuals vac-
cinated three or four times before infection resulted
in increased neutralising antibodies against the WT
virus. The fourth vaccine dose did not further improve
the neutralising efficiency over the third dose against
all Omicron variants, especially BA.4 and BA.5. An
Omicron-specific vaccine may be indicated.

Several severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) variants of concern (VOC) have emerged
during the coronavirus disease (COVID-19) pandemic
[1]. Omicron is now, in July 2022, the dominant virus
around the globe [2] and has four main sub-variants:
BA.1, BA.2, BA.4, and BA.5. These variants contain
more than 30 mutations in their spike protein compare
with the Alpha and Delta variants [3,4]. Although they
cause milder disease than previously reported VOC [5],
they are highly transmissible, the existing vaccines
Comirnaty (BNT162b2 mRNA, Pfizer/BioNTech) and
Spikevax (MRNA-1273, Moderna) are less effective [6]
and the Omicron variants have decreased susceptibility
to therapeutic monoclonal antibodies [7]. When com-
pared with BA.2, the BA.4 and BA.5 sub-variants carry
three additional mutations in their spike protein, which
have raised concerns regarding their potential to evade
neutralising antibodies, thereby further compromising
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the effectiveness of COVID-19 vaccines and therapeutic
monoclonal antibodies [8].

There is still limited information about whether indi-
viduals immunised with COVID-19 vaccine are pro-
tected against Omicron BA.4 and BA.5 compared with
other strains. Here, we describe the appearance of
the Omicron variants in Israel in March to June 2022
and the neutralising antibody response against these
variants.

The Omicron variants of concern in Israel
In order to identify SARS-CoV-2 variants circulating
in the country, a national surveillance consortium for
SARS-CoV-2 sequencing was established in Israel in
December 2020.

The frequency of SARS-CoV-2 variants BA.1, BA.2, BA.4
and BA.5 in Israel was monitored by whole genome
sequencing of SARS-CoV-2-positive samples (Figure 1).
Between March 2022 and June 2022, a total of 49,810
sequences were analysed. Throughout most of this
period, BA.2 was the dominant variant. The BA.4 and
BA.5 variants were first detected in mid-April 2022
(week 15, Figure 1), whereas BA.5 became more prev-
alent than BA.4 at the beginning of June 2022 (week
21, Figure 1).



FIGURE 1

SARS-CoV-2 variants, Israel, March-June 2022
(n = 49,810)
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SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Frequency of SARS-CoV-2 variants as detected by whole genome
sequencing of SARS-CoV-2-positive samples.

Neutralisation efficiency against SARS-
CoV-2 Omicron variants

We evaluated neutralising antibody titres against wild
type (WT) sub-lineage B.1.1.50 and the four Omicron
variants (BA.1, BA.2, BA.4 and BA.5) in 41 healthcare
workers (HCW) who had BA.1 infection and were evalu-
ated within 30 days following positive PCR result. None
of these HCW had been infected with other SARS-CoV-2
variants. We obtained sera from three HCW cohorts.
The first cohort included in the analysis were 11 HCW
who had never been vaccinated (Cohort 1 in the Table).
Sera were obtained from this group 1 month following
BA.1 infection. The second cohort included 15 HCW
who had been vaccinated with the Comirnaty vaccine
three times (Cohort 2 in the Table). Sera were obtained
from this cohort 5 months after the third dose. Cohort
2 was then vaccinated with the fourth dose and sera
were obtained 1 month later. The HCW in Cohort 2 had
a breakthrough infection with Omicron BA.1 and sera
were obtained 1 month later. Hence, a total of 45 serum
samples were taken from Cohort 2 at various time
points. The third cohort included 15 HCW who were
vaccinated three times with the Comirnaty vaccine
and had a breakthrough infection with BA.1; sera were
obtained from them 1 month after the infection (Cohort
3 in the Table). We compared the geometric mean titres
(GMTs) in the different cohorts, using the unvaccinated
individuals as the baseline comparison. Demographic
data and vaccination information of all HCW participat-
ing in this study is provided in the Table.

Cultured virus samples were obtained from SARS-CoV-
2-infected individuals and subjected to whole genome
sequencing (Illumina COVID-seq kit on Illumina
NovaSeq, Cambridge, United Kingdom) to identify the
WT  (hCoV1i9/Israel/CVL-45526-ngs/2020), Omicron
BA.1 (hCoV-19/Israel/CVL-n49814/2021), Omicron BA.2

(hCoV-19/Israel/CVL-n51046/2022), Omicron BA.4
(hCoV-19/Israel/CVL-n51653/2022) and Omicron BA.g
(hCoV-19/Israel/CVL-n51658/2022). To test the neu-
tralisation capacity of the sera, a median tissue cul-
ture infectious dose (100 TCID50) of WT and Omicron
(BA.1, BA.2, BA.4 and BA.5) SARS-CoV-2 isolates were
incubated with serially diluted (1:8 to 1:16,384) inac-
tivated serum (30 min, 56°C) in 96-well plates for 60
min at 33°C. Virus—serum mixtures were then added to
VERO-E6 cells and incubated for 5 days at 33°C, after
which cells were stained with Gentian violet dye (1%).
Neutralising capacity was determined by the high-
est serum dilution at which no cytopathic effect was
observed. The GMT and its 95% confidence interval (Cl)
are reported for each variant by cohort.

Omicron BA.1 infection in unvaccinated HCW induced
lower neutralisation efficiency (compared with neutral-
isation observed following vaccination) against BA.1
and BA.2, but practically no effective neutralisation
against BA.4, BA.5 or WT (Figure 2A; Supplementary
Table S1 lists the GMT and 95% Cl raw data used for
this Figure). The neutralisation efficiency against the
WT of the antibodies collected from HCW who had
received three vaccine doses was significantly higher
than that of infected unvaccinated HCW (Figure 2A
and B). Following breakthrough infection of vaccinated
individuals, the neutralisation efficiency, particularly
against the WT virus, but also against the various
Omicron variants, was further elevated (Figure 2B).
The baseline neutralisation efficiency in HCW who had
been immunised four times was significantly higher
than that of HCW vaccinated three times (Figure 2B
and Q). Following infection, the neutralisation capacity
against the WT virus and the various Omicron variants
was significantly elevated (Figure 2C).

Neutralisation efficiency against BA.; was lowest
among all Omicron variants, even among HCW infected
with BA.1 following three or four vaccine doses (respec-
tively GMT =161; 95% Cl: 104-229, Figure 2B and
GMT = 154; 95% Cl: 105—247, Figure 2C). Neutralisation
efficiency against the WT virus was greater after four
than three vaccinations (Figure 3). In contrast, neutrali-
sation efficiency against BA.4 and BA.5 was similar in
HCW vaccinated three or four times (Figure 3).

Discussion

The SARS-CoV-2 Omicron variant was discovered on 24
November 2021, in South Africa and declared a VOC
by the World Health Organization. In the subsequent
months, multiple lineages of the Omicron variants
(BA.1, BA.2, BA.4 and BA.5) emerged. Omicron variants
are highly transmissible and escapes neutralising anti-
bodies induced by the currently available vaccines and
previous SARS-CoV-2 infections [9].

Here, we evaluated neutralising antibody titres against
SARS-CoV-2 WT and the four Omicron variants in
unvaccinated individuals recovered from BA.1 and
compared them with those of recovered individuals
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TABLE

Details of study participants, healthcare workers recovered from SARS-CoV-2 BA.1 breakthrough infection, Israel, March-
June 2022 (n = 41)

Cohort 1 Cohort 2 Cohort 3
Number of participants 11 15 15
Median age in years (range) 41 (31-58) 57 (33-73) 48.5 (28-68)
Average age 41.9 55 48.14
Male 3 7 4
Female 8 8 11
Average days post third vaccination (range) NA 142.46 (121-166) 134.84 (117-154)
Average days post fourth vaccination (range) NA 15.86 (12-21) NA
Average days post positive PCR result (range) 30.72 (3-32) 16.06 (12-26) 15.3 (10-20)

NA: not applicable; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

who had received three or four doses of vaccine before
infection. Neutralisation efficiency against all Omicron
variants was significantly higher in individuals who
were vaccinated before BA.1 infection compared with
unvaccinated recovered individuals. Neutralisation
efficiency against BA.5 was lowest in all HCW and neu-
tralisation efficiency against the WT was higher than
against the Omicron variants. While it is not surpris-
ing that neutralisation efficiency against the WT virus
increased with the number of vaccinations (as the
spike RNA of the WT virus is present in the vaccine),
neutralisation against Omicron variants was lower than
against WT. This is probably because the spike protein
of all Omicron variants is different than that of the WT
virus [10]. Neutralisation efficiency was low against
BA.2, BA.4 and BA.5 probably because of the D4osN
and F486V mutations.

It is important to note that the data for the third dose
are from much longer after vaccination (5 months) than
for the fourth dose (1 month), still Omicron neutralisa-
tion was more or less equal between the two groups.
Still, some sera from people who had recovered from
BA.1 infection did neutralise, and that in vitro neu-
tralisation with serum only partially informs about the
real protection against infection, as it does not inform
about mucosal IgA, cellular responses or about protec-
tion against severe outcomes.

Conclusion

We report a low neutralisation efficiency against BA.4
and BA.5 even in sera obtained from BA.1-recovered
HCW who previously received three or four vaccine
doses. These findings suggest that an Omicron-specific
vaccination might be indicated.
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FIGURE 2

Microneutralisation of different SARS-CoV-2 variants, sera from healthcare workers in relation to vaccination and BA.1
infection, Israel, March—June 2022 (n = 41)
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SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

The numbers over the bars indicate geometric mean titres. The whiskers indicate 95% confidence intervals.
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FIGURE 3
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The fold change of SARS-CoV-2 neutralising antibody
titres in sera from healthcare workers after COVID-19
vaccination and BA.1 infection, Israel, March-June 2022
(n =41)
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The fold-change in neutralising antibody titres of BA.1
convalescent HCW who previously received three or four
BNT162b2 doses, compared with unvaccinated BA.1-
convalescent HCW. The dashed line at 1 indicates no change.
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