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Abstract:

SARS-CoV-2 variants brought new waves of infection worldwide. In particular,
Delta variant (B.1.617.2 lineage) has become predominant in many countries. These
variants raised the concern for their potential immune escape to the currently approved
vaccines. ZF2001 is a subunit vaccine received emergency use authorization (EUA) in
both China and Uzbekistan, with more than 100-million doses administrated with a
three-dose regimen. The tandem-repeat dimer of SARS-CoV-2 spike protein receptor
binding domain (RBD) was used as the antigen. In this work, we evaluated the
neutralization of ZF2001-elicited antisera to SARS-CoV-2 variants including all four
variants of concern (Alpha, Beta, Gamma and Delta) and other three variants of interest
(Epsilon, Eta and Kappa) by pseudovirus-based assay. We found antisera preserved
majority of the neutralizing activity against these variants. E484K/Q substitution is the
key mutation to reduce the RBD-elicited sera neutralization. Moreover, ZF2001-
elicited sera with a prolonged intervals between the second and third dose enhanced the

neutralizing titers and resilience to SARS-CoV-2 variants.
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SARS-CoV-2 variants are continually emerging and becoming the circulating strains
in many countries. Several highly transmissible variants of concern (VOCs) showed
altered pathogenicity and become dominant worldwide, including B.1.1.7 (Alpha),
B.1.351 (Beta), P.1 (Gamma) and B.1.617.2 (Delta) lineages (www.who.int). Some
variants were reported to escape the immunity acquired by natural infection or
vaccination, bringing a global concern for the effectiveness of the currently approved
vaccines!. In particular, the recently emerged Delta variant have caused another wave
of infection worldwide’. The effect of the mRNA vaccines (mRNA-1273 and
BNT162b2) and the adenovirus vector-based vaccine ChAdOx1 against Delta variants
have been evaluated in both serum neutralization and real-world protection*!!. These
vaccines showed various reduction of neutralization against Delta variant ranging from
1.4- to 9-fold based on different methods*?, and substantial reduction in real-world
protection!%!!,

ZF2001 1s a protein subunit vaccine, currently in phase 3 clinical trials, using tandem-
repeat SARS-CoV-2 spike receptor-binding domain (RBD) dimer as the antigen'>!3,
ZF2001 has received emergency use authorization (EUA) in both China and Uzbekistan
since March, 2021 and is rolling out for vaccination with a three-dose regimen. ZF2001-
elicited serum showed a 1.6-2.8-fold reduction in neutralization of B.1.351 variant!*1>,
Here, we used the vesicular stomatitis virus (VSV)-based pseudotyped virus expressing
SARS-CoV-2 spike to test the neutralization activity of ZF2001 to a panel of variants,

including all four VOCs: Alpha (B.1.1.7 lineage), Beta (B.1.351 lineage), Gamma (P.1

lineage) and Delta (B.1.617.2 lineage). Another three important variants of interest


https://doi.org/10.1101/2021.07.15.452504
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.15.452504; this version posted July 16, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

(VOIs), Epsilon (B.1.429 lineage), Eta (B.1.525 lineage) and Kappa (B.1.617.1
lineages), were also included. SARS-CoV-2 Wild type strain (Wuhan-1 reference strain)
was tested for comparison'®!”. The mutation site of each variant in spike was listed in
Supplementary Fig. 1.

Sera from 28 candidates (13 males and 15 females) receiving full vaccination of 3-
dose ZF2001 were collected to measure the 50% pseudovirus neutralization titer
(pVNTsp). Detailed information regarding the vaccination and blood sampling time
intervals were summarized in Table S1. We found all 28 serum samples efficiently
neutralized pseudotyped virus expressing wild-type spike (Wuhan-1 reference strain),
with the pVNTSso higher than 1:20. We found the neutralizing titer did not decline, but
slightly increased (1.1 fold to WT, P>0.05), against either D614G- or B.1.1.7 (N5S01Y
mutation in RBD)-spike pseudovirus (Fig.1A, B and Fig.S1-2). However, variant with
single mutation at L452R in RBD (B.1.429 [Epsilon]-spike) or double mutations at both
L452R and T478K in RBD (B.1.617.2 [Delta]-spike) showed roughly equivalent
sensitivity to ZF2001-elicited antisera as compared with pseudovirus expressing WT-
spike (-1.1 and -1.2 fold to WT, respectively; p>0.05) (Fig.1A, E, H and Fig.S1-2).
Therefore, ZF2001 preserved the neutralizing activity against the newly emerging but
highly transmissible Delta variant. In contrast, the variants with E484K/Q substitution
in RBD showed more pronounced reduction in sensitivity (B.1.351 [Beta]-spike, -1.8
fold, p=0.0071; P.1 [Gamma]-spike, -1.5 fold, p=0.0505; B.1.525 [Eta]-spike, -2.0 fold,
p=0.0021; B.1.617.1 [Kappa] spike, -2.1 fold, p<0.0001) (Fig.1A, C, D, F, G and

Fig.S1-2), which is consistent with what has been reported for ZF2001-elicited antisera
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against authentic B.1.351 lineage virus'*!>. Unlike other approved vaccines targeting
whole virus or full spike protein, ZF2001 only targets RBD'>!%. Our result in sera level
is consistent with the previous finding in monoclonal antibody level that RBD-targeting
antibodies are resilient to SARS-CoV-2 variants because of a more dispersed
neutralizing epitopes in RBD compared with NTD'.

Further, the volunteers with an extended interval between the second and third doses
(0-1-(4-6) regimen) showed higher neutralizing activity and resilience to variants than
those with shorter interval (0-1-2 regimen) (Fig.2), which is consistent with a prior work
for neutralization of B.1.351 lineage virus by the ZF2001-elicited antisera'. In the 0-
1-2 group, the antisera neutralization titers were significant reduced against six of the
seven variants except B.1.1.7 (Figs.2A and 2C). In contrast, in the 0-1-(4-6) group,
significant reduction of neutralization titer was only detected against the B.1.617.1-
spike lineage virus (double mutations at L452R and E484Q in RBD) (Fig.2A, C and
Fig. S1). The better performance of the 0-1-(4-6) regimen is likely due to the benefit
from the prolonged antibody maturation in individuals'*. Our data are consistent with
the fact that the 0-1-6 regimen has been widely used for other subunit vaccines, such as
Hepatitis B virus vaccine, and provide guidance to further optimize the vaccination
regimen.

In this work, we provide preliminary evidence of the approved RBD-based protein
subunit vaccine for its neutralization profile to SARS-CoV-2 variants. Given the
positive correlation between neutralizing titer and protection efficacy?’, the sera

neutralization variation between variants should be taken into account for the vaccine
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effectiveness. The high susceptibility of these newly emerged variants to ZF2001
vaccine supports the current mass immunization to build a herd immunity. However,
the vaccine effectiveness against these variants must be validated by phase 3 clinical

trials and real-world evidences.

Acknowledgments

We thank all the volunteers for providing blood samples. This work was supported by
the intramural special grant for SARS-CoV-2 research from the Chinese Academy of
Sciences; the Strategic Priority Research Program of the Chinese Academy of
Sciences (XDB29010202) to G.F.G. X.Z. 1s supported by Beijing Nova program of
Science and Technology (Z191100001119030), and Youth Innovation Promotion
Association of the CAS (20200920). L.D. is supported by Youth Innovation

Promotion Association of the CAS (2018113).

Author contributions

GFG, LD and PH conceived and designed the study. XZ, LD, PH and QW designed,
and coordinated the experiments. XZ, AZ, DL and RZ performed experiments. HS
recruited volunteers and coordinated the blood samples. XZ and AZ analyzed the
data. GFG, XZ and LD drafted and revised the manuscript. All authors reviewed and

approved the final manuscript.

Declaration of interests


https://doi.org/10.1101/2021.07.15.452504
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.15.452504; this version posted July 16, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

L.D. and G.F.G. are listed in the patent as the inventors of the RBD-dimer as a
betacoronavirus vaccine. The patent has been licensed to Anhui Zhifei Longcom for
protein subunit COVID-19 vaccine development. All other authors declare no

competing interests.

Reference:

1. Hoffmann, M., et al. SARS-CoV-2 variants B.1.351 and P.1 escape from neutralizing antibodies.
Cell 184, 2384-2393 e2312 (2021).

2. Zhang, M., et al. Transmission Dynamics of an Outbreak of the COVID-19 Delta Variant
B.1.617.2 — Guangdong Province, China, May—June 2021. China CDC Weekly 3, 584-586 (2021).

3. Campbell, F,, et al. Increased transmissibility and global spread of SARS-CoV-2 variants of
concern as at June 2021. Euro surveillance 26 (2021).

4, Liu, J., etal. BNT162b2-elicited neutralization of B.1.617 and other SARS-CoV-2 variants. Nature
June 10 online (2021).

5. Wall, E.C,, et al. Neutralising antibody activity against SARS-CoV-2 VOCs B.1.617.2 and B.1.351
by BNT162b2 vaccination. The Lancet 397, 2331-2333 (2021).

6. Liu, C., et al. Reduced neutralization of SARS-CoV-2 B.1.617 by vaccine and convalescent serum.
Cell 184, 1-17 (2021).

7. Edara, V.V, et al. Infection and Vaccine-Induced Neutralizing-Antibody Responses to the SARS-
CoV-2 B.1.617 Variants. The New England journal of medicine July 7 online(2021).

8. Mlcochova, P, et al. SARS-CoV-2 B.1.617.2 Delta variant emergence and vaccine breakthrough.
(Research Square, 2021).

9. Planas, D., et al. Reduced sensitivity of SARS-CoV-2 variant Delta to antibody neutralization.
Natureluly 8 online (2021).

10. Bernal, J.L., et al. Effectiveness of COVID-19 vaccines against the B.1.617.2 variant. medRxiv
(2021).

11. Sheikh, A., McMenamin, J., Taylor, B. & Robertson, C. SARS-CoV-2 Delta VOC in Scotland:

demographics, risk of hospital admission, and vaccine effectiveness. The Lancet 397, 2461-
2462 (2021).

12. Dai, L., et al. A universal design of betacoronavirus vaccines against COVID-19, MERS, and SARS.
Cell 182, 722-733 711 (2020).
13. Yang, S., et al. Safety and immunogenicity of a recombinant tandem-repeat dimeric RBD-based

protein subunit vaccine (ZF2001) against COVID-19 in adults: two randomised, double-blind,
placebo-controlled, phase 1 and 2 trials. The Lancet Infectious Diseases S1473-3099(2021).

14. Cao, Y., et al. Humoral immune response to circulating SARS-CoV-2 variants elicited by
inactivated and RBD-subunit vaccines. Cell Res. 31, 732-741 (2021).
15. Huang, B., et al. Serum sample neutralisation of BBIBP-CorV and ZF2001 vaccines to SARS-CoV-

2 501YV2. The Lancet Microbe 2, e285 (2021).


https://doi.org/10.1101/2021.07.15.452504
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.15.452504; this version posted July 16, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

16. Liu, K., et al. Binding and molecular basis of the bat coronavirus RaTG13 virus to ACE-2 in
humans and other species. Cell 184, 3438-3451 (2021).

17. Zhang, Z., et al. The molecular basis for SARS-CoV-2 binding to dog ACE2. Nature
communications 12, 4195 (2021).

18. Dai, L. & Gao, G.F. Viral targets for vaccines against COVID-19. Nat. Rev. Immunol. 21, 73-82
(2021).

19. McCallum, M., et al. N-terminal domain antigenic mapping reveals a site of vulnerability for
SARS-CoV-2. Cell 184, 2332-2347 2316 (2021).

20. Khoury, D.S., et al. Neutralizing antibody levels are highly predictive of immune protection from

symptomatic SARS-CoV-2 infection. Nat. Med., May 17 online pp 1-7 (2021).


https://doi.org/10.1101/2021.07.15.452504
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.15.452504; this version posted July 16, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

a b 1.1x c %,
10240 283 323 313 151 188 266 148 136 235 4 -1.9x
= ; Ms ns | — |
> -1.0 -
S < 104 R r&
: g’ ~— o——o—*
@ o ;
= = 0] S ———
: e B= | E
= = g
4 o
= I = A
%_ 101 R \
1 1 T 1 1 T
A @
& AT N F ¥ i
S@ QT $§> Q
d e f h
ns ns £z 3 g *kkk ns
-1.5x -1.1x -1.9x -2.1x -1.2x
I kkk L ns ! r kkk | o & 1
104 -1.7x -1.2x -2.2% 2.4x -1.4x

T
Al
T
AL
T
| )
T
g7l
T
il

— — — — —="
--- 8 S . -_!_:_- T = -_’._:___ - -.’.:.-- conl camee= - -
107 T |\| T |\| T |\i T T T T:T\u_
«*Qz Q)'\b‘@ Q¥ '\*Qo 31 »\P{‘tb < %\b@ \?’(ﬁ) QS ? '\*QQ Qa'\b‘o o
$§b Q s@ 2 $@ O o $§b " uN @@ Q Q;'\

Figure 1: Pseudotyped virus neutralization of SARS-CoV-2 variants in ZF2001-
elicited serum samples.

a: 50% pseudovirus neutralization titer (pVNTs0) against VSV-expressing wild type
spike or eight spike variants of SARS-CoV-2 in sera from 28 volunteers receiving three
doses of ZF2001 vaccination. The variants including the parental variant D614G, four
VOCs (B.1.1.7, B.1.351, P.1 and B.1.617.2 lineages), and three variants of interest
(B.1.429, B.1.525 and B.1.617.1 lineages) listed by WHO. The geometric mean titer
(GMT) was marked on top of each column and lined with 95% confidential interval
(CI) shown as horizontal bars. The dashed line indicates the lower limit of detection.
The GMT lower than 20 were considered negative and calculated as 10 in the statistical
analysis. b-h shows the pVNT5 titer against each of the seven variants compared with

wild type and D614G. Fold change and significance compared with both wild type and
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D614G were shown in each panel. (¥, p<0.05; **, p<0.01; **, p<0.001; ****
p<0.0001). Neutralization values between different variants were analyzed with two-
tailed Wilcoxon matched-pairs signed rank test. pVNTso of each sample is tested by

two repeats.
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Figure 2: Pseudotyped virus neutralization of SARS-CoV-2 variants in ZF2001-
elicited serum samples from people received three dosed in different vaccination
regimen.

a: The pVNTs¢ against variants in volunteers (n=16) with three dose of ZF2001
vaccination at 0, 1, 2 Months. b: The pVNTS50 against variants in volunteers (n=12) with
three doses at 0, 1, 4-6 Months. The geometric mean titer (GMT) was marked on top of
each column and lined with 95% confidential interval (CI) shown as horizontal bars.
The dashed line indicates the lower limit of detection. The GMT lower than 20 were
considered negative and calculated as 10 in the statistical analysis. ¢: Summarization
the fold-change and p value of the pVNTs¢ for the variants from the wild type.
Background color in pink indicates significant GMT increase and in light blue indicates
significant GMT decrease, compare with the GMT to the wild type. White means no
significant change. Neutralization values between different variants were analyzed with
two-tailed Wilcoxon matched-pairs signed rank test. pVNTSso of each sample is tested

by two repeats.


https://doi.org/10.1101/2021.07.15.452504
http://creativecommons.org/licenses/by-nc-nd/4.0/



