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Cross-neutralization of Omicron subvariants after heterologous
NVX-CoV2373 boosters: Comparison between prior
SARS-CoV-2-infected and infection-naive individuals

Dear editors

Since the first emergence in November 2021, the SARS-CoV-
2 B.1.1.529 (Omicron) variant had become the dominant strain
worldwide, leading to a large increase in the number of COVID-
19 cases. After then, the antecedent Omicron BA.1 strain has been
replaced by Omicron BA.4 and BA.5 subvariants, which are highly
transmissible, and more immune-evading from vaccines (1). In a
previous study by Yadav et al, reduced neutralization was ob-
served against Omicron variant after 2-dose primary series vacci-
nation (2). Booster vaccination is expected to enhance the cross-
neutralization activity against Omicron subvariants.

The Nuvaxovid™ (NVX-CoV2373), a recombinant protein-based
vaccine with feasible cold chain requirement, has been granted
as a booster in several countries. Although NVX-CoV2373 booster
vaccination presented promising immunogenicity, its cross-reactive
immunogenicity against Omicron subvariants of SARS-CoV-2 has
not been reported (3,4). From March to April of 2022, we prospec-
tively recruited individuals scheduled to receive NVX-CoV2373, in-
cluding those who had completed two-dose (n = 9, aged 19-49
years) or three-dose (n = 41, aged >60 years) vaccination approx-
imately five months ago (Supplementary Fig. 1). They previously
received either homologous or heterologous vaccination with ChA-
dOx1, BNT162b2, or mRNA-1273 (Supplementary Table 1). Anti-
nuclear capsid protein (anti-N) antibodies were measured in these
individuals to determine prior SARS-CoV-2 infection status using
the SARS-CoV-2 IgG assay (Abbott Laboratories, Chicago, IL, USA).
This study was approved by the Institutional Review Boards of Ko-
rea University Guro Hospital (2021GR0099) and International St.
Mary’s Hospital (S21MIMEO045). Written informed consent was
obtained from all participants.

Baseline characteristics of the participants are presented in Sup-
plementary Table 1. Participants in the third-dose booster group
completed two-dose primary series vaccination 5.5 months (me-
dian) ago, while those in the fourth-dose booster group received
the prior third dose 4.7 months (median) ago (Supplementary Fig.
1). Individuals with fourth-dose booster were older than those
with third-dose booster, since the fourth-dose booster had been
recommended only for the older-adults during the study period.
Thus, the median age of individuals with the third and fourth dose
were 27 (range, 19-68 years) and 65 (range, 60-70) years, respec-
tively.

Neutralizing antibody (nAb) titers against Wuhan-1 strain and
Omicron subvariants BA.1 and BA.5 were assessed in age/sex-
matched, prior-infected (n = 9) and uninfected individuals (n = 9),

https://doi.org/10.1016/j.jinf.2022.09.018

before (TO) and three weeks (T1) after the fourth dose of vaccina-
tion. These values were compared with the titers of infection-naive
individuals who received the third dose (n = 6). For the nAb anal-
ysis, a plaque reduction neutralization test (PRNT) was performed
using wild-type SARS-CoV-2 (8CoV/Korea/KCDC03/2020 NCCP No.
43,326), Omicron BA.1 subvariant (GRA: B.1.1.529 NCCP No. 43,408),
and Omicron BA.5 subvariant (GRA: BA.5 NCCP No. 43,426) as de-
scribed previously (5). The methods of PRNT and statistical analysis
were described in Supplementary appendix. Among infection-naive
individuals, although fold-change was smaller after the fourth
dose, third (3.8-14.7-fold) and fourth doses (1.8-2.5-fold) boosted
the nAbs against both wild-type and Omicron subvariants (Fig. 1A).
However, only a marginal increase (1.0-1.4-fold) in nAb titers
was observed in prior-infected individuals after the fourth dose
(Fig. 1A).

Median nAb titers for Omicron BA.5 were 212 in infection-naive,
third-dose recipients; 127 in infection-naive, fourth-dose recipi-
ents; and 679 in prior-infected, fourth-dose recipients (Fig. 1B).
Prior-infection was associated with significant cross-reactive im-
munity against Omicron BA.5. Therefore, booster vaccination would
be more helpful in infection-naive individuals. Before booster vac-
cination, the nAb titers against BA.1 or BA. 5 variants were lower
compared to those against the wild-type strain by a factor of
4 to 22. The fold difference between wild-type strain and Omi-
cron subvariants became smaller in infection-naive individuals af-
ter booster vaccination (Supplementary Table 2 and Supplementary
Fig. 2).

Additionally, we investigated the antibody kinetics up to 3
months among individuals >60 years who received NVX-CoV2373
as fourth-dose booster (n = 41), stratified by prior SARS-CoV-2 in-
fection. Anti-SARS-CoV-2 spike protein (anti-S) IgG antibodies were
measured before booster (T0), three weeks (T1), and three months
(T2) after booster dose (Supplementary Fig. 1) using electrochemi-
luminescence immunoassay (Elecsys anti-SARS-CoV-2 spike ECLIA,
Roche Diagnostics, Pleasanton, CA, USA), according to the man-
ufacturer’s instructions. Eighteen (43.9%) participants tested pos-
itive for anti-N antibody at baseline screening, and one partici-
pant became positive-converted during the follow-up period. Anti-
S antibody titers were higher in prior-infected individuals than
in infection-naive ones (Fig. 2). Fourth-dose vaccination did not
increase the anti-S antibody titers in prior-infected individuals,
demonstrating ceiling effect.

In conclusion, both third- and fourth-dose heterologous NVX-
CoV2373 boosters enhanced cross-reactive immunity against Omi-
cron BA.1/BA.5 subvariants among infection-naive individuals. Al-
though repeated vaccination at short intervals showed ceiling ef-
fect in prior-infected individuals, which was consistent with previ-
ous reports, prior SARS-CoV-2 infection may provide better cross-
protection against diverse Omicron subvariants (6,7).

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Neutralization titers against wild-type Wuhan-1 strain and Omicron subvariants BA.1 and BA.5 in individuals who received the third or fourth dose vaccination with
NVX-CoV2373. In panel A, upper part shows neutralization titers against wild-type Wuhan-1 strain and Omicron subvariants BA.1 and BA.5 in six infection-naive individuals
before (TO) and at three weeks (T1) after the third dose of vaccination with NVX-CoV2373 excluding three anti-N antibody-positive recipients. Lower part of panel A shows
neutralization titers against wild-type Wuhan-1 strain and Omicron subvariants BA.1 and BA.5 in nine infection-naive and nine prior-infected individuals before (TO) and at
three weeks (T1) after the fourth dose of vaccination with NVX-CoV2373. Fold-changes of geometric mean titers are presented in panel A. In Panel B, neutralizing antibody
titers against wild-type Wuhan-1 strain and Omicron subvariants BA.1 and BA.5 are compared at each time point (TO and T1) depending on prior infection and vaccine dose
(third versus fourth). Median titers (horizontal black lines) are presented with the median titer values. The median neutralizing titer (ND50) was defined as the concentration
of the antibodies that reduced the number of viruses by 50%.
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Fig. 2. Anti-SARS-CoV-2 spike protein (anti-S) IgG antibody kinetics, stratified by previous SARS-CoV-2 infection status. Anti-S antibody titers in samples obtained from 41

participants before fourth dose (TO) and 3 weeks (T1) and 3 months (T2) after the fourth dose. Median titers (black bars) are shown numerically. P-value resulting from
Wilcoxon test (*p < 0.05, **p < 0.01, ***p < 0.001).
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