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Abstract
Introduction: Currently, isolated from SARS-CoV-2 virus exceed 600 million cases in the world. Objective: Isolation and 
characterization of the SARS-CoV-2 virus causing COVID-19 at the beginning of the pandemic in Peru. Methods: Twenty nasal 
and pharyngeal swab samples were isolated from SARS-CoV-2 using two cell lines, Vero ATCC CCL-81 and Vero E-6; virus 
identification was performed by RT-PCR and the onset of cytopathic effect (CPE) was evaluated by indirect immunofluorescence 
and subsequent identification by genomic sequencing. One of the most widely circulating isolates were selected and named 
the prototype strain (PE/B.1.1/28549/2020). Then 10 successive passages were performed on Vero ATCC CCL-81 cells to 
assess mutation dynamics. Results: Results detected 11 virus isolates by cytopathic effect, and subsequently confirmed by 
RT-PCR and indirect immunofluorescence. Of these, six were sequenced and identified as the lineages B.1, B.1.1, B.1.1.1, 
and B.1.205 according to the Pango lineage nomenclature. The prototype strain corresponded to lineage B.1.1. The analysis 
of the strains from the successive passages showed mutations mainly at in the spike (S) protein of the virus without variation in 
the identity of the lineage. Conclusions: Four lineages were isolated in the Vero ATCC CCL-81 cell line. Subcultures in the same 
cell line showed mutations in the spike protein indicating greater adaptability to the host cell and variation in pathogenicity in 
vitro, a behavior that allows it to have more survival success.

Keywords: Coronavirus Infections; Betacoronavirus; Vero Cells; Virulence (Source: MeSH).

Resumen
Introducción: Actualmente los contagios por el virus del SARS-CoV-2 supera los 600 millones de casos en el mundo. Objetivo. 
Aislar y caracterizar el virus SARS-CoV-2 causante de la COVID-19 a inicios de la pandemia en el Perú. Métodos: Se realizó 
el aislamiento viral a partir de 20 muestras de hisopado nasal y faríngeo positivas a SARS-CoV-2 por RT-PCR. El aislamiento 
se realizó en las líneas celulares Vero ATCC CCL-81 y Vero E6, evaluando el efecto citopático, la presencia del virus por 
RT-PCR, inmunofluorescencia indirecta (IFI) y posterior identificación por secuenciación genómica. Posteriormente, uno de 
los aislamientos de mayor circulación fue seleccionado y denominado cepa prototipo (PE/B.1.1/28549/2020), realizándose 
10 pasajes sucesivos en células Vero ATCC CCL-81 para evaluar la dinámica de mutaciones. Resultados: Se observaron 11 
aislamientos de virus por efecto citopático confirmándose por RT-PCR e IFI, de los cuales 6 fueron secuenciados identificándose 
los linajes B.1, B.1.1, B.1.1.1 y B.1.205, según el comité Pango de los genomas. La cepa prototipo corresponde a la variante 
B.1.1 y el análisis de las secuencias de los pasajes sucesivos mostró mutaciones a nivel de la proteína de la espiga (S) del 
virus, sin variación en la identidad del linaje. Conclusions: Se aislaron 4 linajes en la línea celular Vero ATCC CCL-81. Los 
subcultivos en la misma línea celular muestran mutaciones en la proteína de la espiga, lo que indica mayor adaptabilidad a 
la célula hospedera y variación de la patogenicidad in vitro, comportamiento que le permite tener más éxito de supervivencia.

Palabras clave: Infecciones por Coronavirus; Betacoronavirus; Células Vero; Virulencia (fuente: DeCS BIREME)
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Figure 1. Graphic summary of the isolation and identification of the prototype strain (PE/B.1.1/28549/2020) of SARS-CoV-2 at the beginning of the pandemic in Peru.

INTRODUCTION
At the end of December 2019, in the 

city of Wuhan in the People Republic of 
China, the new coronavirus known as 
SARS-CoV-2 appeared, which is the cau-
se of the new disease called COVID-19 (1). 
This new respiratory virus quickly spread 
to many countries and caused cases of 
atypical pneumonia, which in association 
with a series of risk factors, generated ca-
ses of greater severity and mortality (2,3). 
On March 11, 2020, the infection was de-
clared a pandemic by the World Health 
Organization (WHO) (4).

In Peru, the National Institute of 
Health reported the first confirmed case 
of COVID-19 on March 6, 2020. Despite 
the strict measures of social immobiliza-
tion adopted by the government, cases 
of infection by SARS-CoV-2 were increa-
sing considerably, the highest peak of in-
fection of the first wave was in July 2020. 
Peru was the country with the highest 
mortality rate per capita in the world (5).

The constant genetic mutations of 
the SARS-CoV-2 virus have led to the 
emergence of various variants that have 
spread throughout the world (6), obser-
ving evolutionary competition between 
them, with the displacement of one over 
the other. These mutations are responsi-
ble for the various peaks of contagion ob-
served in all countries (7,8).  According to 
their impact on public health, the World 
Health Organization (WHO) has classified 
them into variants of concern (VOCs) and 

variants of interest (VOIs) (9). Currently, 
variants with low levels of circulation or 
not detected are classified as variants of 
low monitoring, while omicron belongs 
to the VOC and VOI.

Peru has registered four waves; the first 
in April 2020 generated by the B.1.1 variant 
as the predominant lineage (10,11); the second 
wave during the first half of 2021 was cau-
sed by the lambda/gamma variant (C37/P1) 
(12); the third wave in January 2022 was cau-
sed by the omicron variant, mainly (BA.1/
BA.2) (12,13); and the fourth wave in June 2022 
was caused by the sublineages/subvariants 
of omicron (BA.4 and B.A.5) (13,14).  

The isolation, typing, characterization 
of the behavior of the virus, and the de-
termination of the humoral response 
to natural infection and vaccination are 
scientific achievements derived from 
knowledge of virus biology. Among the 
applications of the isolation of the SARS-
CoV-2 virus we have the elaboration of 
quality assessment panels to guarantee 
the molecular diagnosis of SARS-CoV-2; 
the evaluation of active principles with 
potential therapeutic; and the develo-
pment of various test methods such as 
immunoenzymatic tests that detect IgM 
and IgG antibodies, the plaque reduction 
neutralization test (PRNT) for titration of 
neutralizing antibodies, and indirect im-
munofluorescence (IFA) for the detection 
of viruses and total antibodies. Therefo-
re, this study aimed to isolate and cha-
racterize the SARS-CoV-2 virus from nasal 

and pharyngeal swab samples obtained 
at the beginning of the COVID-19 pande-
mic in Peru.

METHODS

Samples
Twenty nasal and pharyngeal swab 

samples with positive results according 
to the RT-PCR method for SARS-CoV-2 (15). 
Cycle threshold (Ct) values of less than 
30 were considered for an adequate vi-
ral load (16). The samples were received 
by the National Reference Laboratory for 
Respiratory Viruses (LRNVR) of the Natio-
nal Institute of Health (INS) (Lima-Peru) 
in April 2020. The summary of the isola-
tion and identification of the prototype 
strain is shown in Figure 1. 

Cell culture
The Vero ATCC CCL-81 and E6 cell lines 

were used for the isolation of the SARS-CoV-2 
virus (17,18).  Cells were grown in Earle's mini-
mal essential medium (EMEM) supplemen-
ted with 10% fetal bovine serum (FBS, SIGMA 
brand) and 1% penicillin-streptomycin-am-
photericin, and cultured at 37°C in a humidi-
fied atmosphere containing 5% CO2

 (18).

Isolation and passage of the SARS-
CoV-2 virus 

The isolation of the SARS-CoV-2 virus was 
carried out in the facilities of the biosafety 
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level 3 (BSL-3) laboratory of the Microbio-
logy and Biomedicine Laboratory of the INS. 
International established protocols (19)  and 
institutional procedures for the isolation of 
respiratory viruses (20) were followed. The 
swab samples positive for SARS-CoV-2 were 
filtered with a 0.22 µm pore membrane and 
inoculated into the Vero ATCC CCL-81 and 
E6 cell line with 90% cell confluence, after 
1 hour of viral adsorption at 37°C, 3 mL of 
EMEM medium with 2% SBF were added 
and incubated at 37°C at 5% CO2. The cells 
were observed daily under an inverted mi-
croscope to detect the appearance of a cyto-
pathic effect, up to seven days after infection 
(21,22).  The supernatants were collected for 
RT-PCR confirmation, and adherent cells 
were used for confirmation by IFA. 

Viral quantification

The quantification of the SARS-CoV-2 
virus was carried out using the plaque 
assay. Twenty-four-well flat-bottom cell 
culture plates were used; the plates were 
seeded with a cell suspension of 2.5 x 
105/mL cells (Vero ATCC CCL-81) and in-
cubated at 37 °C with 5% CO2 overnight 
to achieve 100% confluence (23). 

The cells were infected with the virus 
by performing serial tenfold dilutions (10-

1, 10-2, 10-3, 10-4, 10-5, and 10-6) and incu-
bated at 37 °C with 5% CO2 for 60 min. 
Subsequently, 1 mL of overlay medium 
(2X MEM medium supplemented with 2 
nM L-glutamine), 10% fetal bovine serum, 
100 units/mL of antibiotic, and carboxy-
methylcellulose (SIGMA CMC at 3%) were 
added to each well. The cells were incuba-
ted at 37°C with 5% CO2. After five days, 
the medium was removed, the cells were 
fixed and stained with crystal violet/for-
maldehyde. The titers of SARS-CoV-2 were 
expressed as plaque-forming units per mi-
lliliter (PFU/mL) (24,25)Latin American (LA). 

   
Viral confirmation tests

Detection of SARS-CoV-2 by real-
time RT-PCR 

Briefly, 200 μL of the culture superna-
tant were collected, which was inactiva-
ted at 56°C and 450 rpm in a thermoblock 
for 60 min (26). Then it was transported to 

the biosafety level 2 (BSL-2) laboratory. 
RNA extraction was performed using the 
Zybio nucleic acid viral extraction kit (Chi-
na), through the magnetic bead method, 
following the manufacturer’s instructions 
(22,27)2019. Purified RNA samples were 
processed by RT-PCR. The amplification 
process was performed using the Su-
perScript™ IV one-step kit (Invitrogen) fo-
llowing standardized conditions (15,28). The 
predictive positive and negative values 
(PPV and PNV, respectively.

Indirect immunofluorescence 
complementary test

The indirect immunofluorescence 
(IFA) technique was developed to detect 
the SARS-CoV-2 virus isolated in cell cul-
ture. Serum sample from a convalescent 
patient (positive diagnosis for SARS-CoV-2 
by RT-PCR), characterized by the plaque 
reduction neutralization test (PRNT), was 
used as a source of polyclonal antibodies 
to the SARS-CoV-2 virus. 

Briefly, seven days after the infection 
of the Vero ATCC CCL-81 and Vero E6 
cells, the supernatant was collected and 
the cells were washed and homogenized 
with PBS 1X. An appropriate cell suspen-
sion was obtained and dispensed into 
immunofluorescence slides, these slides 
were fixed with acetone -20 °C/20 min; 
for virus detection, 20 µL of a serum di-
lution (positive control serum, negative 
control serum at 1/20 dilution in PBS) and 
PBS diluent control were added in dupli-
cate, and incubated in a humid chamber 
at 37 °C/30 min, washed twice with PBS 
and left to dry at room temperature; 
subsequently, 20 µL of FITC (fluorescein 
isothiocyanate)-labeled anti-human IgG 
conjugate + Evans Blue (100X) in a dilu-
tion of (1/160) was added to all the wells 
and incubated in a humid chamber at 
37°C/30 min protected from light, was-
hed twice with PBS and the mounting 
medium was added, pH 7.2 - 7.4 (22,27). The 
reading was carried out under a fluores-
cence microscope; the slides can be kept 
for up to 24 h at 4 °C in the dark. The in-
terpretation is based on the presence of 

fluorescence (positive), the absence of 
fluorescence is considered negative.   

In vitro evolutionary dynamics 
model and characterization

The Dynamics of Viral Evolution Mo-
del Proposed by Wood (29) was used, 
which suggests 10 successive passages in 
culture of the same cell line to know the 
adaptation of the virus to the new host 
environment in relation to virulence. 
From the isolation of one of the positive 
samples, which we call prototype strain 
(PE/B.1.1/28549/2020), 10 continuous 
passages were made in the Vero ATCC 
CCL-81 cell line. The culture of the virus 
in each passage was observed until the 
appearance of the cytopathic effect (5 to 
7 days). The supernatant was collected 
and centrifuged at 2000 rpm for 10 min 
at 4°C and aliquots were taken for viral ti-
tration and genomic sequencing analysis.

Whole genome sequencing of SARS-
CoV-2 isolates

The samples of the isolates and 
passages of the prototype strain 
(PE/B.1.1/28549/2020) of the SARS-
CoV-2 virus were extracted using the 
MAGBEAD viral DNA/RNA extraction kit 
(ZymoBIOMICS) on the automated Open-
trons OT-2 platform. The library prepara-
tion was performed using the COVIDSeq 
test from IIlumina and sequenced on 
NextSeq 550 (Illumina®) following the 
manufacturer's instructions (30). 

Bioinformatic analysis
The quality of the reads and the remo-

val of read contamination were performed 
using FastQC v0.11.9 (https://www.bioinfor-
matics.babraham.ac.uk/projects/fastqc/), 
and Kraken2 v2.0.8 respectively (29). The fil-
tered reads were assigned to the NCBI refe-
rence sequence (NC_045512) isolated from 
Wuhan through the BWA software package 
v.0.7.17 (31). The consensus sequence was 
obtained using Samtools v.1.9 and IVAR v.1 
(32,33). Finally, the annotation of the consen-
sus sequences was performed using Next-
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Figure 2. Comparative cytopathic effect in Vero ATCC CCL-81 and Vero E6 cell lines infected with the SARS-
CoV-2 virus. The morphology in cells is shown at 3 and 5 days post infection (DPI).

Clade (https://clades.nextstrain.org/), and 
the lineage designation was defined using 
Pangolin v.3.1.2 software (https://pangolin.
cog-uk.io/). The summary of mutation was 
calculated using the Snipit program (https://
github.com/aineniamh/snipit) with manual 
editing, the first isolate was used as refe-
rence. The genomes were aligned with the 
MAFFT v7.310 program (https://mafft.cbrc.
jp/alignment/software/) against the SARS-
CoV-2 reference (NC_045512). The multiple 
alignment was used for the phylogenetic 
inference of the isolates, this was calculated 
with the RaxML v8.2.12 program (34) with 
1000 bootstrap.

RESULTS

Viral isolation and cytopathic effect 
(CPE)

The SARS-CoV-2 virus was isolated in 
two cell lines Vero ATCC CCL-81 and Vero 
E6. The assessment of viral infection was 
carried out by observing the cytopathic 
effect (CPE). Faster viral replication was 
observed in Vero ATCC CCL-81 cells than in 
Vero E6 cells, from the third day after in-
fection. The CPE in Vero ATCC CCL-81 cells 
was characterized by round cell foci on the 
surface of the monolayer cell, expanding 
to a gradual and homogeneous detach-

ment. Vero E6 cells showed formation of 
syncytia and detachment only in some 
samples, with slow development of CPE 
from the 3 days after infection.

Vero ATCC CCL-81 cells were optimal for 
the isolation of the SARS-CoV-2 virus, due to 
their more homogeneous and characteristic 
viral replication phenotype. Figure 2 shows 
the comparative CPE between Vero ATCC 
CCL-81 and Vero E6 cells after 3 and 5 days 
after infection, with the same swab sample. 
The round cells and syncytia were observed, 
respectively, compared to the monolayer of 
the control cells.

Confirmation of Isolation by RT-PCR 
and IFA

Eleven (55.0%) isolations of 20 na-
sopharyngeal and pharyngeal swab sam-
ples were confirmed by RT-PCR method, 
from the cell line Vero ATCC CCL-81 cultu-
res. The Ct values of the isolations were 
found in the range of 11 to 14, indicating 
that there was viral replication compared 
to the initial Ct of the diagnostic RT-PCR 
(Ct <30).

The IFA confirmed the same 11 
(55.0%) isolations in the 20 nasopharyn-
geal and pharyngeal swab samples, 

without differences between the two 
Vero ATCC CCL-81 and Vero E6 cell lines. 
Figure 3 shows the identification of the 
SARS-CoV-2 virus isolation by IFA in Vero 
ATCC CCL-81 cells, observing the control 
cells without infection (red) and the cells 
infected with the SARS-CoV-2 virus with 
fluorescence (green).

The sample with code 28549 was 
highlighted, whose isolation was one of tho-
se that presented lower Ct values, indicating 
a high viral load, in addition to showing the 
characteristic CPE and confirmation by IFA. 
This was selected as a prototype strain and 
named PE/B.1.1/28549/2020 (Table 1).

Sequencing of the complete 
genome of SARS-CoV-2 samples and 
phylogenetic analysis

Of the 11 samples with confirmed iso-
lation of the SARS-CoV-2 virus, the com-
plete genome of 6 samples was obtained, 
which were analyzed and classified into 
4 different PANGO lineages (one B.1, 
one B.1.1, two B.1.1.1 and two B.1.205). 
The lineage of the prototype strain 
PE/B.1.1/28549/2020 corresponds to 
B.1.1 (Table 1). The phylogenetic analysis 
shows the genetic distances between the 
different lineages isolated at the begin-
ning of the pandemic compared to the 
basal NC_045512.2 (Figure 4).

In vitro evolutionary dynamics
The successive passages of the proto-

type strain PE/B.1.1/28549/2020 show 
the adaptation of the SARS-CoV-2 virus 
in the Vero ATCC CCL-81 cell line, with 
a progressive increase in the viral titer 
with a higher number of passages and 
a subsequent decrease in the last pas-
sages (Figure 5A). This adaptation shows 
the progressive increase in virulence in 
the Vero ATCC CCL-81 cell line, observed 
from the formation of deficient plaque-
forming units (PFU), with undefined ed-
ges in the first passages, which progres-
sively define in passages 3 and 4; while 
in passage 8 translucent, circular and 
symmetrical lysis plates with regular ed-
ges are shown (Figure 5B). The quantifi-
cation of the PFU shows the progressive 
increase in the viral titer proportional to 
the number of passages, with a peak in 
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Figure 3. Identification of SARS-CoV-2 virus isolation by indirect immunofluorescence test (IFA). A. Negative reaction for IFA. B. Positive reaction for IFA. 

passage 7 with an average of 59.5 x 105 
PFU/mL and subsequent decline in the 
following passages (Figure 5C).

In complement to the phenotypic 
characteristics observed in the passages 
of the prototype strain, sequencing in 

each passage showed alterations in the 
genome of the lineage associated with 
the phenotype and viral load (Figure 6). 

Sample Swab sample (nasal and pharyngeal) Confirmatory tests for viral isolation Sequencing 

N° Sample code
RT-PCR RT-PCR of the isolate on 

Vero ATCC CCL-81
Vero ATCC CCL-81 and Vero 

E-6 NGS

Ct Result Ct Result Cytopathic 
effect IFA Linage (PANGO)

1 28549 21.42 Positive 9.56 Positive Positive Positive B.1.1
2 28594 20.56 Positive 10.45 Positive Positive Positive B.1.1.1
3 08720 19.07 Positive 13.63 Positive Positive Positive *
4 25413 16.04 Positive 12.93 Positive Positive Positive B.1.1.1
5 09116 22.30 Positive 12.89 Positive Positive Positive *
6 27171 23.70 Positive 33.61 Negative Negative Negative -
7 27148 28.52 Positive 36.63 Negative Negative Negative -
8 25400 20.30 Positive 12.51 Positive Positive Positive *
9 28755 20.79 Positive 10.05 Positive Positive Positive *
10 27195 23.58 Positive 35.43 Negative Negative Negative -
11 28782 16.83 Positive 12.27 Positive Positive Positive B.1.205
12 25618 29.97 Positive 37.04 Negative Negative Negative -
13 25480 28.40 Positive 38.43 Negative Negative Negative -
14 29700 21.54 Positive 10.80 Positive Positive Positive B.1.205
15 25303 21.81 Positive 31.91 Negative Negative Negative -
16 25142 24.03 Positive 10.59 Positive Positive Positive B.1
17 284674 22.23 Positive 10.71 Positive Positive Positive *
18 28520 19.38 Positive 29.92 Negative Negative Negative -
19 23611 24.95 Positive 35.98 Negative Negative Negative -
20 25262 22.19 Positive 33.05 Negative Negative Negative -

Table 1. Result of diagnosis, isolation and sequencing of the 20 SARS-CoV-2 samples.

*Not sequenced due to insufficient sample.
NGS: Next Generation Sequencing, RT-PCR: Reverse transcription PCR, IFA: Indirect Immunofluorescence Assay
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Figure 4. Phylogeny of SARS-CoV-2 virus lineages isolated in April 2020 in Lima - Peru at the beginning of the pandemic.

Figure 5. Mutational dynamics of the B.1.1 lineage of SARS-CoV-2 
(PE/B.1.1/28549/2020) in 10 successive passages in Vero ATCC CCL-81 cells. A. 
Titration of the 10 passages of the SARS-CoV-2 virus. B. Morphological aspect of 
the viral plates of the passages of the SARS-CoV-2 virus. C. Quantification of the 
viral titer in the 10 passages. The data show the mean and standard deviation 
of 4 replicates.

In passage 2 (P2) of the prototype stra-
in, a 27-base pair deletion was found at 
position 21764 - 21790 and mutations at 
the spike protein level in passage 4 (P4) 

and passage 8 (P8). The mutation of pas-
sage 4 at position 23014 corresponds to 
an amino acid change from glutamic acid 
to aspartic acid (E484D) and the second 

mutation at position 24507 corresponds 
to the change of a serine to leucine 
(S982L).

DISCUSSION
Our results are in agreement with 

other reports that mention the higher 
probability of SARS-CoV-2 virus isolation 
associated with the viral load of the sam-
ples, with Ct <24 achieving 80% virus 
recovery (35).  The usefulness of the Vero 
ATCC CCL-81 and Vero E6 cell lines in the 
replication of the SARS-CoV-2 virus is also 
shown, with preference for the Vero ATCC 
CCL-81 cell as reported by some studies 
(36), unlike others that indicate greater cell 
replication in Vero E6, being the most 
used (17). For this study, the classic isola-
tion was used, which is still a standard of 
comparison, although currently automa-
ted high-speed large-scale SARS-CoV-2 
isolation methods have been developed 
from clinical samples by miniaturized co-
culture (37). 

In this research, the isolation of the 
SARS-CoV-2 virus from 11 nasopharyngeal 
and pharyngeal swab samples was con-
firmed by the RT-PCR and IFA methods. 
It was observed that in the RT-PCR of the 
isolation, Ct values were lower compared 
to the diagnostic RT-PCR. The 9 non-iso-
lated samples - despite having a positive 
isolation RT-PCR - the Ct values are higher 
than the diagnostic PCR, which indicates 
that there was no viral replication, this was 

N° Code ID access Collection date Lineage

1 29700 EPI_ISL_1111169 15/04/2020 B.1.205

2 28594 EPI_ISL_1111367 13/04/2020 B.1.1.1

3 25142 EPI_ISL_1111376 12/04/2020 B.1

4 28782 EPI_ISL_1111374 14/04/2020 B.1.205

5 28549 EPI_ISL_1111366 13/04/2020 B.1.1

6 25413 EPI_ISL_1111368 12/04/2020 B.1.1.1

Cultivation passage

A

ISOLATION ISOLATION
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Figure 6. Sequencing of the 10 passages of the B.1.1 lineage of the SARS-CoV-2 virus. A deletion 
of 27 base pairs at position 21764 - 21790 is observed in passage 2 (P2) and mutations at 
the level of the spike protein in passage 4 (P4) at position 23014 (E484D) and passage 8 (P8) 
corresponds to position 24507 (S982L).

complemented with the negative results 
of the cytopathic effect and IFA.

The selection of the prototype stra-
in of the SARS-CoV-2 virus named 
PE/B.1.1/28549/2020 and the genera-
tion of 10 successive in vitro passages 
showed mutations of the virus for bet-
ter adaptation to the Vero ATCC CCL-81 
host cell, in this case, specifically at the 
spike protein level, causing deletions and 
mutations. The nucleotide mutation of 
passage 4 (P4) at position 23014 (E484D) 
allowed the strain to adapt to the cell line 
and successfully infect, with an increase 
in its virulence. This mutation was re-
ported in the original strain from Wuhan 
(Wuhan-Hu-1, GenBank accession num-
ber NC_045512) (38). 

The second mutation of passage 8 co-
rresponds to position 24507 (S982L), this 
mutation decreases its virulence, but de-
monstrates the genetic adaptation to the 
cell line. Research with similar results indi-
cates that the SARS-CoV-2 virus when cul-

tivated is under strong selective pressure 
to acquire these mutations in various ORFs 
of the genome, including the S gene (39,40). 
These findings confirm that these muta-
tions are fixed during the adaptation of the 
virus to the conditions of the environment, 
as shown by in vitro RNA studies (40,41). 

In conclusion, the SARS-CoV-2 virus 
was isolated in Vero ATCC CCL-81 cells. 
The isolation was performed from sam-
ples obtained during the first wave of 
the COVID-19 pandemic in Peru. In April 
2020, four PANGO lineages (B.1, B.1.1, 
B.1.1.1 and B.1.205) were identified. The 
successive passages of the prototype 
strain PE/B.1.1/28549/2020 showed mu-
tations in the spike protein indicating its 
adaptation to the host cell, which allows 
it to have greater survival success. The 
obtaining of this isolate allowed us to 
transfer the biological material to other 
research institutions that were develo-
ping technologies to face the COVID-19 
pandemic.
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