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Omicron SARS-CoV-2 Neutralization from 
Inactivated and ZF2001 Vaccines

To the Editor: In the third year of the corona-
virus disease 2019 (Covid-19) pandemic, the omi-
cron variant of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) has swept the globe 
and yielded several subvariants.1,2 Currently, BA.2 
is overtaking BA.1 in frequency. In addition, 
BA.2.12.1 infection is increasing quickly and al-
ready accounts for more than 50% of new infec-
tions in the United States. Therefore, the protec-
tion of current vaccines and the need to develop 
future vaccination strategies are of great concern.

In this study, we used a pseudovirus assay to 
assess the neutralizing antibody titers in serum 
samples obtained from vaccinees against the 
SARS-CoV-2 prototype (PT) isolate and against 
omicron subvariants BA.1, BA.1.1, BA.2, 
BA.2.12.1, BA.3, BA.4, and BA.5. The vaccinees 
had received three doses of one of two inacti-
vated virus vaccines (CoronaVac and BBIBP-CorV) 
that are widely used in China, three doses of the 
protein-subunit vaccine ZF2001 (which uses a 
dimeric receptor-binding domain [RBD] as the 
antigen), or two doses of CoronaVac boosted by 
ZF2001 (Fig. 1 and Figs. S2–S6 and Tables S1–S3 
in the Supplementary Appendix, available with 
the full text of this letter at NEJM.org).

In each vaccine group, the neutralizing anti-
body titers against all the tested omicron subvari-
ants were significantly lower than corresponding 
titers against the PT isolate, findings that indi-
cate substantial immune escape for the omicron 
subvariants. Decreases in neutralizing titers were 
associated with mutations in the spike proteins.3,4 
BA.1.1 and BA.2 had neutralization similar to 
that of BA.1 (within a factor of 1.5). BA.2.12.1 
(which has an extra L452Q mutation in its RBD, 
as compared with BA.2) had lower neutraliza-
tion by a factor of 1.4 to 1.7. In each of the vac-
cinated groups, the neutralizing antibody titers 
against BA.4 and BA.5, the subvariants that are 
currently dominant in South Africa and that 
have the potential to be the next pandemic sub-

variants worldwide, were lower by a factor of 2.1 
to 2.6 than titers against the BA.2 subvariant. 
This finding indicated that two mutations (L452R 
and F486V) in the RBD, as compared with the 
RBD in the BA.2 subvariant, resulted in lower 
antibody neutralization efficiency elicited by cur-
rent vaccines designed on the basis of the PT se-
quence.

To determine a better strategy for administer-
ing ZF2001 vaccines, we collected samples from 
the vaccinees 1 month after the third dose of 
vaccine. We then subdivided this group into three 
subgroups, according to the interval between 
the second dose and the third dose: 1 month, 
2 months, and 4 to 6 months (prolonged-inter-
val subgroup). Moreover, to test the persistence 
of neutralizing antibodies in the prolonged-inter-
val subgroup after ZF2001 vaccination, we ob-
tained serum samples 4 to 7 months after the 
third dose.

We found that neutralizing antibody titers 
increased with the increasing interval between 
the second and third doses, especially against the 
omicron subvariants. In vaccinees who had an 
interval of 4 to 6 months between the second 
and third doses, neutralizing antibody titers 
were higher by nearly a factor of 10 against the 
PT isolate and by a factor of approximately 30 
against all omicron subvariants, as compared with 
vaccinees who had a 1-month interval between 
doses (P<0.001) (Table S3). Vaccinees in the pro-
longed-interval subgroup were 100% seropositive 
against all the omicron subvariants that were 
tested (Fig. S5). In the samples obtained 6 months 
after the last dose of vaccine in the prolonged-
interval subgroup, neutralizing antibody titers 
against all omicron subvariants and seropositive 
rates were higher than those in samples obtained 
1 month after the last dose in the short-interval 
subgroup. The heterologous-boosted group had 
higher neutralizing antibody titers against the PT 
isolate and all omicron subvariants than the 
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groups that had received three doses of the same 
inactivated vaccine. However, the factor reductions 
in the response against the BA.2, BA.2.12.1, 
BA.4, and BA.5 subvariants as compared with 
the response against the PT isolate were greater 
in the heterologous-boosted group than in the 
inactivated-vaccine group. This finding indicated 
that these subvariants had more mutations in the 
RBD, which resulted in immune escape.

The rapid emergence of new variants makes 

variant-specific vaccine development difficult. 
Our findings show that a better immunization 
strategy for current vaccines could contribute to 
higher neutralization levels of omicron subvari-
ants. Because the ZF2001 vaccine consists of a 
protein subunit with a focused antigen on the 
RBD, its use could induce increased titers of 
neutralizing antibodies against omicron subvari-
ants through the administration of multiple 
booster doses and immune-maturation methods. 
However, the development of updated vaccines 
as boosters is needed for better protection against 
immune escape of current subvariants (especially 
BA.4 and BA.5) and possible future epidemic 
subvariants.5

Xin Zhao, Ph.D.
Institute of Microbiology of the Chinese Academy of Sciences 
Beijing, China

Rong Zhang, B.Sc.
Guangxi University 
Nanning, China

Shitong Qiao, B.S.A.
Institute of Microbiology of the Chinese Academy of Sciences 
Beijing, China

Xiao Wang, B.Sc.
Yunnan University 
Kunming, China

Weibing Zhang, M.S.A.
Shanxi Academy of Advanced Research and Innovation 
Taiyuan, China

Wenjing Ruan, B.Sc. 
Lianpan Dai, Ph.D.
Institute of Microbiology of the Chinese Academy of Sciences 
Beijing, China

Pengcheng Han, Ph.D.
Southeast University 
Nanjing, China

George F. Gao, D.Phil.
Institute of Microbiology of the Chinese Academy of Sciences 
Beijing, China 
gaof@  im . ac . cn

Dr. Zhao, Ms. R. Zhang, and Mr. Qiao contributed equally to 
this letter.

Supported by grants (2020YFA0907102 and 2020YFA0509202) 
from the National Key Research and Development Program of 
China, by a grant (XDB29010202, to Dr. Gao) from the Strategic 
Priority Research Program of the Chinese Academy of Sciences, 
by a grant (81991494) from the National Natural Science Foun-
dation of China, and a grant (INV-006377) from the Bill and 
Melinda Gates Foundation. Dr. Zhao is supported by a grant 
(Z191100001119030) from the Beijing Nova Program of Science 
and Technology and a grant (2020092) from the Youth Innova-
tion Promotion Association of the Chinese Academy of Sciences. 
Dr. Dai is supported by a grant (82122031) from the Excellent 
Young Scientist Program of the National Natural Science Foun-

Figure 1 (facing page). Neutralizing Antibodies against 
Omicron Subvariants Induced by ZF2001 and Inactivated 
Virus Vaccines.

Panel A shows the mutations in the spike protein of 
omicron subvariants BA.1, BA.1.1, BA.2, BA.2.12.1, 
BA.3, BA.4, and BA.5. (The latter two subvariants are 
grouped together because they have the same spike 
protein.) The amino acid differences in omicron sub-
variant sequences from those in the SARS-CoV-2 pro-
totype isolate (PT) — including substitutions, dele-
tions, and insertions — are highlighted in gold. The 
third type of amino acid on the same locus is marked 
in red. Deletion mutations are shown as blank squares 
with background color. CT denotes C-terminal cyto-
plasmic domain, NTD N-terminal domain, RBD recep-
tor-binding domain, SP signal peptide, S2 S2-protein 
subunit, and TM transmembrane domain. Panels B 
through G show the 50% pseudovirus neutralization 
titers (pVNT

50
) against the listed PT isolate and omi-

cron subvariants BA.2, BA.2.12.1, BA.4, and BA.5. 
Samples are grouped according to the vaccine type 
and immunization strategy. The groups include 20 
vaccinees who received three shots of the ZF2001 vac-
cine at 1-month intervals (Panel B); 9 vaccinees who 
had a 2-month interval between the second and third 
doses (Panel C); 15 vaccinees who had a prolonged 
interval (4 to 6 months) between the second and third 
doses (Panel D); 16 vaccinees who received three dos-
es of an inactivated vaccine (Panel E); and 19 vaccinees 
who received two doses of an inactivated vaccine 
boosted by the ZF2001 vaccine (heterologous boost) 
(Panel F). In these five groups, samples were obtained 
approximately 1 month after the last dose had been 
administered. In the sixth group, samples from 16 
vaccinees who had received three doses of the ZF2001 
vaccine with a prolonged-interval strategy were ob-
tained 4 to 7 months after the last dose (Panel G). 
The pVNT

50
 in each group is shown as the geometric 

mean titer (GMT) at the top of each panel, along with 
the factor reduction as compared with the PT isolate; 
the I bars indicate 95% confidence intervals. The dashed 
horizontal line indicates the lower limit of detection 
for the pseudovirus neutralization assay. Values of 
less than 10 for the pVNT

50
 indicate a negative sample 

and were counted as 5. Similar data for subvariants 
BA.1, BA.1.1, and BA.3 are provided in Figure S2 in 
the Supplementary Appendix.



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med   nejm.org 4

dation of China and a grant (2018113) from the Youth Innova-
tion Promotion Association of the Chinese Academy of Sciences.

Disclosure forms provided by the authors are available with 
the full text of this letter at NEJM.org.

This letter was published on July 6, 2022, at NEJM.org.

1. UK Health Security Agency. SARS-CoV-2 variants of concern 
and variants under investigation in England: technical briefing 
40. April 8, 2022 (https://assets . publishing . service . gov . uk/ 
 government/  uploads/  system/  uploads/  attachment_data/  file/ 
 1067672/  Technical - Briefing - 40 - 8April2022 . pdf).
2. Tegally H, Moir M, Everatt J, et al. Continued emergence and 
evolution of omicron in South Africa: new BA.4 and BA.5 lin-

eages. May 2, 2022 (https://www . medrxiv . org/  content/  10 . 1101/ 
 2022 . 05 . 01 . 22274406v1). preprint.
3. Han P, Li L, Liu S, et al. Receptor binding and complex struc-
tures of human ACE2 to spike RBD from omicron and delta 
SARS-CoV-2. Cell 2022; 185(4): 630.e10-640.e10.
4. Yamasoba D, Kimura I, Nasser H, et al. Virological charac-
teristics of the SARS-CoV-2 omicron BA.2 spike. Cell 2022; 
185(12): 2103.e19-2115.e19.
5. Xu K, Gao P, Liu S, et al. Protective prototype-beta and delta-
omicron chimeric RBD-dimer vaccines against SARS-CoV-2. Cell 
2022 April 27 (Epub ahead of print).

DOI: 10.1056/NEJMc2206900
Correspondence Copyright © 2022 Massachusetts Medical Society.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067672/Technical-Briefing-40-8April2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067672/Technical-Briefing-40-8April2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067672/Technical-Briefing-40-8April2022.pdf
https://www.medrxiv.org/content/10.1101/2022.05.01.22274406v1
https://www.medrxiv.org/content/10.1101/2022.05.01.22274406v1

