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Study of cultural properties of canine

enteric coronavirus isolate in different cell cultures

A. A. Komarova, T. S. Galkina
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SUMMARY

The etiology of the diseases affecting gastrointestinal tract of dogs is variable. The second most important enteric viral pathogen in the world after parvovirus is
coronavirus (CCoV). Vast studies by scientists from different countries evidence the ubiquitous spread of coronavirus infection in dog populations. In this regard,
the prevention of this disease is still an acute problem; firstly this means the development of effective vaccines, which can provide a reliable protection from the
infection. The aim of this work was to study the CCoV isolate cultural properties, the selection of cell cultures most suitable for its reproduction and optimization
of virus cultivation parameters in sensitive cell lines. The CCoV isolate recovered from the pathological material of a dead puppy with enteritis symptoms was used
in the study. Seven continuous and two primary trypsinized cell cultures were tested during the study and it was established that the most sensitive cell culture for
the reproduction of this isolate was continuous Crandell-Rees Feline Kidney Cells (CRFK) in which a typical cytopathic effect was noted on Day 2 of the cultivation.
Virus infectivity titer in this culture was 3.58 + 0.14 1g TCID, /cm?. It was established that such cell lines as feline spleen cells (FS) and primary trypsinized kitten
spleen cells (KS) are also sensitive to the CCoV isolate but less than CRFK cells. Effect of such parameters as multiplicity of infection, cultivation time, inoculation
technique, adsorption period and cell line age on coronavirus growth rate was studied for some selected cell cultures. It was concluded that CRFK and FS cells can
be used for the propagation of viral material to develop diagnostic tools and vaccines against canine enteric coronavirus.
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A3yueHue KynbTypanbHbIX CBOICTB U30NATA
B030YauTENA KOPOHABUPYCHOTO SHTepUTa CO0AK
B Pa3/INYHbIX KYNbTYpax KNeTok

A.A. Komaposa, T. C. TankuHa
OIBY «OeepanbHblil LieHTp oxpaHbl 340pOBbA XUBOTHbIX» (OT'BY «BHUW3X»), . Bnagumup, Poccusa

PE3IOME

JTvonorua 3abonesaHuii, CONPOBOXAAILLMXCA NOPAXKEHUEM XKeNyLOoUHO-KULLEYHOTO TPaKTa Y cobak, MHoroobpasHa. Bropbim Hanbonee pacnpocTpaHeHHbIM
y cobak dHTeponaToreHoM BMPYCHOIA PUPOAbI B MUpe Nocie napBoBupyca ABnseTca kopoHasupyc CCoV. 06LwmpHble nccnefoBaHms, NPoBeJeHHbIe YYeHbIMN
113 Pa3HblX CTPaH, I0Ka3bIBatOT NOBCEMECTHOE PAaCPOCTPaHeHie KOPOHABUPYCHOI MHdEKLMY B NONYAALMK cobaK. B CBA3M C3TUM He TepAT akTyanbHOCTH BO-
npocbl NpodUNAKTUKY AaHHOTO 3a6071€BaHNA, B NEPBYH 0Uepesb 3roToBNeHIe 3GEKTUBHBIX IMMYHOBIONOrMYECKIX NPENapaTos, 00ecreunBaloLLX HAAEXHYI0
3aLLKTY OT AaHHOI MHdeKLMu. Lienblo HacToALelt paboTbl ABRANOCH U3yueHNe KynbTypanbHbix cBoilcTB u3onaTa (CoV, Bbibop Hanbonee nogxoaaei ana ero
penpoayKLyMN KNeTouHoi CMcTeMbl 1 ONTUMU3ALIUA NapaMeTPoB KyNbTUBMPOBAHUA BUPYCa B YyBCTBUTENbHDBIX KNIETOUHbIX IMHUAX. B onbiTax ncnonb3oBanu
n3onat (CoV, BblAeneHHbIi U3 MaTonornyeckoro Matepuana, nosyueHHoro ot norubLLero LeHKa ¢ CUMNTOMaMU SHTepUTa. B Xofe nccnenoBaHuil 6b10 UCMbITaHo
(eMb NepeBNBaeMbIX 1 1B NePBIUYHO TPUMCUHI3UPOBAHHbIE KYNbTYPbI KNETOK 11 YCTaHOBNEHO, UTo Haubonee YyBCTBUTENbHOI KNETOUHON CUCTEMOI ANA pe-
MpOAYKLIM AAHHOTO N30N1ATa ABNAETCA NepeBinBaeMasd KynbTypa kneTok nouku Kowwku CRFK, B KoTopoil Ha 2-e cyT KynbTMBMPOBaHIA 0TMeYanoch XapakTepHoe
uwTonaTuyeckoe AevicTaue. THTP UHGEKUMOHHOIA aKTUBHOCTI BIYCa B aHHOI KyNbType Gbin Ha ypoBHe 3,58 + 0,14 1g TLL, /cw’. OnpegeneHo, 4o Takwe K-
TOYHbIE IMHUK, KaK NepeBUBaEMas KyNbTypa KNeTok cene3eHKi KoLK (FS) 1 nepBuYHO TPUNCUHM3MPOBAHHAA KyNbTypa KNeTok ceneeHkin koteHka (CK), Takxe
uyBcTBUTENbHbI K M30n4TY CCoV, HO B MeHbLueli cTenen, yem CRFK. Takxe B xofie 0MbITOB 113yuanock BANAHME Ha HAKOMNeHIe KOpOHaBUpYCa TaKUX MoKa3aTeneli,
Kak MHOXeCTBEHHOCTb 3apaXKeHus, Bpema KyNbTUBIPOBaHNA, CNOCO6 3apaeHus, CPOK NpeABapuUTeNbHOro KoHTaKTa (apcopbumu) Bupyca  KynbTypoit Knetok
11 BO3PACT KNETOYHOI CMCTEMbI ANA HEKOTOPbIX BbIOPaHHbIX KynbTyp KneTok. CAenaH BbiBog, uto nnHun knetok CRFK v FS moryT 6biTb cnonb3oBaHbl Ana nony-
YeHWA BUPYCHOO MaTepuana ¢ Lienbto pa3paboTkin CpeacTB AUArHOCTUKIA 1 CieLnduyeckoil NpodunakTvki KOpOHABUPYCHOTO SHTEPUTA CObaK.
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INTRODUCTION

Symptoms of gastrointestinal disorders in puppies are a
frequent reason for visits to veterinary clinics. The etiologi-
cal factors responsible for their occurrence are diverse. Ca-
nine coronavirus (CCoV) is the second most common en-
teric pathogen in the world after canine parvovirus (CPV)
responsible for the viral diseases [1-3].

Serological and virological tests have shown that CCoV
is widespread in the dog population, especially in kennels
and animal shelters [4]. It is also reported in wild canines,
including foxes, raccoon dogs and wolves [5-7]. Since
the late 1990s and in the 2000s, scientists from different
countries have repeatedly identified highly virulent strains
of the coronavirus in dogs [8-10]. Pantropic CCoV (pCCoV)
isolated in Italy in 2005 causes systemic disease in puppies
followed by death [11].1n 2008, pantropic CCoV-associated
disease was reported in France and Belgium [12], in 2010
in Greece [13]. In 2020, a large number of gastroenteritis
cases caused by canine coronavirus infection were repor-
ted in the UK [14, 15].

The results of molecular tests conducted in Italy
and Australia suggest that the virus is changing and its
virulence is gradually increasing [16]. In this regard, the de-
velopment of vaccines that provide reliable protection
against new, including pantropic, strains of canine corona-
virus remains critical, since existing vaccines have shown
limited effectiveness [17].

The purpose of this work was to study the cultural pro-
perties of the canine coronavirus isolate in primary and
continuous cell cultures for further use in immunobiologi-
cal production.

MATERIALS AND METHODS

The CCoV isolate recovered from pathological samples
from a dead puppy with enteritis symptoms was used in
the tests.

To study the cultural properties of the virus, the fol-
lowing cell cultures were selected:

- trypsinized primary cells and subcultures: kitten kid-
ney (KK) cells and kitten spleen (KS) cells;

- continuous cell cultures: feline kidneys (CRFK), feline
spleen (FS), canine kidneys (MDCK), as well as African
green monkey kidney (Vero-76), mouse neuroblasto-
ma (Neuro-2a), porcine kidney (IB-RS-2) and domestic goat
gonad (YADK-04).

Cell cultures were obtained from the Cell Culture Sector
of the FGBI“"ARRIAH".

Two methods of cell culture inoculation were used:

- inoculation of a cell culture monolayer: the virus was
inoculated in a completely formed monolayer of primary
trypsinized and continuous cell cultures;

— inoculation of cell suspension: the virus was inocula-
ted in cell suspension during seeding.

The virus was cultured in 25 cm? polystyrene cell culture
flasks (T25).

Before inoculation of the cell monolayer with the virus,
the nutrient medium was removed from the flasks. Then
the virus was inoculated and cell culture flasks were in-
cubated for 60 minutes in CO, incubator at (37.0 £+ 0.5)°C
for contact (adsorption) of the virus to the cell monolayer.
After contact (adsorption), a maintenance medium was ad-
ded to the flasks. For maintenance a semi-synthetic nutri-
ent medium was used, prepared according to the formula
by the FGBI“ARRIAH’, with the addition of 2% fetal bovine
serum, 2% L-glutamine, streptomycin (100 pug/cm?®) and
penicillin (100 U/cm?).

At the end of the cultivation time, each flask was fro-
zen at a temperature of minus (45 £ 5) °C and thawed
at (20 + 2) °C. Monolayer was disaggregated by periodic
shaking of the flask, then samples were taken from the flasks
to determine the titer of the CCoV isolate infectivity.

The CCoV isolate infectivity was determined in CRFK cell
line grown in 96-well plates Costar® (Corning, USA) by mic-
rotitration using a generally accepted procedure. Micro-
plates were examined daily using Olympus SKX53 inver-
ted microscope (Japan), the number of wells with a typical
cytopathic effect (CPE) was recorded. The infectivity titer
was calculated using the Kerber method and expressed in
IgTCID, /cm?. Samples were additionally tested for canine
enteric coronavirus using commercial chromatographic
immunoassay kits Asan Easy Test® CCV Ag (Asan Pharma-
ceutical Co., Ltd., Republic of Korea).

RESULTS AND DISCUSSION

To study the susceptibility of various cell cultures
to the CCoV isolate, five serial passages were made
in continuous (CRFK, MDCK, FS, Vero-76, YADK-04,
Neuro-2a, IB-RS-2) and trypsinized primary cells and
sub-cultures (KK, KS). The presence of the CCoV antigen
in the culture fluid after each passage was determined

VETERINARY SCIENCE TODAY. 2023; 12 (1): 23-28 | BETEPUHAPUA CETOAHA. 2023; 12 (1): 23-28



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHANIbHBIE CTATbY | BUOTEXHONOTUA

Table 1
Sensitivity of different continuous cell lines to the (CoV isolate (n = 3)

Infectivity titer, Ig TCID, /cm?

CRFK MDCK FS Vero-76 YADK-04 Neuro-2a IB-RS-2

Passage

1 3.08+£0.14 1.25+0.25 2.50+0.25 <10 <10 <10 <10
2 3.33£0.14 <10 292+0.14 <10 <10 <10 <10
3 3.58+0.14 <10 3.08+0.14 - - - -
4 3.58+0.14 —* 3.08+0.14 - - - -
5 3.58+0.14 =¥ 3.08+0.14 - - - -

*not tested.

by immunochromatographic test kits (ICT). The results of
the tests performed are given in Table 1.

It was found that CCoV isolate actively replicated and
accumulated only in CRFK and FS lines. In other cell cul-
tures, CCoV did not replicate. The maximum viral growth
rate was observed from Passage 3 in CRFK cell culture
(3.58 £ 0.14 Ig TCID, /cm?), and microscopic examina-
tion revealed typical CPE in the cell culture starting from
Passage 1 (Fig. 1-4). It was manifested by cell rounding,
cytoplasm degeneration, symplast formation and gradual
destruction of the monolayer.

In FS cell lines, the virus accumulated in smal-
ler quantities, starting from Passage 3 the titer was

Fig. 1. CCoV not-inoculated CRFK monolayer after 3 days
(40x magnification)

Fig. 3. CRFK monolayer 3 days post inoculation with CCoV
isolate (40x magnification)

3.08 + 0.14 Ig TCID, /cm?, no typical CPE was observed
during microscopic examination. When culturing the virus
in MDCK cell line, minimal viral growth rate in Passage 1
was noted equal to 1.25 +0.25 Ig TCID, /cm?, however, fur-
ther microtitration in CRFK cell line did not reveal a typical
CPE, and at Passage 4 ICT gave a negative result. In other
cell lines, the passaging of the CCoV isolate turned out
to be impractical after Passage 2 since microtitration in
CRFK-containing wells showed no typical CPE, and the ICT
demonstrated the lack of the viral antigen.

Results of the CCoV isolate cultural properties analysis
in KS and KK trypsinized primary and subculture cells are
presented in Table 2.

Fig. 2. CRFK monolayer 2 days post inoculation with CCoV
isolate (40x magnification)

Fig. 4. CRFK monolayer 3 days post inoculation with CCoV
isolate (100x magnification)

VETERINARY SCIENCE TODAY. 2023; 12 (1): 23-28 | BETEPUHAPUA CETOAHA. 2023; 12 (1): 23-28

25



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHANIbHBIE CTATb | BUOTEXHONOTUA

Virus cultivation in KK trypsinized primary and subcul-
ture cells led to a gradual decrease in its infectivity. At Pas-
sage 2, ICT showed a positive result for the canine enteric
coronavirus antigen. However, the titration in CRFK cell
line did not demonstrate typical CPE in the plate. At Pas-
sage 3, the ICT result was negative, therefore, further
cultivation of the virus in the KK trypsinized primary and
subculture cells became impractical. Cultivation of CCoV
isolate in KS trypsinized primary and subculture cells re-
sulted in a gradual viral growth, with the infectivity titer
0f3.42+£0.141g TCID, /cm?® at Passage 5. At the same time,
no typical CPE was observed in this cell culture.

It should be noted that continuous CRFK and FS cell
lines can be considered most suitable of all the tested
cell cultures for this CCoV isolate reproduction.

Table 2
CCoV isolate reproduction in primary trypsinized and subculture cells (KS and KK),
n=3

Cell culture | Passage | Cultivation time, h | Infectivity titer, IgTCID /cm® | ICT result
1 72 1.50£0.25 +
2 72 2.58+0.14 +
KS 3 72 292+0.14 +
4 72 2.92+0.14 +
5 72 3.42+0.14 +
1 72 233+0.14 +
KK 2 72 <10 +
3 72 % _
* not tested.
Table 3

CCoV isolate growth dynamics depending on culture time in continuous, primary
and subculture cells (n=3)

Infectivity titer, Ig TCID, /cm?

48 hours 72 hours 96 hours 120 hours

Cell culture

FS 2.75+0.25
KS 3.00+0.25

3.17+0.14
3.42+0.14

2.83+0.29
3.17+0.14

2.67 +0.14
3.08+0.29

Table 4
Effect of multiplicity of infection on CCoV isolate infectivity (n = 3)

Cell culture | MOI, TCID, /cell | Cultivation time, hours | Infectivity titer, Ig TCID /cm?’
0.1 48 3.25£0.25
0.01 72 3.58+0.14
RHK 0.001 96 1.50£0.25
0.0001 96 1.08 £0.14
0.1 72 3.17+0.14
0.01 72 3.08+0.14
& 0.001 72 2.92+0.38
0.0001 72 2.08+0.14

MOI — multiplicity of infection.

Further studies included the analysis of the effect of
the following factors on viral growth rate: the time of virus
cultivation in cell cultures in which the CCoV isolate did
not produce CPE, the multiplicity of infection, inoculation
method, the period of viral contact (adsorption) to cells
and the age of cell lines.

To study the dynamics of the CCoV isolate growth
rate depending on the cultivation time, cell cultures
in which the CCoV isolate did not produce typical CPE and
the monolayer remained compact throughout the entire
cultivation were used. The above mentioned cultures in-
cluded continuous FS cell line and KS trypsinized primary
and subculture cells. CCoV isolate was cultured for 48, 72,
96 and 120 hours. The results of the tests performed are
given in Table 3.

Analysis of the results showed that the cultivation of
the CCoV isolate for 48 hours is insufficient for its maxi-
mum growth rate, the infectivity titer after Day 2 was
the lowest. It was found that the most optimal time for
coronavirus cultivation is 72 hours (3 days). The infectivity
titer of the CCoV isolate was the highest and was equal
t03.17 £0.14 and 3.42 £ 0.14 Ig TCID, /cm? in FS and KS
celllines, respectively. With further cultivation after 96 and
120 hours in both cell cultures, the infectivity titer of the vi-
rus decreased.

To study the effect of the multiplicity of infection on
the infectivity of the CCoV isolate, the following infection
doses were used: 0.0001; 0.001; 0.01 and 0.1 TCID, /cell.
The tests were performed using two continuous CRFK
and FS cell lines. Incubation of the virus in CRFK cell
culture was stopped when 80% of the monolayer was
destructed and cells detached from the glass. In FS cell
lines, the virus was incubated for 72 hours, since earlier
experiments showed that this time is optimal for maxi-
mum growth rate of the CCoV isolate in the specified
cell culture. The results of the tests performed are given
in Table 4.

It found that the CCoV isolate infectivity in CRFK cell cul-
ture with a multiplicity of infection of 0.01 TCID, /cell was
3.58 £ 0.14 TCID, /cell. At lower inoculation doses (0.0001
and 0.001 TCID, /cell), the infectivity decreased significant-
ly, and the time of CPE manifestation increased to 96 hours.
At a multiplicity of infection of 0.1 TCID_ /cell, a faster CPE
manifestation and 80% destruction of the monolayer
was observed. However, the titer of the virus was lower
and was at the level of 3.25 + 0.25 Ig TCID, /cm?, which
is probably due to too rapid destruction of the monolayer,
as a result of which the virus did not have enough time
to accumulate in maximum concentration. Thus, the opti-
mal multiplicity of infection of CRFK cell line with the CCoV
isolate is 0.01 TCID, /cell.

The infectivity of CCoV isolate in FS cell culture at multi-
plicity ofinfection of 0.1and 0.01 TCID, /cellwas 3.17 +£0.14
and 3.08 £ 0.14 Ig TCID, /cm?, respectively. At lower inocu-
lation doses (0.0001 and 0.001 TCID_ /cell), the infectivity
of the virus decreased, therefore it is advised to inoculate
FS cell line with a dose of 0.01 TCID_ /cell.

At the next stage of the work, two methods of inocula-
tion of CRFK and FS cell lines were compared: direct inocu-
lation of cell suspension with the virus and adsorption on
the formed cell monolayer for an hour.

The results presented in Table 5 demonstrate that the ti-
ter of the CCoV isolate infectivity was maximal when it was
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inoculated on the cell monolayer. In CRFK and FS cell lines,
itwas3.58+0.14and 3.17 £0.14Ig TCID, /cm?, respective-
ly. Inoculation of CRFK and FS cell suspension gave a lower
infectivity of the virus.

Also in this study, the effect of such a factor as the time
of preliminary contact (adsorption) of the virus with
the CRFK monolayer on the dynamics of CCoV isolate accu-
mulation was analysed. The results of the tests performed
are given in Table 6.

It was found that the cultivation of the CCoV isolate
without prior contact (adsorption) with the CRFK mono-
layer was accompanied by a low viral growth, the infec-
tivity titer was at the level of 2.42 + 0.14 Ig TCID, /cm®.
With an increase in the time of preliminary contact
(adsorption) of the virus with the monolayer, the infec-
tivity titer of the CCoV isolate gradually increased from
3.08 £ 0.14 Ig TCID, /cm? if adsorption lasted for 30 min-
utes and to 3.33 + 0.14 Ig TCID, /cm? with 60 minute ad-
sorption. Subsequently an increase in the adsorption time
to 90 minutes led to a slight decrease in the infectivity.
Thus, 60 minutes can be considered the optimal time of
the viral contact (adsorption) with the monolayer.

The final stage of the work was to study the effect of
the cell culture age on the CCoV isolate infectivity. For this
purpose, CRFK cell line was chosen, since this is the line in
which the virus accumulates in maximum concentration
and manifests visible CPE. For testing, a cell culture with
a fully formed monolayer was used.

As it can be seen from Table 7, inoculation of the CCoV
isolate on a one- and two-day CRFK monolayer, the in-
fectivity titers of the virus did not differ and was equal
to 3.08 + 0.14 Ig TCID, /cm®. When the virus was in-
oculated into three-day CRFK cells, the infectivity of
the CCoV isolate increased insignificantly and amounted
t0 3.17 £ 0.14 Ig TCID, /cm?. When a four-day cell culture
was inoculated with the CCoV isolate, the growing of the vi-
rus decreased to 2.92 + 0.14 Ig TCID, /cm?, and the culti-
vation time increased to 96 hours. A decrease in the viral
infectivity may be associated with aging of the CRFK cells
and with a slowdown of metabolic processes in cells. Thus,
to accumulate the CCoV isolate in the maximum amount,
itis advisable to use CRFK cells with a fully formed 1-3-day
monolayer.

CONCLUSION

In this work, the possibility of the CCoV isolate repro-
duction in various continuous and trypsinized primary cell
lines of homologous and heterologous origin was studied.
The study of the susceptibility of continuous cells to CCoV
isolate revealed that CRFK and FS cell lines are effective for
the preparation of a highly active viral suspension. These
cell lines can be used to prepare viral material for deve-
loping diagnostic tools and vaccines against canine enteric
coronavirus. Studies have shown that the optimal dose of
CRFK cellinoculation is 0.01 TCID, /cell, the viral infectivity
titer was 3.58 + 0.14 Ig TCID, /cm?®. For FS cells, it is advis-
able to use an infection dose of 0.01 TCID, /cell. It was es-
tablished that the virus accumulates in maximum amounts
when CRFK cells are inoculated into a fully formed 1-3-day
cell monolayer and cultured for 48-72 hours. For FS cell
culture, the optimal conditions included inoculation of
the virus in the formed cell monolayer and cultivation
for 72 hours.

Table 5
Effect of inoculation technique on CCoV isolate infectivity in continuous cells (n = 3)

Inoculation Mol, Cultivation time, Cell Infectivity titer,

method TCID, /cell hours culture lgTCID, /cm’
Monolayer 0.01 72 3.58+0.14

CRFK E——
Suspension 0.01 48 3.17£0.14
Monolayer 0.01 72 3.17+0.14
FS

Suspension 0.01 72 2.75+0.25

MOI — multiplicity of infection.

Table 6
Effect of contact (adsorption) period on CCoV isolate growth rate in CRFK cells (n =3)

Adsorption time, minutes

Parameters 1o contact
(adsorption)
MOJ, TCID, /cel 0.01
Infectivity ter, |y ro1a | 3084014 | 333014 | 3254025
lg TCID, /cm

MOI — multiplicity of infection.

Table 7
Effect of CRFK cell age on infectivity of CCoV isolate (n = 3)
Time of cultivation, hours

Age of culture, days Infectivity titer, Ig TCID, /cm’

1 48 3.08+£0.14
2 n 3.08£0.14
3 7 3.17+0.14
4 9% 2.92+0.14
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