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Genetic variability of SARS-CoV-2 in biological samples  
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Currently, a lot of attention is given to SARS-CoV-2 subpopulations and their coexistence with different genomic 
variants within the same patient. In this study, we performed next-generation whole-genome sequencing and as-
sembly of viruses from samples representing swabs or autopsy specimens obtained from patients diagnosed with 
СOVID-19, which were initially confirmed by the real-time polymerase chain reaction (Ct = 10.4–19.8). Samples 
were prepared for sequencing by using the SCV-2000bp protocol. The obtained data were checked for presence 
of more than one SARS-CoV-2 genetic variants in a sample. Variants of nucleotide substitutions, coverage for 
each variant, and location of the variable position in the reference genome were detected with tools incorporated 
in the CLC Genomics Workbench program. In our search for variable nucleotide positions, we assumed that the 
sample had two genetic variants (not more); the threshold value ≥ 90% was set for probability of the identified 
variant. Variants represented by less than 20% of the reads in the total coverage were not taken into consid-
eration. The obtained results showed that 5 samples had variability, i.e. they had several genetic variants of 
SARS-CoV-2. In 4 samples, both of the detected genomic variants differed only in one nucleotide position. The 
fifth sample demonstrated more substantial differences: a total of 3 variable positions and one three-nucleotide 
deletion. Our study shows that different genetic variants of SARS-CoV-2 can coexist within the same patient.
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Генетическая вариабельность SARS-CoV-2 в биологических 
образцах от пациентов г. Москвы
Сперанская А.С. , Каптелова В.В., Самойлов А.Е., Бухарина А.Ю.,  
Шипулина О.Ю., Корнеенко Е.В., Акимкин В.Г.

ФБУН «Центральный научно-исследовательский институт эпидемиологии» Роспотребнадзора,  
111123, Москва, Россия 

Сосуществование субпопуляций SARS-CoV-2 с различными вариантами генома внутри организма одного 
пациента — один из обсуждаемых в настоящее время феноменов. В данной работе мы провели высоко-
производительное секвенирование и сборку полных геномов вирусов из образцов, которые представляли 
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собой мазки или аутопсийный материал от пациентов с диагнозом СOVID-19, предварительно подтверж-
денным методом полимеразной цепной реакции в реальном времени (Ct = 10,4–19,8). Подготовку образ-
цов к секвенированию проводили с помощью протокола SCV-2000bp. Полученные данные проверяли на 
присутствие в образце более чем одного генетического варианта SARS-CoV-2. Варианты нуклеотидных 
замен, покрытие для каждого варианта, а также координаты вариабельной позиции в референсном гено-
ме определяли с помощью инструментов программы «CLC Genomics Workbench». При поиске вариабель-
ных нуклеотидных позиций исходили из предположения, что в образце имеются 2 генетических варианта 
(не более), для вероятности определяемого варианта использовали пороговое значение ≥ 90%. Также 
игнорировали варианты, которые были представлены менее чем 20% прочтений от общего покрытия. 
Полученные результаты показали, что в 5 образцах имеется вариабельность, т.е. содержится несколько 
генетических вариантов SARS-CoV-2. В 4 образцах оба найденных варианта геномов различались лишь в 
одной нуклеотидной позиции. В пятом образце были найдены более существенные различия: сразу 3 ва-
риабельных позиции и одна делеция длиной в 3 нуклеотида. Наше исследование показывает возможность 
сосуществования различных генетических вариантов SARS-CoV-2 в организме пациента.

Ключевые слова: SARS-CoV-2; высокопроизводительное секвенирование; двойная инфекция;  
квазивиды.

Источник финансирования. Данная работа поддержана частично грантом РФФИ № 20-04-60561 
(секвенирование), а также частично грантом в форме субсидии на создание и развитие «Центра геном-
ных исследований мирового уровня по обеспечению биологической безопасности и технологической 
независимости в рамках Федеральной научно-технической программы развития генетических техноло-
гий», соглашение № 075-15-2019-1666 (анализ данных).
Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интере-
сов, связанных с публикацией настоящей статьи. 
Для цитирования: Сперанская А.С., Каптелова В.В., Самойлов А.Е., Бухарина А.Ю., Шипулина О.Ю., 
Корнеенко Е.В., Акимкин В.Г. Генетическая вариабельность SARS-CoV-2 в биологических образцах от 
пациентов г. Москвы. Журнал микробиологии, эпидемиологии и иммунобиологии. 2020; 97(6): 511–517.
DOI: https://doi.org/10.36233/0372-9311-2020-97-6-1

Поступила 30.11.2020
Принята в печать 1.12.2020

SARS-CoV-2 have been identified and recorded [4–8]; 
there have been studies based on a large amount of 
the related data. The work [9] includes a bioinformat-
ic analysis of "raw" NGS data from nearly 4 thousand 
samples obtained at different laboratories and available 
in the SRA database3. In addition, the same researchers 
have performed a bioinformatic analysis of NGS data 
for RNA isolated from swabs of patients from Swit-
zerland and have found that different variants of the 
SARS-CoV-2 genome coexist within the same patient. 
U. Fahnøe et al. Explain the phenomenon by natural 
genetic diversity caused by rapid evolution of viruses 
(assuming that some of the genomic variants can be ar-
tifacts that evolved during preparation of libraries and 
sequencing). Indeed, NGS is a recognized technique 
for assessment of genetic variability of viral popula-
tions [10, 11] and is used for confirming the existence 
of viral quasispecies in a patient’s body [12]. Howev-
er, it is not easy to differentiate truly single-nucleotide 
variants (SNV) from errors in sequencing and artifacts 
of sample preparation, especially if it refers to detection 
of rarely occurring sub-populations.

The phenomenon when the same patient has con-
currently two or more variants of the same virus is 
known as dual infection or coinfection, if it occurs si-
multaneously with the first infection or sometime later 
[13]. This phenomenon has been quite extensively stud-
ied among viruses of different families and genera [13–

3 URL: www.ncbi.nlm.nih.gov/sra

Introduction
The COVID-19 pandemic caused by the SARS-

CoV-2 coronavirus began in Wuhan, China, at the end 
of December in 2019. In Russia, the peak of the first 
wave was recorded in the middle of May in 2020; the 
second wave started rising at the end of August. By 
11/11/2020, the number of new COVID-19 cases dai-
ly registered in Russia had reached approximately 19.9 
thousand (more than 1.8 million confirmed cases coun-
trywide.1 In February 2020, the published data obtained 
by foreign researchers performing next generation se-
quencing (NGS) of SARS-CoV-2 genomes showed that 
in the phylogenetic tree, sequences are grouped into 
two major clades (lineages/types/genotypes) known 
as L and S. They are differentiated by single-nucleo-
tide polymorphisms in ORF1ab and ORF8 [1]. By 
10/11/2020, genomes belonging to 8 major clades: L, 
O, S, V, G, GR, GH, and GV had been deposited in the 
GISAID database.2 Out of them, 6 clades were identi-
fied among Russian isolates at the end of April 2020 
[2]; representatives of 7 clades (except for GV) were 
deposited in GISAID in November 2020 [3].

The SARS-CoV-2 belongs to RNA viruses charac-
terized by high mutation rates, which, in their turn, lead 
to evolution of quasispecies (sub-populations) within 
the same host. Currently, the existing quasispecies for 

1 statista.com [Electronic resource]. URL: www.statista.com/sta-
tistics/1102303/coronavirus-new-cases-development-russia

2 gisaid.org [Electronic resource]. URL: www.gisaid.org
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17]. The possibility of coinfection for SARS-CoV-2 is 
still questionable, though the number of arguments sup-
porting this assumption is gradually increasing. Some 
authors interpret the heterogeneity found in SARS-
CoV-2 genome sequences as dual infection. For exam-
ple, this conclusion was offered in the research work 
[18] describing the results of sequencing of the frag-
ment (795 bp long) of the gene encoding the viral spike 
protein, when sample were obtained in Iraq, from 19 
patients having obvious symptoms of COVID-19. By 
using Sanger sequencing, double peaks in chromato-
grams were detected in each of 19 samples. The authors 
explain the heterogeneity found in the sequencing re-
sults as coinfection, while the high percentage (19/19) 
is explained by the specifics of the national approach 
to compliance with sanitary regulation (accidental 
contamination was not considered). In addition to the 
above preprint, at the end of September 2020, a case 
of dual infection with SARS-CoV-2 was reported by 
another group of authors [19] who referred to the data 
published by S. Ilmjärv et al. [20]. Our preprint article 
also provides evidence supporting the possibility of du-
al SARS-CoV-2 infection: We have described the case 
when genomes belonging to GR and GH clades were 
detected in a female 90-year-old patient and when the 
dominant strain changed during the disease course [21].

Mutations occurring in the population and result-
ing from natural evolution of the virus, similar to infec-
tion with another strain, can affect the immune response 
of the host and change the clinical course of the disease. 
Some researchers assume that individual mutations of 
SARS-CoV-2 or their combinations can affect the vi-
ral replication rate and speed of disease transmission, 
cause problems during treatment due to developing an-
tiviral drug resistance mutations [22, 23]. 

The purpose of this study is to demonstrate viral 
quasispecies at least in part of biological samples from 
Moscow patients with confirmed SARS-CoV-2 infec-
tion.

Materials and methods
The study was conducted on swabs (19 samples) 

and autopsy material (2 samples) in transport media 
from patients with ARVI symptoms or with suspected 
COVID-19, which had been initially delivered to the 
Department of Molecular Diagnostic Methods at the 
Central Research Institute of Epidemiology and had 
been identified as SARS-CoV-2 positive. The identifi-
cation involved the real-time polymerase chain reaction 
that was performed with an AmpliSens® Cov-Bat-FL 
reagent kit (AmpliSens, Russia) in accordance with the 
user manual. All the samples used in the study contained 
viral RNA at high concentration (Ct = 10.4–19.8).

 The reverse transcription reaction was conduct-
ed by using 10 µl of RNA samples and Reverta-L kit 
(AmpliSens, Russia) in accordance with the user man-
ual. The obtained cDNA was used as a template for 

amplification of genomic fragments. The SARS-CoV-2 
genome fragments were amplified by using the SCV-
200bp primer panel of our design [25].

The samples were prepared for sequencing in ac-
cordance with the protocol [26]. The Q5 High-Fidelity 
DNA Polymerase (New England BioLabs) was used for 
amplification of genomic fragments, 35 cycles of am-
plification. The same polymerase was used for prepa-
ration of libraries, 8 cycles of amplification. NGS was 
completed by using the Illumina HiSeq 1500 platform 
as well as HiSeq PE Rapid Cluster Kit v2 and HiSeq 
Rapid SBS Kit v2 reagent kits (500 cycles) or the Il-
lumina MiSeq platform and a MiSeq Reagent Kit v2 
reagent kit (500 cycles).

The obtained reads were filtered by quality with 
the help of Trimmomatic [27]; the sequences of primers 
were removed by using cutadapt software [28]; the ob-
tained reads were mapped onto the reference sequence 
EPI_ISL_402124 by using the bowtie2 tool [29]; the 
SAMtools [30] was used to remove chimeric reads 
and to receive bam-files. Consensus sequences were 
obtained with the help of BEDtools [31]. The built-in 
tools of the CLC Genomics Workbench 8.5 program 
were used for identification and estimation of the SNV 
coverage [32]. During the analysis, we proceeded from 
the assumption that the sample can concurrently have 
not more than 2 genomic variants (we used the fixed 
ploidy variant = 2). We set the coverage at ≥ 20% as a 
threshold value for SNV detection (substitutions with 
low coverage were disregarded).

Results
The consensus sequences of genomes from the 

studied samples were deposited in the GISAID data-
base, including SNV in the degenerate nucleotide code 
format (accession numbers are given in Table 1), ex-
cept for one sample - d186dl477 (see below for details).

After quality filtering and PCR primer trimming, 
the amount of information per each sample ranged from 
0.557 million to 11.965 million reads (the median - 6 
million). Then SNVs were analyzed in the viral popu-
lation for each sample. The mapping of reads onto the 
reference genome hCoV-19/Wuhan/WIV04/2019 (the 
GISAID accession number EPI_ISL_402124) showed 
that some samples had variable/degenerate SNV posi-
tions. The proportion of minor subpopulations (estimat-
ed by the minor SNV coverage) ranged from 24% to 
46%. The presence of variability did not depend on the 
number of reads or on the viral load in the sample (see 
samples d186s56, Ct = 10.4 or d186s144, Ct = 11.2, in 
which no variable positions were found).

SNVs in gene encoding S-protein (Spike Gly-
coprotein) were detected in 4 samples: d186s128, 
d186s137, d186dl290, and d186dl477. In the mean-
time, in one of the samples, the same spike glycopro-
tein gene had a heterogeneous section represented by 
the TTA/--- deletion in one of the two genomic variants. 
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Table 1. Description of degenerate positions in analyzed samples

Sample Сt Reads after 
filtration

Nucleotide 
position

Total 
coverage

Nucleotide 
variants

Variant 
coverage

Percent  
of reads

Protein 
mutation

GISAID
accession number

d186s128 16 7 575 603 23613 450 C 207 46% Spike
A684V

EPI_ISL_660437

T 243 54%

d186l325 13,6 6 337 032 No degenerate positions EPI_ISL_610232

d186s56 10,4 6 481 901 No degenerate positions EPI_ISL_610240

d186s51 13,7 12790208 No degenerate positions EPI_ISL_610239

d186s137 16,3 7 992 766 23916 15388 T 9314 60,53%
Spike
V785A

EPI_ISL_660438

C 6065 39,41%

d186s144 11,2 6 928 932 No degenerate positions EPI_ISL_610241

d186s149 13,5 7 026 576 No degenerate positions EPI_ISL_610242

d186s155 12,6 6 815 104 No degenerate positions EPI_ISL_610243

d186s434 14 7 722 664 No degenerate positions EPI_ISL_610244

d186dl199 15,1 3 163 502 No degenerate positions EPI_ISL_610227

d186dl222 18,1 2 885 286 No degenerate positions EPI_ISL_610228

d186dl240 19,8 1 467 205 8139 24 C 8 33,33%
NSP3S1807F

EPI_ISL_660433

T 16 66,67%

d186dl282 13,4 4 043 559 No degenerate positions EPI_ISL_610229

d186dl290 13 557 624 24794 4424 G 1596 36,08% Spike
A1078S

EPI_ISL_660434

T 2825 63,86%

d186dl294 12,9 6 481 228 No degenerate positions EPI_ISL_610230

d186dl302 12,4 3 742 501 No degenerate positions EPI_ISL_610231

d186dl365 14,3 5625499 No degenerate positions EPI_ISL_610233

d186dl381 13,4 3 066 646 No degenerate positions EPI_ISL_610234

d186dl389 13 3 424 997 No degenerate positions EPI_ISL_610235

d186dl441 14,3 4 940 467 No degenerate positions EPI_ISL_610236

d186dl477 12 2 500 575 21588 17058 T 8950 52,47% Spike
P9L

Nucleotide variants 
with major coverage —

EPI_ISL_660435, 
with minor coverage —

EPI_ISL_660436

C 8107 47,53%

21991–
21993

14810 TTA 11250 75,96% Spike
Y145del---(del) 3544 23,93%

27247 7923 C 4870 61,47%
ORF6 

synonymous
T 3043 38,41%

29250 1245 T 873 70,12%
N P326L

C 370 29,72%
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In addition, SNVs were found at the site of the ORF1ab 
gene encoding the nsp3 protein (see sample d186dl240) 
as well as in genes N and ORF6 (encoding same-name 
proteins; see sample d186dl477). 

Sample d186dl477 is especially noteworthy, as 3 
SNVs and a three-nucleotide deletion were detected in 
it. One of the SNVs leads to synonymous substitution 
in ORF6; the other cause mutations in the spike protein 
(P9L and Y145del) as well as in the N protein (P326L). 
All the detected mutations belong to the category of ra-
re or new mutations (Table 2). The coverage of minor 
mutation variants in this sample ranged from 29.7% 
to 47%. We deposited two sequences in the GISAID 
database: Sequence [EPI_ISL_660435] includes major 
mutation variants, while sequence [EPI_ISL_660436] 
includes minor variants.

Discussion
In our study, we intentionally narrowed down our 

search to strongly represented variants, as our main ob-
jective was to show wide occurrence of heterogeneous 
populations of SARS-CoV-2. We analyzed the NGS 
data for SARS-CoV-2 genomes and evaluated the rep-
resentation of viral subpopulations by using variability 
search algorithms implemented as built-in tools of the 
CLC Genomics Workbench program. We did not try to 
find optimum criteria for SNV identification, being satis-
fied by using rigid criteria (min 20% of the total coverage 
of the analyzed position at detection reliability of at least 
90%). We identified SNVs in 5 samples out of 21. In 4 
samples, quasispecies differed in occasional SNVs. 

RNA viruses are characterized by high mutation 
rates, which frequently cause developing of quasispe-
cies within the same host. Numerous studies show that 
several viruses with different SNV in genomes have 
been found concurrently existing in samples from 
COVID-19 patients [8–11, 21]. We assume that occa-
sional SNVs found in 4 samples can be also explained 
by natural evolution of viral genomes in the host. 

The fifth sample (d186dl477) differed from other 
heterogeneous samples by 3 SNPs and 1 heterogeneous 
three-nucleotide section that were detected in it. How-
ever, the values of relative coverage in these positions 
did not show any substantial difference, thus leading 
to the conclusion that the sample has a combination of 
strains. We assume that this phenomenon can be ex-
plained in two ways: unprecedentedly fast evolution of 
the virus in the body of this patient or infection with 
different strains of SARS-CoV-2. 

Recent publications show that the mutation rate 
for SARS-CoV-2 is almost identical to the mutation 
rate of the SARS-CoV genome (0.80–2.38 × 10–3 nu-
cleotide substitutions per site per year) [19, 30, 31]. 
Having statistically analyzed a large amount of "raw" 
sequencing data from different laboratories, J. Kuipers 
et al. [11] demonstrated that heterogeneity of the viral 
population in a sample may correlate with the age of 
the patient. Sample d186dl477 was obtained from an 
84-year-old female patient. If in our theoretical calcu-
lations, we assume that the mutation rate equals the 
highest possible rate (2.38 × 10–3 nucleotide substi-
tutions per site per year), then up to 10 mutations can 

Table 2. Characterization of mutations found in sample d186dl477

Protein EPI_
ISL_660435 EPI_ISL_660436

Frequency of found mutations among known SARS-CoV-2 sequences  
according to GISAID data, as of November 27, 2020

% number of genoms number of countries

NSP2 T547I 0,07 55 10

NSP3 V1847F >0,01 7 2

NSP12 P323L 88,88 184 070 125

Spike P9L – 0,01 27 7

– Y145del Found for the first time

D614G 89,28 18 5187 26

N R203K 36,46 75 504 104

G204R 36,15 74 866 103

M210I 0,24 488 18

A211V 0,08 175 22

P326L – 0,02 41 8

Note. Mutations for which the frequency of occurrence in the world is ≤ 0.25 are in bold.
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evolve in the SARS-CoV-2 genome during 5 days of 
disease progression. 

The idea of evolution is also supported by the fact 
that four mutations out of the mutations common to 
both strains are characterized by low occurrence world-
wide — >0.01–0.24%. The SNV occurrence resulting 
from the consequential evolution should have affected 
the mutation rate. However, the observed difference in 
the coverage values for minor SNVs is not significant. 
In the absence of clinical data and information about the 
duration of the disease in the patient we obtained sam-
ple d186dl477 from, we cannot decidedly assert that 
heterogeneity is a consequence of the natural evolution 
of the virus. A lack of data gives no support for the al-
ternative assumption (i.e. coinfection resulting from the 
infection with the second strain of SARS-CoV-2). 

Being in agreement with the authors [9], we think 
that it is important to find out (in the future) if hetero-
geneity of SARS-CoV-2 populations depends on the 
disease progression, if the probability of detection of 
heterogeneous samples increases with the patient’s age. 
Special attention should be given to developing criteria 
for differentiation between repeat infection and hetero-
geneity resulting from the natural evolution of the virus.
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