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Symptomatic reinfection of SARS-CoV-2 with spike protein
variant N440K associated with immune escape

Dear Editor,

A number of cases of reinfections in individuals with SARS-CoV-2
have emerged across the globe.»? With the emergence of genetic
variants associated with immune escape in many regions of the
world, it is being widely believed that immune escape variants could
contribute to an increase in reinfections as well as potentially ad-
versely affect the efficacy of vaccines.>* A recent report also de-
scribes reinfection in a patient with neutralizing antibodies and
identified an immune escape variant in the spike protein.’

Here, we describe a case of reinfection in an individual from
South India characterized by whole genome sequencing of the virus
isolated from both episodes. Analysis shows the presence of an immune
escape variant N440K in the Spike protein in both episodes of infection.
Incidentally, this variant was also found in a case of reinfection pre-
viously reported by us by a healthcare worker from North India.*

In the first episode of infection, the 47-year-old male civil official
from Andhra Pradesh, India, was identified to be positive for
SARS-CoV-2 on July 25, 2020, in nasopharyngeal specimens ana-
lyzed as a part of routine surveillance and was asymptomatic. The
cycle threshold values (C;) were 22.3 and 19.1 for ORF1ab and N
genes, respectively (Labsystems Diagnostic Inc.). The individual tes-
ted negative on August 2, 2020, and tested positive again on Sep-
tember 10, 2020, during routine surveillance, but during this episode,
he was symptomatic with fever, cough, and malaise. The C; values for
the probes targeting ORF1ab and N genes were 21.9 and 19.2, re-
spectively (Labsystems Diagnostic Inc.) during this episode and he
tested negative after 14 days.

The RNA samples were sequenced using COVIDSeq protocol® on
lllumina MiSeq (lllumina Inc) generating paired-end sequencing
(75 % 2bp) reads, which were analysed as per standard protocols.”
Variants were called using VarScan.? Only variants having a frequency
greater than 50% and a minimum depth of 50 reads were considered
for further analysis. Lineages were assigned using PANGOLIN.’

The analysis revealed a total of 15 and 17 genetic variants in the
genomes from the two episodes E1 and E2, respectively, of which 14
variants were common between the two episodes (Figure 1). A close
comparison of the genetic variants with a compendium of immune
escape variants revealed a 22882T>G (Spike: N440K) variant in the
genomes isolated from both episodes of infection. The variant has
previously been shown to emerge in vitro under selective pressure
against the human monoclonal antibody C135 and show resistance

to it.> The variant had a high prevalence of over 33% in the state of

Andhra Pradesh® and has been reported previously in another case
of SARS-CoV-2 reinfection from North India.*

Phylogenetic analysis for the two isolates was done using all
global genomes having the N440K variant, which includes 92 genomes
from India sequenced in-house (BioProject ID: PRJINA655577). The
dataset of global genomes was obtained from GISAID (https://www.
gisaid.org/) by searching for the “Spike_N440K” substitution in the
database. Analysis shows that genomes isolated from the two epi-
sodes fell under two distinct clusters of genomes (Figure 1B). The
genomes clustered closely with other genomes from Andhra Pradesh.
Genome isolates of both episodes were assigned the PANGO lineage
B.1.36. The close resemblance of the genome isolates from the two
episodes of infection yet the presence of distinct variants in the two
genomes suggests that the patient acquired both infections from the
same location in Andhra Pradesh at two different time points.

Recent studies exploring the role of SARS-CoV-2 genetic varia-
tions in escaping immune response has shed light on the possible
mechanisms of the pathogen to evade antibody response and im-
mune reactions. The N440K variant has been reported to be re-
sistant to class 3 monoclonal antibodies (mAbs) C135 and
REGN10987 that are candidates for clinical development.>*%'? Both
C135 and REGN10987 mAbs have been shown to have interactions
focused on the N440 residue of the Spike protein and the close
proximity of the N440 residue to the structural epitope of the mAbs
potentially confers loss of binding and resistance to the neutralizing
effect of the mAbs.>** The variant is also reported to have an en-
hanced binding affinity to the ACE2 receptor in humans.>!* Several
studies have recently documented cases of reinfection with the
presence of the variant E484K in the Spike protein in the second
episode of infection, despite the presence of anti-SARS-CoV-2 anti-
bodies in the patient.”**>* The E484K is a defining variant for the
two circulating SARS-CoV-2 variants of concern, B.1.351 lineage
(20H/501Y.V2) and P.1 lineage (20J/501Y.V3), first identified in
South Africa and Brazil, respectively.'® The variant has also been
individually reported to be associated with escape from several
mAbs>*1¢ and a loss of neutralization activity of antibodies elicited

by vaccines®”*®

and its increasing prevalence across different re-
gions raises concern about its potential impact. The high prevalence
of N440K in India along with the findings presented here and in
other related studies highlights the importance of analyzing the
potential impact of the variant and additional host factors on re-

infections and immune evasion.
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(A) Genetic variants in the genome isolates of the two episodes (denoted as Episode 1 and Episode 2) of SARS-CoV-2 infections.

The 22882T>G (Spike: N440K) variant is marked with an arrowhead. (B) Phylogenetic context of the virus isolates of the two episodes with

other global samples having the N440K variant

ACKNOWLEDGMENTS

The work was supported by the Council of Scientific and Industrial
Research (CSIR India) through grant [CODEST and MLP2005]. Bani
Jolly, Abhinav Jain, and Mohit Divakar acknowledge a research fel-

lowship from CSIR India.

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS
Pallavali R. Rani, Juturu V. Lakshmi, Avileli Surekha, Pulala Chan-
drasekhar, Damam Srinivasulu, and P. R. Vanaja performed the sample

collection, clinical evaluation, and primary diagnosis of the patient.
Mohamed Imran, Vigneshwar Senthivel, Mohit K. Divakar, and Rahul C.
Bhoyar performed the library preparation and sequencing of the sam-
ples. Bani Jolly and Abhinav Jain performed the analysis of the samples.
Vinod Scaria and Sridhar Sivasubbu conceptualized the project, pro-
vided the overview and guidance and contributed to writing the
manuscript with Bani Jolly, Mohamed Imran, Rahul C. Bhoyar, and
Abhinav Jain.

DATA AVAILABILITY STATEMENT
All sequences generated in this study have been submitted to
GISAID (accession IDs EPI_ISL_1103556 and EPI_ISL_1103557).



LETTER TO THE EDITOR

—WI LEY 4165

Pallavali R. Rani®
Mohamed Imran??
Juturu V. Lakshmi*

Bani Jolly?3
Abhinav Jain??
Avileli Surekha®
Vigneshwar Senthivel?®
Pulala Chandrasekhar®

Mohit K. Divakar®?
Damam Srinivasulu®
Rahul C. Bhoyar?
P. R. Vanaja’

Vinod Scaria®®

Sridhar Sivasubbu?®

Virus Research and Diagnosis Laboratory and
Department of Microbiology,

Kurnool Medical College, Kurnool, Andhra Pradesh, India
2CSIR- Institute of Genomics and Integrative Biology (CSIR-IGIB),
Mathura Road, Delhi, India

3Academy of Scientific and Innovative Research (AcSIR),
Ghaziabad, Uttar Pradesh, India

“Department of Microbiology,

Kurnool Medical College, Kurnool, Andhra Pradesh, India
SDepartment of Cardiology,

Kurnool Medical College, Kurnool, Andhra Pradesh, India
Department of General Medicine,

Kurnool medical college, Kurnool, Andhra Pradesh, India
“Department of Biochemistry,

Kurnool medical college, Kurnool, Andhra Pradesh, India

Correspondence

Sridhar Sivasubbu, Genomics and Molecular Medicine
Department, CSIR-Institute of Genomics and Integrative Biology,
Sukhdev Vihar, New Delhi 110025, India.

Email: sridhar@igib.in

Vinod Scaria, G. N. Ramachandran Knowledge Center for Genome
Informatics, CSIR-Institute of Genomics and Integrative Biology,
Sukhdev Vihar, New Delhi 110025 India.

Email: vinods@igib.in

Pallavali R. Rani and Mohamed Imran contributed

equally to this manuscript.

ORCID

Bani Jolly https://orcid.org/0000-0001-7969-1606

Mohit K. Divakar "= https://orcid.org/0000-0002-6731-9249
Vinod Scaria http://orcid.org/0000-0001-7644-7181
REFERENCES

1. Gupta V, Bhoyar RC, Jain A, et al. Asymptomatic reinfection in 2
healthcare workers from india with genetically distinct severe

10.

11.

12.

13.

14.

15.

16.

17.

18.

MEDICAL VIROLOGY

acute respiratory syndrome coronavirus 2 [online ahead of print].
Clin Infect Dis. 2020;ciaal451. https://doi.org/10.1093/cid/
ciaal451/34031831/ciaal1451

To KK-W, Hung IF-N, Ip JD, et al. COVID-19 re-infection
by a phylogenetically distinct SARS-coronavirus-2 strain
confirmed by whole genome sequencing [online ahead of print].
Clin Infect Dis. 2020;ciaal275. https://doi.org/10.1093/cid/
ciaal275

Weisblum Y, Schmidt F, Zhang F, et al. Escape from neutralizing
antibodies by SARS-CoV-2 spike protein variants. eLife. 2020;9:
e61312. https://doi.org/10.7554/eLife.61312

Baum A, Fulton BO, Wloga E, et al. Antibody cocktail to SARS-CoV-2
spike protein prevents rapid mutational escape seen with individual
antibodies. Science. 2020;369:1014-1018.

Nonaka CKV, Franco MM, Gré&f T, et al. Genomic evidence of a
SARS-CoV-2 reinfection case with E484K spike mutation in
Brazil. Emerg Infect Dis. 2021;27(5). https://doi.org/10.3201/
€id2705.210191

Bhoyar RC, Jain A, Sehgal P, et al. High throughput detection and
genetic epidemiology of SARS-CoV-2 using COVIDSeq next-
generation sequencing. PLoS One. 2021;16:€0247115.

Poojary M, Shantaraman A, Jolly B, Scaria V. Computational Pro-
tocol for Assembly and Analysis of SARS-nCoV-2 Genomes Res
Rep. 2020. http://www.companyofscientists.com/index.php/rr/
article/view/165. Accessed February 21, 2021.

Koboldt DC, Chen K, Wylie T, et al. VarScan: variant detection in
massively parallel sequencing of individual and pooled samples.
Bioinformatics. 2009;25(17):2283-2285.

Rambaut A, Holmes EC, O'Toole A, et al. A dynamic nomenclature
proposal for SARS-CoV-2 lineages to assist genomic epidemiology.
Nat Microbiol. 2020;5(11):1403-1407.

Jolly B, Rophina M, Shamnath A, et al. Genetic epidemiology of
variants associated with immune escape from global SARS-CoV-2
genomes. bioRxiv. 2020. https://doi.org/10.1101/2020.12.24.
424332

Starr TN, Greaney AJ, Hilton SK, et al. Deep mutational scanning of
SARS-CoV-2 receptor binding domain reveals constraints on folding
and ACE2 binding. Cell. 2020;182(5):1295-1310.

Barnes CO, Jette CA, Abernathy ME, et al. SARS-CoV-2 neutralizing
antibody structures inform therapeutic strategies. Nature. 2020;
588:682-687.

Naveca F, da Costa C, Nascimento V, et al. SARS-CoV-2 reinfection
by the new Variant of Concern (VOC) P.1 in Amazonas, Brazil. 2021.
Available at: https://virological.org/t/sars-cov-2-reinfection-by-the-
new-variant-of-concern-voc-p-1-in-amazonas-brazil/596. Accessed
February 21, 2021.

Resende PC, Bezerra JF, Vasconcelos RHT, et al. Spike E484K mu-
tation in the first SARS-CoV-2 reinfection case confirmed in Brazil,
2020. 2021. Available at: https://virological.org/t/spike-e484k-
mutation-in-the-first-sars-cov-2-reinfection-case-confirmed-in-
brazil-2020/584. Accessed February 21, 2021.

Centers for Disease Control and Prevention. Emerging SARS-CoV-2
Variants. 2021. https://www.cdc.gov/coronavirus/2019-ncov/more/
science-and-research/scientific-brief-emerging-variants.html.
Accessed 21 February 2021.

Ku Z, Xie X, Davidson E, et al. Molecular determinants and me-
chanism for antibody cocktail preventing SARS-CoV-2 escape. Nat
Commun. 2021;12:1-13.

Mahase E. Covid-19: Novavax vaccine efficacy is 86% against UK
variant and 60% against South African variant. BMJ. 2021,
372:n296.

Collier DA, De Marco A, Isabella AT, et al. SARS-CoV-2 B.1.1.7
sensitivity to mRNA vaccine-elicited, convalescent and monoclonal
antibodies. medRxiv. 2021. https://doi.org/10.1101/2021.01.19.
21249840


https://orcid.org/0000-0001-7969-1606
https://orcid.org/0000-0002-6731-9249
http://orcid.org/0000-0001-7644-7181
mailto:sridhar@igib.in
mailto:vinods@igib.in
https://orcid.org/0000-0001-7969-1606
https://orcid.org/0000-0002-6731-9249
http://orcid.org/0000-0001-7644-7181
https://doi.org/10.1093/cid/ciaa1451/34031831/ciaa1451
https://doi.org/10.1093/cid/ciaa1451/34031831/ciaa1451
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.7554/eLife.61312
https://doi.org/10.3201/eid2705.210191
https://doi.org/10.3201/eid2705.210191
http://www.companyofscientists.com/index.php/rr/article/view/165
http://www.companyofscientists.com/index.php/rr/article/view/165
https://doi.org/10.1101/2020.12.24.424332
https://doi.org/10.1101/2020.12.24.424332
https://virological.org/t/sars-cov-2-reinfection-by-the-new-variant-of-concern-voc-p-1-in-amazonas-brazil/596
https://virological.org/t/sars-cov-2-reinfection-by-the-new-variant-of-concern-voc-p-1-in-amazonas-brazil/596
https://virological.org/t/spike-e484k-mutation-in-the-first-sars-cov-2-reinfection-case-confirmed-in-brazil-2020/584
https://virological.org/t/spike-e484k-mutation-in-the-first-sars-cov-2-reinfection-case-confirmed-in-brazil-2020/584
https://virological.org/t/spike-e484k-mutation-in-the-first-sars-cov-2-reinfection-case-confirmed-in-brazil-2020/584
https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/scientific-brief-emerging-variants.html
https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/scientific-brief-emerging-variants.html
https://doi.org/10.1101/2021.01.19.21249840
https://doi.org/10.1101/2021.01.19.21249840



