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Background:  Considering  the  potential  threat  from  emerging  Severe  Acute  Respiratory  Syndrome-Corona
Virus-2  (SARS-CoV-2)  variants  and  the  rising  COVID-19  cases,  SARS-CoV-2  genomic  surveillance  is ongo-
ing in India.  We  report  herewith  the  isolation  of the  P.2  variant  (B.1.1.28.2)  from international  travelers
and  further  its  pathogenicity  evaluation  and  comparison  with  D614G  variant  (B.1)  in  hamster  model.
Methods:  Virus  isolation  was  performed  in Vero  CCL81  cells  and  genomic  characterization  by next  gen-
eration  sequencing.  The  pathogenicity  and  host  immune  response  of  the  isolate  was  assessed  in Syrian
hamster  model  and  compared  with  B.1 variant.
Results:  B.1.1.28.2  variant  was  isolated  from  nasal/throat  swabs  of  international  travelers  returned  to
India from  United  Kingdom  and  Brazil.  The  B.1.1.28.2  variant  induced  body  weight  loss,  viral  replication
in  the  respiratory  tract  and  caused  severe  lung  pathology  in infected  Syrian  hamster  model  in  comparison,
with  B.1  variant  infected  hamsters.  The  sera  from  B.1.1.28.2  infected  hamsters  efficiently  neutralized  the
D614G  variant  virus  whereas  6-fold  reduction  in  the  neutralization  was  seen  in case  of D614G  variant
infected  hamsters’  sera  with  the  B.1.1.28.2  variant.

Conclusions:  B.1.1.28.2  lineage  variant  could  be successfully  isolated  and  characterization  could  be  per-
formed.  Pathogenicity  of the isolate  was  demonstrated  in  Syrian  hamster  model  and  the  findings  of
neutralization  reduction  is of  great  concern  and  point  towards  the  need  for  screening  the  vaccines  for
efficacy.

© 2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
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Introduction

Over the year of COVID-19 pandemic, Severe Acute Respiratory
Syndrome Corona virus-2 (SARS-CoV-2) has accumulated several
mutations leading to the emergence of new variants. The first
SARS-CoV-2 variant of concern (VOC), B.1.1.7 (also known as Alpha
variant) was identified in late December in the United Kingdom
(UK) which is now reported in more than 195 countries worldwide
as on 3rd October 2021. This variant has about 17 mutations, includ-
ing N501Y, P681H, 69–70 deletion; the ORF8 Q27stop mutation

outside the spike protein and is adapted to be more transmissible.
Subsequently, another variant B.1.351 (Beta variant) was  identified
in South Africa with 21 mutations, including N501Y, E484K, and
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417N on the spike protein, and ORF1b deletion outside the spike
rotein. It has been reported in Africa, Europe, Asia, and Australia
ith studies reporting potential immune escape [2].

During January 2021, lineage P.1, also known as Gamma  vari-
nt, a VOC with 17 amino acid changes which includes N501Y,
484K, and K417N on the spike protein; ORF1b deletion outside
he spike protein was  detected in the travelers from Brazil at Japan.
he virus has been found to be widely distributed in Amazonas
tate of Brazil and also noticed in the Faroe Islands, South Korea,
nd USA [3,4]. The virulence, transmissibility and immune inva-
ion potential of this variant remains unknown. Still, there is a
oncern that this variant might have facilitated the re-infections
n Manus city of Amazonas which had achieved herd immunity

n October 2020. Furthermore, Brazil reported another variant P.2
ineage, which has E484K mutation but not the N501Y and K417N
mino acid changes in the spike protein [3]. On 11th May  2021,
.1.617.2 was  designated as VOC by World Health Organisation
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which has shown higher transmission potential than any of the
SARS-CoV-2 variants reported till date [5,6]. Other than the 4 listed
VOCs, many SARS-CoV-2 variants were designated as Variants of
Interest (VOI) like B.1.525 (Eta), B.1.526 (Iota), B.1.617.1 (Kappa),
C.37 (Lambda), B.1.429/B.1.427 (Epsilon), P.2 (Zeta), P.3 (Theta),
B.1.621 (Mu) [6]. The mutations in receptor binding domain (RBD)
of the spike protein enabled these variants to have strong affinity
and binding capacity to receptor Angiotensin converting enzyme 2
(ACE2) leading to higher transmissibility [1–4]. Also, many of these
variants are reported to be linked to the immune escape and neu-
tralization reduction threatening the vaccine policies and potential
monoclonal antibody treatments [7,8].

Pathogenicity of the SARS-CoV-2 virus variants can be assessed
in animal models. For SARS CoV-2 multiple animal models are
available like ferrets, Syrian hamsters, non-human primates etc
[9]. Among this, Syrian hamster is a widely used model for SARS-
CoV-2 which develops pneumonia and body weight loss following
infection [10]. Syrian hamsters have been used to assess the
pathogenicity of many SARS-CoV-2 variants like B.1, B.1.1.7, B.1.617
[10,11].

Considering the potential threat from emerging variants, the
Government of India has continued the SARS-CoV-2 genomic
surveillance of the International travelers and their contact trac-
ing. Here, we report isolation and characterization of the P.2/Zeta
(B.1.1.28.2) variant from clinical specimens of international travel-
ers and its pathogenesis in Syrian hamsters in comparison with B.1
variant, an early virus isolate with D614G mutation.

Methods

Clinical specimens

The throat/nasal swabs of international travelers, who  returned
from UK and Brazil during the month of December, 2020 and
January, 2020 were collected for COVID-19 screening. SARS-CoV-
2 real time RT-PCR positive samples were sequenced by NGS and
virus isolation was attempted. These samples were chosen for isola-
tion considering the quality of sample, transport storage conditions,
cycle threshold value in realtime RT-PCR and the genome sequence.
Two COVID-19 asymptomatic cases (aged 69 and 26 years) of inter-
national travelers who returned from UK (in December 2020) and
Brazil (in January 2021) respectively to India were found positive
for SARS-CoV-2 belonging to the B.1.1.28.2 lineage. Both the cases
did not have any co-morbid conditions and were asymptomatic
throughout the course of infection till recovery.

Virus isolation and titration

Vero CCL81 cells grown in Minimum Essential Media (MEM)
supplemented with 2% fetal bovine serum (FBS) were used. Hun-
dred microliters of the tissue homogenate/swab specimens were
added onto a 24-well plate of VeroCCL81 cells and incubated at
37 ◦C for one hour. After washing with phosphate buffered saline
and removal of media, the plates were incubated with mainte-
nance media in a CO2 incubator at 37 ◦C. The plates were observed
daily for any cytopathic effects (CPE) using an inverted microscope
(Nikon, Eclipse Ti, Japan). On observation of CPE, the supernatant
was harvested and confirmed by real-time RT-PCR. Titration was
performed by Reed and Muench method and titer was  expressed
as TCID50/mL [12].
SARS-CoV-2 B.1 variant (D614G variant), NIV-2020-770 (GISAID
identifier: EPI ISL 420546) isolated from a patient’s throat/nasal
swab sample with a titre of 106.5 tissue culture infective dose
50 (TCID50)/mL was used for the pathogenicity comparison
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tudy in hamsters with the B.1.1.28.2 isolate (GISAID identifier:
PI ISL 2013029) [13].

ext generation sequencing

Genomic characterization of clinical samples and virus isolates
ere carried out using Next-Generation Sequencing (NGS) as per

arlier explained protocols [14]. Briefly, swabs and tissue culture
uid (TCF) of viral isolates were processed for RNA extraction using
agmax RNA extraction kit (Applied Biosystems, USA) as per the
anufacturer’s instructions. The total RNA was  extracted from

00−400 �l of the SARS-CoV-2 real-time RT-PCR positive clini-
al samples/ TCF. RNA was eluted into a 50 �L of elution buffer.
uantification of the extracted RNA was performed with the Qubit
NA High Sensitivity kit using a Qubit 2.0 Fluorometer (Invitro-
en, Carlsbad, CA, USA). For the NGS, ribosomal RNA depletion was
arried on the extracted RNA using Nebnext rRNA depletion kit
Human/mouse/rat) (New England BioLabs. In, USA). Subsequently,
DNA was synthesized with the first strand and second strand syn-
hesis kit. The RNA libraries were prepared using TruSeq Stranded
otal RNA library preparation kit (Illumina, USA). The amplified
NA libraries were quantified using KAPA Library Quantification Kit
Kapa Biosystems; Roche Diagnostics Corporation, Indianapolis, IN,
SA). Quantified libraries were diluted and loaded after normaliza-

ion on the MiSeq Illumina sequencing platform described earlier
6]. The genomic sequences for the clinical specimens and the virus
solates were retrieved using the reference-based mapping with the
ARS-CoV-2 reference sequence (Accession Number: NC 045512.2)
n CLC Genomics Workbench v20.0.4 and submitted to the public
epository i.e., GISAID. The retrieved sequences were aligned with
ther representative SARSCoV-2 sequences downloaded from the
ISAID database and a phylogenetic tree was generated with repre-
entative sequences from GISAID. General Time Reversible model
ith Gamma  distribution of 0.05 and a bootstrap replication of 1000

ycles was  used to generate a Maximum-Likelihood tree.

thics statement

The ethical approvals were received from Institutional Ethics
ommittee, ICMR-National Institute of Virology for the study
nvolving human samples (Approval no: NIV/IEC/Jan/2020/ D-
0). All the animal experiments were performed with the
pproval of Institutional Animal Ethics Committee (Approval no:
IV/IAEC/2021/ MCL/01) and as per the guidelines of Committee for

he Purpose of Control and Supervision of Experiments on Animals,
ndia.

athogenicity study in Syrian hamsters

To understand the pathogenicity of the isolate, we  intranasally
noculated 104 TCID50 virus dose of P.2 (B.1.1.28.2) in 9 Syrian
amsters and observed them for 7 days for any disease and three
amsters from each group were sacrificed on day 3, 5 and 7 to study
he organ viral load, antibody response and lung pathology. Simul-
aneously the pathogenicity of this variant was  compared with a
idely circulating characterized B.1 lineage SARS-CoV-2 variant in

yrian hamsters. For this, 9 hamsters were intranasally infected
ith 104 TCID50 virus dose of B.1 lineage variant and observed

or any clinical signs and studied the organ viral load, antibody
esponse and lung pathology in sacrificed animals as defined for
.1.1.28.2.
ARS-CoV-2 E gene real time RT-PCR to detect gRNA and sgRNA

Nasal wash, throat swab and organ tissue samples were
ollected from hamsters at necropsy. Organ samples were homog-
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Fig. 1. Isolation and characterization of B.1.128 P2 Brazil variants: (A) Maximum li
tree  was  generated using general time reversible model with a bootstrap replicatio
highlighted in red (B) The cytopathic effect observed in the Vero CCL-81 cell culture

enized in 1 ml  cell culture media using tissue homogenizer
(Eppendorf, Germany). MagMAXTM Viral/Pathogen Nucleic Acid
Isolation Kit was used for RNA extraction as per the manufacturer’s
instructions. Real-time RT-PCR was performed for SARS-CoV-2 E
gene (both genomic and subgenomic RNA) as described earlier
[15,16].

Enzyme-linked immunosorbent assay

The hamster serum samples collected on day 3, 5, 7 post virus
inoculation were tested for IgG antibodies by hamster anti-SARS-
CoV-2 IgG ELISA as described earlier [17].

Plaque reduction neutralization test (PRNT50)

PRNT50 was performed on serum samples of hamsters against
SARS-CoV-2 B.1 variant and B.1.1.28.2 variant as per earlier
described methodology [18].

Histopathology

For histopathological evaluation of lung lesions, lungs collected
during necropsy were fixed in 10% neutral buffered formalin. The
fixed lung tissues were processed using an automated tissue pro-
cessor and were embedded in paraffin. The tissues were sectioned
using an automated microtome (Leica, Germany) and stained by

routine hematoxylin and eosin staining. The lesions were graded as
severe (+4), moderately severe (+3), minimal (+2), mild (+1) and no
lesions (0) after scoring for the vascular changes, alveolar damage
and inflammatory changes.
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od tree of the clinical samples and its isolate from the international travelers. The
000 cycles. The sequences retrieved in from clinical specimens and its isolates are
ssage-2 PID-4 compared to the cell control.

ata analysis

Graph pad Prism version 8.4.3 software was  used for the analy-
is. Non parametric Mann Whitney tests were used and the p-values
ess than 0.05 were considered to be statistically significant.

esults

.1.1.28.2 isolation and characterization

Clinical specimens inoculated in to Vero CCL-81 cells showed
 typical rounding and detachment of the infected cells on 4th
ost-inoculation day (PID) (Fig. 1). The progressive infectivity was
bserved with fusion of the infected cells with neighboring cells
eading to the generation of large mass of cells. The presence of
he replication competent virus was  confirmed by Real time RT-
CR that demonstrated higher viral load in the cell culture medium
n PID-3 than inoculated specimens. The virus isolate titrated at
assage 2 and passage 3 demonstrated a virus titer of 104.5 and
05.13 TCID50/mL respectively. On phylogenetic analysis, the clin-

cal specimens and virus isolates were found to cluster with the
razil P2 lineage sequences. The clinical and the isolate sequences
GISAID identifier: EPI ISL 2013029, EPI ISL 2013033) had amino
cid mutations similar to the ones reported in the Brazilian P2
ariant (Fig. 1). The amino acid substitutions detected in both the

solates were D614G, E484K, V1176F in the spike, A119S, G204R,

234I, R203K in the N, L205V in NSP5, L71F in NSP7 and P32L in
SP 12. EPI ISL 2013029 isolate showed additional substitutions N
9H, NS3 G44V and NSP 15 K12N.
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Fig. 2. Body weight change and SARS-CoV-2 viral genomic RNA load in hamsters post inoculation by B.1 and B.1.1.28.2 lineage variants (A) Percent body weight change in
hamsters post virus inoculation. Viral load in (B) throat swab (C) nasal wash (D) nasal turbinates (E) trachea and (F) lungs post inoculation.

 and B
Fig. 3. SARS-CoV-2 viral sub genomic RNA load in hamsters post inoculation by B.1
(C)  nasal turbinates (D) trachea and (E) lungs post inoculation.
Pathogenicity of B.1.1.28.2 in hamsters

We  inoculated 9 Syrian hamsters intranasally with 104 TCID50
of the B.1.1.28.2 isolate. Body weight loss was observed in ham-
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.1.1.28.2 lineage variants. Sub genomic RNA load in (A) throat swab (B) nasal wash
ters post inoculation and the average percent weight change in
amsters were -9%, -15% and -20% on day 3, 5 and 7 respec-
ively (Fig. 2A). Viral genomic RNA load was  highest on day 3
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Fig. 4. Viral load by titration. Viral load in (A) nasal turbinates and (B) lungs post infection by SARS-CoV-2.

tion. (
ibody 

s

Fig. 5. Comparison of immune response in hamsters post B.1.1.28.2 and B.1 infec
Neutralizing antibody response in hamsters against B.1 variant (C) Neutralizing ant

and among the organs, lungs (mean = 2.7 × 1011 copies/mL)

showed the maximum viral RNA load followed by trachea (mean
= 5.9 × 108 copies/mL and nasal turbinate’s (mean = 3.2 × 109

copies/ml). Nasal wash and throat swab showed mean gRNA load
of 1.6 × 109 and 3.3 × 108 copies/ml (Fig. 2B–F). Viral gRNA load

5
w

n

168
A) IgG response in hamsters measured by inactivated SARS-CoV-2 IgG ELISA. (B)
response in hamsters against B.1.1.28.2 variant.

howed reduction in the further days to reach 2.4 × 108 in lungs,
8 8
.6 × 10 in nasal turbinates and 2.5 × 10 copies/ml in nasal

ash.
Sub genomic RNA could be detected in the nasal turbinate and

asal wash samples till day 7 whereas in lungs it could be detected
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Fig. 6. Histopathological changes in lungs post inoculation by B.1 and B.1.1.28.2 lineage variants. Lungs of hamsters infected with B.1.1.28.2 showing (A) diffuse alveolar
capillary congestion and alveolar septal thickening on day 3, (B) diffuse capillary congestion, haemorrhages, consolidation and alveolar septal thickening on day 5 (C) diffuse
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mononuclear infiltration in the alveolar parenchyma, congested alveolar capillarie
alveolar capillaries and of thickened alveolar septa on day 3 (E) peribronchial mono
an  area of consolidation with alveolar hyaline membrane formation, congestion and

till day 5 in all hamsters and in only one hamster on day 7 (Fig. 3).
The average virus titer of 104.7, 104.16 and 102.16 TCID50/ml could
be observed in lungs on day 3, 5 and 7 respectively, whereas nasal
turbinate’s showed 100-fold lesser titer than lungs on day 3 and
negligible or no titer in the further days (Fig. 4).

Anti-SARS-CoV-2 IgG antibodies could be detected in the serum
by day 7 in all hamsters (Fig. 5A). Average neutralization titer of
538.1 and 599.1 were observed in sera of B.1 variant and B.1.1.28.2
variants infected hamsters respectively against B.1 variant. In case
of neutralization with B.1.1.28.2 variant an average titer of 240.2
and 1256.3 were observed for B.1 and B.1.1.28.2 variant infected
hamsters (Fig. 5B, C). The variant induced severe lung pathological
changes in lungs which includes vascular congestion, hemor-
rhages, interstitial septal thickening with pneumocyte hyperplasia,
alveolar consolidation, perivascular, peri-bronchial and interstitial
mononuclear cell infiltration. The pneumonic changes were of mild
to moderate grade on day 3 which progressed to severe changes on
day 7 (Fig. 6A–C, Table 1).

Comparison of pathogenicity of B.1.1.28.2 isolate with B.1 variant
in infected hamsters

B.1.1.28.2 lineage variant induced more weight loss in hamsters
in comparison to the B.1 variant. The percent weight loss on day 3
(−5%), 5 (−8%) and 7 (−12%) in case of B.1 variant was not statis-
tically significant in comparison to the weight loss observed with
B.1.1.28.2 variant (Fig. 2A). Viral genome copies/ml observed in the
nasal turbinate’s of hamsters infected with B.1 variant was similar
to that of the B.1.1.28.2, whereas a hundred-fold lesser average viral
gRNA load was observed in the nasal wash (8.3 × 107 copies/ml)
on day 3 in case of B.1 variant infected hamsters (Fig. 2C, D). Even
though subgenomic RNA were detected in lungs samples on day 3
and 5 for both variants, the B.1 variant infected group showed lesser
subgenome copies. On day 7, subgenomic RNA could be detected in
1/3 hamsters infected with B.1.1.28.2 and in none of the hamsters of

B.1 infected group (Fig. 3E). Virus titres in lungs of B.1.1.28.2 variant
hamsters could be detected till day 7 with an average titre of 104.8,

105.05 and 102.7, on day 3, 5 and 7 respectively. On titration, lungs
samples of hamster infected with B.1 variant showed an average

t
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w
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hemorrhages. Lungs of hamsters infected with B.1 variant showing (D) engorged
ar cell infiltration, alveolar capillary congestion and septal thickening on day 5 (F)
onuclear cell infiltration in the alveolar septa on day 7.

iter of 104.4 and 102.95 TCID50/ml on day 3 and 5 and no titre on
ay 7 (Fig. 4B). The pneumonic change observed in lungs induced
y B.1 variant was  mild in comparison with B.1.1.28.2 (Fig. 6D–F,
able 1).

iscussion

The global spread of emerging SARS-CoV-2 variants, including
OCs has heightened concerns about enhanced transmissibility,
irulence, and attenuation of susceptibility to humoral immunity
licited by natural infection or vaccination. Lack of clinical data
nd transmissibility studies of the B.1.1.28 P.1 and P.2 variants,
ake the course of infection in affected individual unpredictable.
ere we  isolated P2 variant from international travelers returned to

ndia and characterized the isolate. The characteristic spike muta-
ions in P2 lineage are D614G, E484K and V1176F. These mutations
ere reported in many VOCs and VOIs which are rapidly spreading
orldwide and E484K substitution is known for immune evasion
otential [19].

We  observed disease in hamster model characterized by
he weight loss and lung pneumonic changes similar to other
ARS-CoV-2 variants. COVID-19 in hamsters is characterized by
espiratory signs, body weight loss and pneumonia [20]. Hamster
odel has been used to assess the infectivity and pathogenicity

f SARS-CoV-2 VOCs like B.1.1.7, B.1.351, B.1.617 etc [17,21]. The
ariant specific differences can be evaluated with this model using
riteria’s like viral load, histological scoring, inflammatory cytokine
evel etc [17,21]. B.1.1.28.2 variant induced body weight loss and
upported viral replication in respiratory tract. Here, live infec-
ious virus could be detected till day 7 in lung samples whereas
n nasal turbinates it was  detected only on day 3 and with 100-fold
esser titer indicating the virus predilection to the lower respi-
atory tract. Viral gRNA shed through nasal wash was higher in
ase of B.1.1.28.2. High viral shedding through nasal wash could
e linked to the increased transmission efficiency speculated for

his variant. For this further transmission studies needs to be
erformed.

In comparison with B.1 variant, the pathogenicity of the isolate
as  more with severe pneumonia. Although, variants of concern
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Table  1
Average cumulative histopathological score of the lung lesions (vascular changes, alveolar damage and inflammatory changes) in hamsters infected with B.1 and B.1.1.28.2
lineage  variant.

Days post infection B.1 lineage variant B.1.1.28.2 lineage variant

Animal 1 Animal 2 Animal 3 Animal 1 Animal 2 Animal 3

+1 

+1 

+1 

D

A

C
A
D
P
m
D
i
r
n

R

[

[

[

[

3 +1 +1 

5  +2 +2 

7  +2 +2 

are speculated to be linked to increased disease severity and trans-
mission, in vivo experimental studies in case of B.1.1.7 and B.1.351
showed less or comparable disease severity with earlier SARS-CoV-
2 strains [17,21]. B.1.1.7 variant showed comparable lung pathology
in hamster model in comparison to B.1 [17]. Also B.1.1.7 and B.1.351
studies in hamster and non-human primate models did not show
any increased disease severity [17,21,22]. In contrary, here we
observed severe pneumonic changes associated with a variant of
interest i.e., Brazil P2 variant.

Since the mutation in the E484 site in the RBD known to have
the large effect on binding and neutralization of the SARS-CoV-2
is present in the B.1.1.28.2 variant, we assessed the neutralization
potential of the hamster sera. Comparable neutralization efficiency
was shown by both B.1 and B.1.1.28.2 variants infected hamster
sera against B.1 variant, whereas reduction was seen in the neu-
tralization titre of B.1 infected hamster sera against B.1.1.28.2. This
finding is in line with the earlier reports of neutralization reduction
in case of monoclonal antibody treatment and post vaccination sera
by P.2 variant [8,23]. Reinfection cases have also been reported with
E484K mutation [19]. The neutralization efficacy of B.1.1.28.2 vari-
ant was assessed with the convalescent sera of COVID-19 infected
individual sera and BBV152 two-dose vaccinated individuals to
observe about two-fold reductions in neutralizing titer against
B.1.1.28.2 variant [24].

Conclusions

Here we report the isolation and characterization of the
B.1.1.28.2 variant from international travelers returned to India
and its characterization. The isolate was found pathogenic in ham-
sters producing severe pneumonia in comparison with B.1 lineage
variant infection. Neutralization reduction against B.1.1.28.2 was
observed in case of B.1 lineage variant infection indicating need for
screening vaccines for efficacy against the variant.
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