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A B S T R A C T

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) recently a global pandemic with unprece-
dented public health, economic and social impact. The development of effective mitigation strategies, thera-
peutics and vaccines relies on detailed genomic and biological characterization of the regional viruses. This study
was carried out to isolate SARS-CoV-2 viruses circulating in Anatolia, and to investigate virus propagation in
frequently-used cells and experimental animals. We obtained two SARS-CoV-2 viruses from nasopharngeal swabs
of confirmed cases in Vero E6 cells, visualized the virions using atomic force and scanning electron microscopy
and determined size distribution of the particles. Viral cytopathic effects on Vero E6 cells were initially observed
at 72 h post-inoculation and reached 90% of the cells on the 5th day. The isolates displayed with similar
infectivity titers, time course and infectious progeny yields. Genome sequencing revealed the viruses to be well-
conserved, with less than 1% diversity compared to the prototype virus. The analysis of the viral genomes, along
with the available 62 complete genomes from Anatolia, showed limited diversity (up to 0.2% on deduced amino
acids) and no evidence of recombination. The most prominent sequence variation was observed on the spike
protein, resulting in the substitution D614G, with a prevalence of 56.2%. The isolates produced non-fatal infection
in the transgenic type I interferon knockout (IFNAR�/-) mice, with varying neutralizing antibody titers. Hyper-
emia, regional consolidation and subpleural air accumulation was observed on necropsy, with similar histo-
pathological and immunohistochemistry findings in the lungs, heart, stomach, intestines, liver, spleen and
kidneys. Peak viral loads were detected in the lungs, with virus RNA present in the kidneys, jejunum, liver, spleen
and heart. In conclusion, we characterized two local isolates, investigated in vitro growth dynamics in Vero E6
cells and identified IFNAR�/� mice as a potential animal model for SARS-CoV-2 experiments.
1. Introduction

The year 2020 has witnessed the emergence and spread of a novel
virus pandemic, called as the Corona Virus Disease 2019 (COVID-19).
The infection started as an epidemic in late 2019 in China, and has turned
out to affect over 4.7 million people in 216 countries as of May 20th,
2020 (World Health Organization, 2020). The causative agent has been
officially named as the severe acute respiratory syndrome coronavirus 2
0 August 2020; Accepted 25 Sep
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(SARS-CoV-2) (Coronaviridae Study Group of the International Com-
mittee on Taxonomy of Viruses, 2020). It is classified in the Betacor-
onavirus genus among other genera in family Coronaviridae (order
Nidovirales). Similar to other coronaviruses, SARS-CoV-2 virions are
enveloped, and possess a large, single-strand, positive-sense RNA
genome. The ORFs in the viral genome encode for 16 non-structural
proteins as well as the spike (S), membrane (M), envelope (E) and
nucleocapsid (N) proteins of the mature virion (Study group, 2020). In
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nature, coronaviruses are zoonotic and widely-distributed agents,
affecting human, livestock, birds, bats, mice and other animals, infecting
cells of the respiratory, gastrointestinal and central nervous systems of
the affected species (Chen et al., 2020). In humans, six coronaviruses
have so far been documented to cause symptomatic disease. Among
these, F229E, HKU1, NL63 and OC43 coronaviruses are involved in
flu-like disease in immune-competent individuals (Su et al., 2016).
However, the acute respiratory syndrome coronavirus (SARS-CoV) and
the Middle East respiratory syndrome coronavirus (MERS-CoV) are
associated with severe diseases of the lower respiratory tract (Tang et al.,
2020). SARS-CoV-2 also affects the lower respiratory track, causing
potentially-fatal pneumoniae in individuals with underlying conditions,
but produces a generally-milder disease. Current information indicates
that SARS-CoV-2 is of zoonotic origin, similar to SARS-CoV and
MERS-CoV (Cui et al., 2019; Andersen et al., 2020). Currently, COVID-19
lacks an evidence-based specific treatment while antiviral therapy com-
bined with various measures for supportive care remains as the main
strategy worldwide (Tang et al., 2020).

Five months after the emergence, it became apparent that health
COVID-19 is a global public health threat. The economic and social
impact of this pandemic is unprecedented and will likely to continue in
years to come. Huge global effort is currently directed at investigating
and developing efficient therapeutics and vaccines for COVID-19 (World
Health Organization, 2020). Key information for these goals will be
provided by detailed genomic and biological characterization of the
regional viruses. They will further facilitate a deeper understanding of
the ongoing virus evolution for better clinical intervention and mitiga-
tion strategies. This study was carried out to isolate SARS-CoV-2 viruses
circulating in Anatolia, to investigate dynamics of virus propagation in
frequently-used cells and experimental animals.

2. Materials and methods

2.1. Ethical statement

Samples used for virus isolation were collected at the Infectious Dis-
ease Clinics, Ankara City Hospital with the official permission from
Ministry of Health, Ankara City Hospital, Ethical Committee for Human
Experiments (20–654, 21.05.2020). The samples transferred to the lab-
oratory in ice and biologically-sealed conditions. Infectivity studies in
IFNAR�/� mice were performed with official permission from the
Ankara University Ethical Committee for Animal Experiments (06 May
2020, 20120-8-66) in the high containment animal facility (Animal
Biosafety Level 3 plus - ABSL3þ) of the department. The animal sam-
plings were conducted according to the national regulations on the
operation and procedure of animal experiments' ethics committees
(regulation no. 26220, 9 September 2006). The mice were humanely
euthanized by CO2 exposure and cervical dislocation.

2.2. Samples, virus isolation and cultivation

Nasopharyngeal swabs from individuals with real-time reverse tran-
scription polymerase chain reaction (RT-PCR)-confirmed COVID19 were
transported in Dulbecco's modified Eagle's medium (DMEM; Lonza,
USA), supplemented with 10% fetal bovine serum and 2% penicillin/
streptomycin. Samples with the lowest Ct values from two male patients
(63 and 57 years old) suffered by severe pneumonia were selected for
isolation attempts. Following filtration through 0.22μm sterile mem-
brane filters (Merck Millipore, Darmstadt, Germany), nasopharyngeal
swabs were inoculated onto African green monkey kidney (Vero E6,
ATCC: CRL-1586) cells, obtained from the cell culture collection of the
Department of Virology, Ankara University Faculty of Veterinary Medi-
cine. The cells were incubated in 5% CO2 at 37 �C in DMEM, supple-
mented with 5% fetal bovine serum, L-glutamine, 100U/mL penicillin
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and 100ug/mL streptomycin. They were monitored daily for cytopathic
effects. Detection of the isolated virus was performed by RT-PCR and
viruses isolated in the study were named as SARS-CoV-2-Ank1 and SARS-
CoV-2-Ank2. We performed three consecutive plaque assays (PA) for
purifying the isolates. In each PA, Vero E6 cells grown in 6-well plates
were infected with 10-fold dilutions of the isolates. After one-hour in-
cubation at 37 �C, the cells were overlaid by molten media (1:1 ratio of
SeaPlaque Low Melting agarose, Lonza, USA and 2xDMEM) and incu-
bated for three days. Plaques were visualized by adding neutral red at 72
h post-inoculation (hpi). Three individually well-separated plaques were
collected and used for the next plaque purification step.

The stock viruses were produced from the purified viruses in Vero E6
cells in T75 culture vessels. Infected cells were frozen when cytopathic
effect (CPE) reached 80% of the monolayer and subsequently thawed and
cleared by centrifugation at 3000 rpm for 15 min at 4 �C. The culture
supernatant was then aliquoted in 500 μL and stored at -80 �C for further
bioassays. The virus was inactivated at 60 �C for 90 min for imaging.

2.3. In vitro infectivity and one-step growth curve

Virus infectivity was detected with the Tissue Culture Infective Dose
50% (TCID50) protocol. Briefly, 100 μL of 10-fold dilutions of each virus
were inoculated in quadruplicate on Vero E6 cells grown in 96-well
microtiter plates. Infected cells were incubated at 37 �C until virus con-
trols showed 100% CPE. The TCID50 was determined according to Reed
and the Muench method (Reed and Muench, 1938). In vitro growth
characteristic of both isolates was analyzed by means of one-step growth
curves. For this purpose, we infected series of Vero E6 cells grown in T25
culture flasks at a 0.01 MOI of the viruses. After one-hour incubation at
37 �C, cells were fed with 5 mL serum free DMEM and one flask was
frozen immediately as 0 time point which was followed by freezing the
remaining flasks every six hours. Each time point was then titrated as
described above.

2.4. Genomic RNA isolation and quantitative RT-PCR

Genomic RNA was extracted using TRIzol reagent (Thermo Fisher
Scientific, USA) according to manufacturer instructions. The final RNA
pellet was resuspended in 100 μL sterile water and used for RT-PCR. The
amplification was performed using probe-based Quantinova Pathogen
reaction mix (Qiagen, USA) with primers (SF1 and SR1) and probe (SPr)
(Supplement1). Reaction conditions were adjusted as described by the
manufacturer.

A 774-bp long fragment of the S gene of SARS-CoV-2-Ank1 isolate
was amplified using the primers SF2 and SR2 (Supplement 1) in a 30 μL
reaction volume using QIAGENOne-step RT-PCRmix (Qiagen, USA). The
PCR product was analyzed on a 1% agarose in Tris-borate-EDTA buffer
gel containing Visafe Red gel stain (Vivantis, Malaysia). Purified PCR
products were ligated into a TA cloning vector pMD19-T (Takara, Japan)
and transformed into DH5a Escherichia coli competent cells. Confirmation
of clones containing recombinant plasmid was achieved by PCR. DNA
plasmid concentrations (C) were measured as the absorbance at 260 nm
(NanoDrop, Wilmington, DE, USA) and copy number (N) of the plasmid
was calculated using the following equation: N¼(C x 6.02 � 1023)/
plasmid MW (molecular weight).

2.5. Genome sequencing and data analysis

For initial whole genome sequencing, we used the commercial
amplicon-based next generation sequencing panel, CleanPlex® SARS-
CoV-2 (Paragon Genomics, Hayward, California, United States), as
directed by themanufacturer, in a NextSeq 500 instrument (Illumina, San
Diego, California, United States). We further performed Sanger
sequencing for confirmation of the virus structural regions. For this
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purpose, S, ORF3a, E, M, ORF6, Orf7a, ORF8, N and ORF10 regions of the
viral genome were amplified using a set of 21 forward and reverse
primers, covering nucleotides 21393–29791 on the SARS-CoV-2 isolate
Wuhan-Hu-1 (GenBank accession: NC045512.2) (Supplement 1). The
amplicons were then bi-directionally sequenced using BigDye Termi-
nator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Hennigsdorf,
Germany) in an ABI PRISM 3500xL Genetic Analyzer (Thermo Fisher
Scientific, Hennigsdorf, Germany).

Obtained sequences were handled using Geneious version 11.1.5
(Biomatters Ltd, Auckland, New Zealand). Alignment and pairwise
sequence comparisons were generated using CLUSTAL W (Thompson
et al., 1994). Recombination screening was undertaken using default
algorithms in the RDP4 software (Martin et al., 2015). Alignment and
pairwise comparison of nucleotide sequences were generated using
CLUSTAL W (Thompson et al., 1994). Evolutionary history was inferred
via the maximum-likelihood method using MEGAX, based on the optimal
substitution model, estimated individually for each alignment according
to the Bayesian information criteria (Kumar et al., 2018).

2.6. Atomic force microscopy (AFM) and scanning electron microscopy
(SEM)

Imaging and size distribution analysis of inactivated SARS-CoV-2
isolate Ank1 were performed using AFM and SEM. Heat inactivated
virus was analyzed in an Asylum Research MFP-3D AFM (Oxford In-
struments, USA) at the image analysis laboratory of UNAM, Bilkent
University. Inactivated solutions (20 μl) were dropped on mica surfaces
for overnight drying. Samples were characterized in tapping mode using
Si probes with a nominal spring constant of 40 N m�1 and a resonance
frequency of 300 kHz (Ted Pella Inc., USA). Additionally, inactivated
viral samples were imaged with environmental scanning electron mi-
croscopy (Technia; FEI, USA). A total of 20 μl of inactivated viral samples
were placed on a piece of silicon wafer. Samples were coated with 5 nm
of gold/palladium using a sputter coater and investigated using SEM. The
size distribution of the inactivated viral particles was analyzed using
Zetasizer Nano ZSP.

2.7. Infectivity in IFNAR �/� mice

The IFNAR�/�mice were inoculated (in duplicate) intranasally with
100 μL (50 μL to each nostril) of 1000TCID50 SARS-CoV-2 isolate Ank1
under intraperitoneal ketamine (200 mg/kg) and xylazine (10 mg/kg)
anesthesia. The mice were observed twice a day for symptoms including
appearance changes (erected hairs), depression, weight loss, and death
during the next 13 days' post challenge. Blood samples were collected
from the tail vein on days 7 and 14 (time of sacrifice) and were used in
virus neutralization assay. Tissue samples (e.g. lungs, jejunum, liver,
heart and kidneys) were taken and used for virus quantification and
immunohistochemistry (IHC) and histopathologic examinations. Besides,
lung homogenate was used next animal inoculation. Virus loads in tissues
were determined using the real-time RT-PCR in the tissues. Two wild-
type mice were also infected as described above with the identical
virus as controls.

2.8. Virus neutralization assay (VNA)

Presence of virus specific neutralizing antibodies in the infected
IFNAR�/� mice were evaluated via VNA. Briefly, the serum samples
were inactivated at 56 �C for 30 min in a water bath. The serially-diluted
(two-fold in DMEM) serum samples were mixed with an equal volume of
100TCID50 virus (1:10000) titer in duplicate, and incubated for 1 h at 37
�C. The serum–virus mixtures were subsequently inoculated onto one-
day-old 90% confluent Vero E6 cells and were grown in 96-well plates.
The infected cells were further incubated under the identical conditions
for four days. The test was evaluated via invertedmicroscopewhen 100%
CPE was observed in virus control wells.
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2.9. Histopathology and IHC

Animals were sacrificed and necropsied in ABSL-3 conditions. Tissues
were fixed in buffered formalin (10%) solution, and standard 4uM tissue
sections were prepared following paraffin embedding. Sections were
stained with Hematoxylin and Eosin (HE) and examined under light
microscope. Tissue sections were also stained immunohistochemically
after antigen retrieval with citrate buffer and quenching for intrinsic
peroxidase with 3% H2O2. Purified SARS-CoV-2 IgG from convalescent
human plasma was used as primary antibody, which was followed by
incubation with HRPO labelled anti-human IgG secondary antibody
(Sigma Aldrich, USA) for an hour. Tissue sections finally were consecu-
tively stained with 3,30 diaminobenzidine tetrahydrochloride (DAB-
ThermoScientific, USA) and HE as a counter stain, and visualized mi-
croscope (Ziess, Germany) after dehydration and mounting on a slide.
2.10. Statistical analysis

Replication performance of the SARS-CoV-2 isolates was evaluated
based on hpi using multiple t-tests (Holm-Sidak method) by GraphPad
Prism version 8.0 (GraphPad Software, San Diego, CA, USA; www.gra
phpad.com). All graphs were created by the same program. Data were
considered statistically significant when p < 0.01.

3. Results

3.1. Growth characteristics of the isolates

Initial signs of virus growth were observed at 72 hpi, characterized by
focally-increased refractility and edging of the cells, followed by round-
ing and clumping. Microscopy also revealed formation of intensive
hyperchromatic cells before detachment (Figure 1). The CPE quickly
spread to the entire culture and cytopathology reached 90% of the cells
infected on 5 days post-infection (dpi). Subsequent passages performed
during plaque purifications resulted in massive destruction of the cells on
5 dpi. Infectivity titers were recorded as 106,25 TCID50/0.1 mL and 106

TCID50/0.1 mL for SARS-CoV-2 isolate Ank1 and SARS-CoV-2 isolate
Ank2, respectively. The virus growth curve demonstrated similar time
course and infectious progeny yields (Figure 2). However, statistical
significance was observed between infectivity titers detected on 12, 18
and 24 hpi using the Holm-Sidak method (p values 0.001098, 0.001244
and 0.000337, alpha ¼ 0.05, each row analyzed individually, without
assuming a consistent standard deviation).
3.2. Genome sequencing and diversity

The genomes of the SARS-CoV-2 isolates A1 and A2 comprise 29.868
nucleotides and overall follow the functional topology of the prototype
virus Wuhan-Hu-1 (Table 1). On the nucleotide level, the genomes were
highly similar, with nucleotide identities of 99.9%, displaying variations
in 7 positions (T17432C, T18870C, T25556G, T26728C, G28874A,
G28875A, G28876C). Only two amino acid substitutions, occurring in
ORF3a (Q57H) and nucleocapsid (N) protein (RG203KR) were noted.
The sequences were 99.9% identical to the Wuhan-Hu-1 virus. The
neighbor-joining analysis of the complete genome sequences revealed
the isolates to be grouped with lineage B1 viruses (Figure 3).

To compare virus genomes and detect probable diversity, we obtained
and analysed SARS-CoV-2 sequences submitted from Turkey, publicly
available in GenBank (https://www.ncbi.nlm.nih.gov/genbank/) or the
GISAID Initiative database (https://www.gisaid.org/). A total of 64 ge-
nomes with complete protein coding regions was included in the analyses
(Supplement 2). Pairwise comparisons revealed diversities up to 0.6%
and 0.2% for nucleotide and deduced amino acids, respectively (region-
specific diversities are provided in Table 1). No reliable evidence for
recombination was detected among the sequences.

http://www.graphpad.com
http://www.graphpad.com
https://www.ncbi.nlm.nih.gov/genbank/
https://www.gisaid.org/


Figure 1. Cytopathology of SARS-Cov-2 Ank-1 isolate in Vero E6 cells. Upper row: (unstained): mock-infected cells (A), virus-infected cells (B); Lower row (crystal
violet): mock-infected cells (C), D: virus-infected cells (D). White arrowheads indicate hyperchromatic cells around detached areas.

Figure 2. One-step growth curve for SARS-CoV-2-Ank1 and SARS-CoV-2-
Ank2 isolates.
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We further screened for particular marker variations, frequently used
to differentiate SARS-CoV-2 clades (Koyama et al., 2020; Mercatelli and
Giorgi, 2020). For markers located in ORF3a (G251V) and ORF8 (L84S),
all genomes were observed as identical and belonged in G and L clades.
However, the spike protein marker (D614G) varied significantly among
viruses, where 28 (43.8%) of the genomes revealed the original aspartic
acid residue, which was replaced by glycine in 36 (56.2%) (Table 2). The
Table 1. Functional topology and diversity rates of the SARS-CoV-2 isolates.

Region Position Size

50UTR 1–258 259

ORF1a 259–13476 132

ORF 1b 13461–21548 808

S 21556–25377 382

ORF3a 25386–26213 828

E 26238–26465 228

M 26516–27184 669

ORF6 27195–27380 186

ORF7a 27387–27752 366

ORF7b 27749–27880 132

ORF8 27887–28252 366

N 28267–29526 126

ORF10 29551–29667 117

30UTR 29668–29868 201

* Indicates maximum deduced amino acid diversity in percent, following removal
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mutation (A23403G) resulting in this substitution is significant, as it is
not only the most frequently-detected mutation worldwide, but likely to
impact one of the B cell epitopes located on the S protein of SARS-CoV-2
as well (Koyama et al., 2020; Mercatelli and Giorgi, 2020).

Screening for other previously-described substitutions predicted to
affect B and T cell epitopes in S, nucleocapsid (N) and membrane (M)
proteins revealed no variations in any of the genomes (Koyama et al.,
2020). Of the 20 most common mutations observed worldwide, the ge-
nomes revealed changes in 9 positions, with varying frequencies
(Table 2). In the S protein, the regions encompassing the ACE2
receptor-binding domain located in the S1 subunit (positions 451–510)
were conserved, except for the I468V substitution detected in 3 (4.7%)
genomes. Likewise, the polybasic cleavage site (RRAR) and neighboring
amino acids (positions 667–694) were retained, except for the single
N679K substitution. The two monopartite and one bi-partite nuclear
localization signals, associated with fatality and host switch, were iden-
tical to the identical to the Wuhan-Hu-1 virus (Gussow et al., 2020).

3.3. Virus imaging

The viral particles were visualized using AFM and SEM. In SEM, the
compact, undisturbed viral structures were visualized (Figure 4, panel A,
upper row). The viral particles appear mostly intact, albeit with the
Protein Diversity*

- -

18 4405 0.7

8 2695 0.5

2 1273 0.3

275 0.4

75 0

222 0.1

61 0

121 0

43 0

121 0.9

0 419 0.5

38 0

of ambiguities in alignments.



Figure 3. Phylogenetic analysis of the SARS-CoV-2 isolates. The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The
percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (500 replicates) are shown next to the branches (Felsenstein, 1985).
The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances
were computed using the Maximum Composite Likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions per site. This analysis
involved 39 nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There were a total of 29903 positions in
the final dataset. Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018; Stecher et al., 2020). Viruses are indicated by country of detection, isolate
name, GISAID database accessiun number and date. Bootstrap values lower than 50 are not shown. Solid triangles indicate local SARS-CoV-2 isolates, Ank1 and Ank2.
Main virus lineages are shown on the tree (Rambaut et al., 2020).
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destruction of few virions, showing damaged capsid structure with po-
tential nucleic acid loss. AFM imaging showed the morphology of the
viral particles (Figure 4, panel A, lower row). Additionally, we checked
the size distribution of inactivated SARS-CoV-2 viruses. which was
observed as broad (Figure 4, panel B). This suggests that either viral
particles clumped at different sizes, or the inactivation triggered a
reversible disassembly of the viral capsids. Once the inactivation tem-
perature is removed, the particles may maintain under non-stress con-
ditions. The overall size distribution in AFM was consistent with SEM
imaging.
5

3.4. Virus infection in mice

The SARS-CoV-2 isolates produced non-fatal infection in IFNAR�/�
mice during 14 days. Daily inspections revealed humped back and
erected hairs, while body temperature and weight remained within
normal limits. Animals were bled from tail vein on days 7 and 14 to check
seroconversion via VNT. Serum samples withdrawn on 14 dpi showed
neutralizing antibody with varied median neutralizing antibody titers
(Table 3). On necropsy, we detected gross findings in lungs with hyper-
emia, regional consolidation and subpleural air accumulation (Figure 5).



Table 2. Occurence of the 20 most frequent mutation events observed in SARS-CoV-2 genomes.

Mutation Target Outcome Frequency (%)

C1059T NSP2 amino acid change (T85I) 3.1

G1440A NSP2 amino acid change (G212D) 0

ATG1605del NSP2 deletion 0

A2480G NSP2 amino acid change (I559V) 0

C2558T NSP2 amino acid change (P585S) 0

C3037T NSP3 silent 64.1

C8782T NSP4 silent 3.1

G11083T NSP6 amino acid change (L37F) 35.9

C14408T NSP12b amino acid change (P314L) 62.5

C14805T NSP12b silent 0

T17247C NSP13 silent 0

C17747T NSP13 amino acid change (P504L) 0

A17858G NSP13 amino acid change (Y541C) 0

C18060T NSP14 silent 0

A23403G S amino acid change (D614G) 56.2

G25563T ORF3a amino acid change (Q57H) 40.6

G26144T ORF3a amino acid change (G251V) 0

T28144C ORF8 amino acid change (L84S) 1.6

GGG28881AAC N amino acid change (RG203KR) 15.6

Figure 4. Imaging of the SARS-Cov-2 Ank-1 isolate using environmental SEM (Panel A – upper row) and AFM (Panel A – lower row). Size distribution of the viral
particles (Panel B).

Table 3. Viral loads and neutralizing antibodies in experimentally-infected mice.

Passage Animal Virus Load (RNA copy/mL) Serology*

Lung Jejunum Spleen Liver Kidney Heart 7dpi 14dpi

1 1 14890 <100 <100 2606 9903 <100 - 1/16

2 9750 <100 <100 <100 5388 - - 1/16

2 1 2560 - <100 157 978 <100 - 1/8

2 7700 <100 140 <100 2839 - - 1/16

* Given as reciprocals of serum dilutions 50% neutralizing (SN50) 100TCID50 of SARS CoV-2; (-) negative.
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Virus loads in tissues were determined by quantitative real-time RT-PCR.
Limit of detection (LOD) of the system was observed as 100 copy/μL.
Measurable virus RNAwas detected in lung, liver and jejunum samples of
the infected animals (Table 3). No evidence for infection by RT-PCR or
histopathology was observed in controls.
6

3.5. Histopathology and IHC in mice

Tissues including lungs, heart, stomach, intestines, liver, spleen and
kidneys from both mice revealed similar histopathological and immu-
nohistochemical findings. Microscopically, no significant



Figure 5. Hematoxlyin-eosin (A) and IHC (B) staining of respiratory epithelium in the IFNAR�/� mouse with prominent lung findings. Alveoli are lined by some
pneumocytes with marked cellular atypia such as nuclear enlargement and prominent nucleoli (arrows) (A). In IHC, pneumocytes (arrow) and respiratory epithelium
lining this bronchiole (asterix) showed strong cytoplasmic and staining (B).
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histomorphologic change was observed in most tissues, except that some
pneumocytes showed cytologic atypia characterized by nuclear
enlargement, irregular nuclear contours, and prominent nucleoli in one
individual (Figure 6). Immunohistochemically, we observed large areas
of strong cytoplasmic and membranous staining in the following tissues:
respiratory epithelium and pneumocytes of the lungs, enterocytes of in-
testinal villi and crypts, hepatocytes and biliary ductal epithelium,
particularly the histocytes of the spleen, and renal tubular epithelial cells.
Occasionally, weak-to-moderate signals were also seen in cardiac myo-
cytes and gastric glands (Figure 6).

4. Discussion

In this study, we describe the isolation and genome sequencing of two
SARS-CoV-2 isolates from infected humans in Turkey, viral replication
kinetics in Vero E6 cells and outcome of infection in experimentally-
infected IFNAR�/� mice. The lack of innate antiviral interferon
signaling makes Vero E6 one of the frequently-used cell lines for virus
isolation (Emeny andMorgan, 1979). We accomplished isolation without
TPCK-treated trypsin to facilitate virus attachment. Similar to SARS-CoV
(Kaye, 2006), we observed Vero E6 lines to support SARS-CoV-2 repli-
cation and produce high titers of virus with prominent CPE. The
epithelium is often the first site of replication in respiratory viruses,
including coronaviruses (Matrosovich et al., 2004; Zhang et al., 2002).
SARS-CoV-2 needs to bind angiotensin-converting enzyme 2 (ACE2) re-
ceptor expressed on the host cell membrane. Vro E6 cells express ACE2
receptor on their apical plasma membrane (Ren et al., 2006). In our
study, isolation and further cultivation trials were successfully performed
in Vero E6 cells to high titers (>107/mL) with rapidly-developing cyto-
pathic effect in each passage. Regarding replication performance, we
noticed slight differences between two isolates in terms of virus yields
harvest during early replication. However, this was not further explored
during subsequent passages.

Whole genome sequencing of the isolates revealed that the viruses
were well-conserved, with less than 1% diversity compared to the pro-
totype SARS-CoV-2 Wuhan-Hu-1. Following the pandemic spread, the
low variability of SARS-CoV-2 genomes has been widely observed, owing
to the available rapid sequencing technologies and data sharing plat-
forms. Currently, over 50,000 viral genomic sequences have been made
publicly-available, enabling near real-time evaluation of genomic varia-
tions during spread (Shu and McCauley, 2017). A large-scale analysis
calculated an average of 6.7 mutations per genome, as compared to the
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reference virus (Mercatelli and Giorgi, 2020). The grouping of global
viruses into three main clades, namely, G, S and V, according to specific
marker mutations in the genome has been widely used. Moreover, a
recently-proposed system clusters global SARS-CoV-2 isolates into main
lineages A and B, with sublineage designations indicated with numbers
(Rambaut et al., 2020). According to this classification, SARS-CoV-2
isolates Ank1 and Ank2 are grouped within the lineage B1, mostly rep-
resenting viruses from European outbreaks with further global expan-
sion. Our analyses of the viral genomes obtained in this study, as well as
the available complete genomes from Anatolia further showed very
limited diversity (up to 0.2% on deduced amino acids), no variation in
markers located in ORF3a and ORF8, and no evidence of recombination.
The most prominent variation is observed on the spike protein marker,
resulting in the substitution D614G, with a prevalence of 56.2%. This
substitution may be associated with significant consequences for viru-
lence and immune response. It is highly-prevalent in Europe, particularly
in Netherlands, Switzerland and France, as well as in Brazil (Koyama
et al., 2020). Experimental evidence suggests that viruses possessing the
substitution has limited shedding of the spike S1 domain, increased
S-protein incorporation into the virion, resulting in enhanced trans-
mission (Zhang et al., 2020). Moreover, it is likely to cause a change in
the virus B-cell antigenic epitopes, due to the alterations in size and
hydrophobicity profile, with unknown consequences on immunogenicity
and antibody-dependent virus neutralization (Koyama et al., 2020).
Therefore, it must be considered in prospective vaccine studies, pro-
longed immune response and cross-protection evaluations. We have not
performed a comprehensive phylogenetic evaluation in this study.
Nevertheless, a recent analysis, albeit with a lower number of genomes,
suggested multiple independent international virus introductions in
Anatolia and inland spread (Adebalı et al., 2020).

Finally, we inoculated IFNAR�/� mice with the local SARS-CoV-2
isolates, for a preliminary evaluation of infection dynamics in a small
animal model. SARS-CoV-2 infects mice inefficiently, due to the varia-
tions in ACE2 structure, serving as the virus receptor. Hence, transgenic
expression of human ACE2 for enhanced susceptibility to the virus has
been attained in various mice breeds and such models have been widely-
used for COVID-19 research (Bao et al., 2020; Jiang et al., 2020). Mice
transgenic for hACE2 have been developed as an animal model for
SARS-CoV-2 infection, and it presents as a non-lethal disease with an
RNA load of 106.77 copies/ml or 102.44 TCID50/100 μl at 3 dpi (Bao et al.,
2020). In addition, Syrian hamsters were also found susceptible to
SARS-CoV-2 infection with mild disease starting at 2 dpi and viral load as



Figure 6. IHC staining in other tissues. Patchy immunoreactivity is seen in cardiac myocytes (A). In the gastrointestinal tissue, staining is strong and diffuse in the
epithelium of small intestines (B), whereas only scattered glandular cells are positive in the stomach (C). In the spleen, interfollicular histiocytes are positive (D). In
this image from the kidney shows a glomerulus at the center, which is negative, and tubular epithelium with diffuse and strong staining (E). A patchy staining is also
noted in hepatocytes as well as ductal epithelial cells in the liver (F).
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high as 105-107 TCID50/g in the lung. The animals recovered from the
infection about 7 dpi (Chan et al., 2020). Wild-type C57BL/6 and re-
combinant virus inoculated BALB/c mice were investigated as other
potential small animal models as well (Dinnon et al., 2020; Sun et al.,
2020). In the IFNAR�/� mice, local SARS-CoV-2 isolates were non-fatal
within two weeks of inoculation and only mild symptoms were noted,
with neutralizing antibodies being detectable on the 14 day
post-inoculation. Quantitative RNA measurements and IHC showed
probable viral replication in several internal organs including lungs,
liver, spleen, kidneys, heart and the gastrointestinal system. These find-
ings suggest that the virus causes a systemic infection in IFNAR�/�mice.
The gross findings and relative viral loads further indicate lungs as the
main site of viral replication, with cellular atypia observed in tissue
sections (Figure 5). These observations require further confirmation in
larger cohorts. In this study, we observed a decreased amount of virus
load in tissues after both passages. This could be due to the low recovery
of viruses from tissues since the animals sacrificed on 14 dpi. Also, the
presence of diffuse infection in the proximal tubule epithelium of the
kidney suggests the possibility of the virus shedding via urine, which was
documented in human infections as well (Guan et al., 2020). The
IFNAR�/� mice require attention as alternate models for SARS-CoV-2
studies.

In conclusion, we characterized two local SARS-CoV-2 isolates,
studied in vitro growth dynamics in Vero E6 cells and presented trans-
genic type I interferon knockout mice as usable animal model for vaccine
or drug trials.
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