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The purpose of this study was to investigate the features of cultivation of bovine corona-
virus strain CV-315 isolated in Ukraine from a calf with coronavirus infection and to select optimal
methods of virus cultivation to obtain viral material with the highest possible titers of infectious
activity in order to develop manufacturing technology of means of immunoprophylaxis and specific
diagnostics. During the study, the influence of a number of factors on the accumulation of strain
CV-315 was studied: the presence and concentration of trypsin in the nutrient medium, the effect
of fetal bovine serum, the degree of cell culture monolayer during virus infection, also the virus
dose, temperature and the term of cultivation. According to the results, it was established that
bovine coronavirus strain CV-315 has the highest infectious activity when cultured for 72 hours
before the manifestation of CPE of 70—-80%, without the addition of trypsin and fetal bovine serum
content of 2% at 37+0.5°C. It was also found that the optimal infective dose is 0.1-0.01 viral
particles per cell for infection of the fully formed monolayer of MDBK cell culture. The obtained
results will be used in the development of veterinary vaccines against bovine coronavirus.
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Coronaviruses are widespread in the environment
and cause acute diseases not only in livestock and poul-
try, but also in humans. That is why studying the biologi-
cal properties of coronaviruses and ascertainment of the
conditions and modes of its cultivation should help solve
global problems that arise in the world and are associated
with the spread of dangerous socio-economic trends and
also for a deeper understanding of epizootic processes.

Bovine coronavirus (BCoV) is a virus that causes
disease in domestic and wild cows. BCoV belongs to
the family Coronaviridae, an order of Nidovirales and
a subfamily of Orthocoronavirinae, which is divided
into 3 groups, which are formed depending on natu-
ral hosts, serological reactions (epitopes present in the
glycoprotein shell) and nucleotide sequence of positive
single-stranded RNA. BCoV belongs to 2" group [3].

BCoV was first isolated in a primary trypsinized cul-
ture of bovine kidney cells [9], and then propagated in
various cell lines, in particular; BEK-1 (bovine embryonic
kidney) [7], VERO (African green monkey kidney) [6],
MDBK (Madin-Darby bovibe kidney), PK-15 (pig kidney),
HRT-18 (human rectal tumor) [12] with trypsin in a nutri-
ent medium useful for enhancing replication.

Kapil et al. noted that the age of HRT-18 cells after
reseeding affected the accumulation of the BCoV in the
monolayer and the manifestation of the cytopathic effect
(CPE). It was found that the best time to infect cell cul-
ture HRT-18 by BCoV is 24 hours after the monolayer
of cells formation, because in such circumstances, cyto-
pathic changes caused by bovine coronavirus, accord-
ing to the authors, were most severe [8].

Conditions necessary for optimal accumulation of cell
culture-adapted strains of BCoV have been repeatedly
described by Dea et al. [4]. In their work, they showed
that a weakly acidic inoculum (pH 6.5 to 7.0), cultivation
in basic medium (pH 8.0 to 8.5) with trypsin (5 pg/cm?)
and treatment of cells with DEAE-dextran (25 pg/cm?)
are important factors influencing the increase in the ac-
cumulation of bovine coronavirus and the manifestation
of CPE in Vero cells.

Storz et al. [13] also emphasized the importance of
using trypsin for virus replication and manifestation of the
cytopathic action of cell culture-adapted BCoV strain L9.
Addition of trypsin (10 ug/cm?) accelerated the appear-
ance of CPE and plaques, promoted cell fusion, increased
the amount of hemagglutinin released by cells and in-
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creased the accumulation of virus in cultures of thyroid
cells and brain of embryonic calves using the Minimum
Essential Medium Eagle (MEM) antibiotics and 10% of
fetal serum of calf or lamb, inactivated by heating. In this
case, when the virus was pre-treated with trypsin or tryp-
sin was present only during the adsorption of the virus,
the increase in plaque formation was not observed.

Treatment of cells with trypsin may facilitate the attach-
ment of virions to otherwise inaccessible receptor sites.
Treatment of the virus with trypsin can change the config-
uration of protein molecules in the envelope of the virus,
making them more compatible with the receptor sites
of cells. It has been suggested that trypsin may neutralize
the active inhibitor of the virus, which is produced by cell
culture, and cause multiple replications of the virus [5].

Okulova et al. [10] highlighted the possibility of obtain-
ing a double ‘harvest’ of bovine coronavirus in cultures
of MDBK and Vero cells at 34°C.

Given the conflicting results of other researchers
regarding different strains of coronavirus, we decided
to determine the features of culturing of bovine coro-
navirus strain CV-315 and select the optimal methods
of culturing the virus in order to obtain viral material
with the highest possible titers of infectious activity to
develop technology for monoprophylaxis and specific
diagnostic means production.

Materials and Methods

Cell culture

MDBK cell culture (CC) obtained from the collection of
cell cultures of Biotestlab LLC was used for these studies.
Cell culture was adapted to Dulbecco’s Modified Eagle
Medium (DMEM — manufactured by Sigma-Aldrich®)
with the addition of 10% fetal bovine serum (FBS — man-
ufactured by Sigma-Aldrich®). Cell culture was incubated
in culture flasks with a ventilated lid (manufactured by
SARSTEDT AG & Co. KG®, Germany) at a tempera-
ture of 37£0.5°C and a CO, content of 5+0.1%.

Virus

Bovine coronavirus strain CV-315, obtained in Ukraine
from a calf with diarrhea caused by coronavirus [1, 2],
which was confirmed by Real-Time PCR (VetMAX® Ru-
minant Respiratory Screening Kit, Thermo Fisher Scien-
tific®, USA) was used in our work. While determining
antigenic affinity and dominance, strain CV-315 dominated
the standard KL-2 and other field isolates, so it was se-
lected for study and further development of vaccines.

Material with an infectious activity titer of 6.2 Ig
TCIDso/cm® and a hemagglutinating activity titer of
10,3 log,/cm?® was used for the studies.

Infection of cell culture

In accordance with this goal, we evaluated the impact
on the cultivation of bovine coronavirus of the following
parameters:
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— the presence and concentration of trypsin in the
nutrient medium;

— the presence and concentration of FBS in the nu-
trient medium;

— temperature of virus cultivation;

— the degree of cell culture monolayer formation
during virus infection;

— term of culturing the virus;

— the dose of virus to infect cell culture.

In order to adequately assess the effect of these
parameters, 3 consecutive passages of virus were per-
formed on MDBK cell culture in T25 culture flasks. Prior to
the infection, cell culture with 90—100% formed monolayer
(except for experiments where another degree of mono-
layer formation is indicated) was washed with Hanks’ solu-
tion (HBSS, pH 7.2 — Sigma-Aldrich®) from growth media
with fetal serum. The virus was introduced in a pre-calcu-
lated volume (infection dose (ID) was 0.1 VP/cell (1 virus
particle per 10 cells), except for experiments where an-
other ID is indicated) in the maintenance medium — Min-
imum Essential Medium Eagle (MEM — Sigma-Aldrich®).
Cultivation was performed at a temperature of 37+0.5°C
(except for experiments where another temperature is in-
dicated). Infected cell cultures were examined daily visual-
ly under a light microscope to detect CPE (cytopathic ef-
fect) of the virus and to record the time of its manifestation
by 80—-90% (except for experiments where the fixation
of another % of CPE manifestations is indicated).

The CPE of bovine coronavirus manifested itself as
vacuolation and accumulation of cells, which subsequent-
ly led to the formation of syncytia and exfoliation of most
cells from the surface of the culture vessel.

After the manifestation of CPE culture flasks with in-
fected cells were frozen at a temperature minus 20+2°C,
then thawed to collect virus-containing suspension and
sampling for research. Until the results of the studies, all
samples were stored at a temperature minus 20+2°C.

Determination of infectious activity of the virus
Infectious activity of the virus was determined by titra-
tion of the virus in the CC MDBK with the formed mono-
layer in a 96-well culture plate for 7 days (taking into ac-
count the results from the 3 day after titration). The virus
titer was calculated by the Reed and Mench method [11].

Results and Discussion

In this work, a study of the cultural properties of bovine
coronavirus, strain CV-315 and evaluation of the influ-
ence of a number of factors on the level of accumulation
of this virus in MDBK cell culture was performed.

The effect of trypsin on the titer of infectious activity
of bovine coronavirus strain CV-315

Trypsin was added in a pre-calculated amount to the
maintenance medium. During the study, the characteristic
CPE was observed in all experimental samples.
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The data presented in fig. 1 indicate that the addition of
trypsin at concentrations of 1, 5 and 10 pg/cm? in the main-
tenance medium does not increase the titer of infectious
activity of bovine coronavirus strain CV-315. The increase
in trypsin concentration, in contrast, directly proportionally
contributed to the reduction of the level of accumulation of
the obtained viral material during 3 consecutive passages.
Therefore, further cultivation of bovine coronavirus CV-315
was performed without the addition of trypsin solution.

The effect of FBS on the titer of infectious activity
of bovine coronavirus strain CV-315

FBS was added to the maintenance medium in a pre-
calculated amount of the total volume. During the study,
the characteristic CPE was observed in all experimental
samples. The results shown in fig. 2 indicate that the cul-
tivation of bovine coronavirus strain CV-315 in cell culture
MDBK with a maintenance medium and 2% of fetal bo-
vine serum content receive the highest titers of infectious
activity of the virus — 6,64—6,7 Ig TCIDs,/cm? for 3 con-
secutive passages. The difference in titers for virus culti-
vation without fetal bovine serum and with a content of 2
and 5% was 10.3 Ig TCIDsy/cm?® at the level of the 3 pas-
sage. That is why the feasibility of using fetal bovine se-
rum in the cultivation of bovine coronavirus strain CV-315
in the culture of MDBK cells requires further discussion.

The effect of cultivation temperature on the titer
of infectious activity of bovine coronavirus strain CV-315
After inoculation of the virus, cultivation of the virus
in the CC was performed at a temperature of 34+0.5°C
and at a temperature of 37+0.5°C. The data in table 1
indicates that the temperature of coronavirus cultivation
34+0.5°C does not lead to the manifestation of cytopathic
effect of the virus for 168 hours (observation period) while
at a temperature 37+0.5°C CPE of the virus was manifest-
ed after 7174 hours of culturing the virus in cell culture.
The infectious activity of the virus did not differ signifi-
cantly during three consecutive passages at a tempera-
ture of 37+0.5°C. Infectious activity of the virus cultured at
a temperature of 34+0.5°C was not detected, indicating
the absence of accumulation of the virus at this tempera-
ture. Therefore, further studies were performed only by
culturing the virus at a temperature of 37+£0.5°C.

Table 1. The effect of cultivation temperature
on the bovine coronavirus infectious activity titer

TP soge TednoCPE Cutien iy
’ no. ’ Ig TCIDsy/cm?
1 — 168 0
34+0,5 2 - 168 0
3 - 168 0
1 + 71 6.2+0
37+0,5 2 + 74 6.45+0.25
3 + 72 6.45+0.25
8

M 5 pg/lcm®

M control

M 1 pg/em? 10 pg/lcm?®
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Fig. 1. The effect of trypsin concentration on the accumulation
of bovine coronavirus strain CV-315
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Fig. 2. The effect of FBS concentration on the accumulation
of bovine coronavirus strain CV-315
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Fig. 3. The influence of the monolayer formation degree
on the accumulation of bovine coronavirus strain CV-315

Influence of the degree of cell culfure monolayer formation
during virus infection on the titer of infectious activity
of bovine coronavirus strain CV-315.

The results of the study are presented in fig. 3. The
diagram shows that infection of MDBK cell culture in the
early stages of cell monolayer formation (up to 30%)
does not allow the accumulation of virus for three con-
secutive passages — these experiments did not reveal
the cytopathic effect of the virus. Infection of cells of
the monolayer formed by 60—70% revealed cytopathic
activity of the virus in titers of 4.7—4.95 Ig TCIDs,/cm?.
The highest activity of the virus in CC were obtained
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when the virus was introduced into a 100% formed
monolayer of cells — the titer of infectious activity of the
virus was 6.2—6.64 Ig TCls,/cm?3, which confirms the data
of other researchers.

Subsequent studies used a method of infecting cell
culture into a completely formed monolayer of cells.

Influence of the cultivation term in cell culture on the titer
of infectious activity of bovine coronavirus strain CV-315

During the study, the characteristic CPE of the virus
was observed in all experimental samples. Presented in
fig. 4 results show that the cultivation of bovine coronavi-
rus strain CV-315 in the culture of MDBK cells at a dose
of 0.1 VP/cell for 72 hours had the highest titers of infec-
tious activity — 6.361+0.41 Ig TCIDs,/cm?® for 3 passages.
During 48 hours of cultivation, the titers of infectious
activity were only 5.11+0.1 Ig TCIDs,/cm?, and for
96 hours — 5.5+0.2 Ig TCIDg,/cm?.

The obtained results prove that the optimal time for
culturing bovine coronavirus strain CV-315 in the cul-
ture of MDBK cells at a dose of 0.1 VP/cell is 72 hours
of cultivation.

The effect of the infectious dose on the titer of infectious
activity of bovine coronavirus strain CV-315

During the study, the characteristic CPE was ob-
served in all experimental samples (fig. 5). The diagram

48h W 72h M 96h

o

Infectious activity titer, Ig TCID,/cm?
I S ~

1 passage
2 passage
3 passage

Fig. 4. The effect of the cultivation term on the accumulation
of bovine coronavirus strain CV-315
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Fig. 5. The effect of the infective dose on the accumulation
of bovine coronavirus strain CV-315
Note. *VP/cell — viral particles per cell
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shows that the cultivation of bovine coronavirus strain
CV-315 with a dose of 0.01 VP/cell had titers of infectious
activity of 6.1£0.1 Ig TCIDsy/cm?, with a dose of infection
of 0.1 VP/cell — 6,38+0.2 Ig TCIDs,/cm?3, and with a dose
of 1.0 VP/cell — 5.42+0.3 Ig TCID5,/cm3. The infectious
activity of the virus increased during 3 consecutive pas-
sages. Bovine coronavirus had the highest activity when
cultured with an infection dose of 0.1 VP/cell.

Therefore, further studies and production of bovine
coronavirus strain CV-315 were performed with a dose
of 0.1 VP/cell.

As a result of the research, the optimal temperature
for culturing bovine coronavirus strain CV-315, the re-
quired degree of formation of a monolayer of cell culture
during inoculation of the virus and also the time of CPE
manifestation in compliance with certain parameters
were determined.

Research results were summarized and optimal con-
ditions for bovine coronavirus strain CV-315 culturing
were determined. These data are presented in table 2.

Most researchers have studied the effects of proteo-
lytic enzymes, including trypsin, on the accumulation of
bovine coronavirus. According to studies by [4], trypsin
concentration of 5 uyg/cm? in the nutrient medium in-
creased the accumulation of bovine coronavirus in Vero
cell culture, and in the studies of [13], trypsin concen-
tration of 10 pyg/cm? in the nutrient medium increased
plaque formation of bovine coronavirus strain L9. How-
ever, our results indicate that the addition of trypsin to
the nutrient medium, on the contrary, does not increase
the titer of infectious activity of bovine coronavirus strain
CV-315 in MDBK cell culture.

Kapil et al. also investigated the effect of the degree of
monolayer formation on the level of accumulation of bo-
vine coronavirus. According to their results, 24 hours after
the formation of a monolayer of HRT-18 cell culture is the
optimal time for infection of bovine coronavirus, which
coincides with the results obtained in this study [8].

Table 2. The results of evaluation of the culture conditions influence
on the degree of bovine coronavirus accumulation in MDBK cell culture

The result obtained
after 3 passages
on the cell culture,
Ig TCDsy/1.0 cm?

Parameter

Trypsin influence Without trypsin 6.45+0.25
Fetal bovine serum 29 6.7+0.46
influence

Infective dose 0.1 VP/cell* 6.5+0.32
Cultivation tempera- q

ture influence 37+0,5 °C 6.45+0.25
Degre(_a of monolayer 100 % 6.5+0.3
formation

The cultivation term

and the degree 72h 6.45:0.38

of the virus CPE
manifestation

Note. *VP/cell — viral particles per cell.
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MerToto gocnigkeHHs 6yno BUBYMTU OCOBNMBOCTI KynbTMBYBaHHS kopoHaBsipycy BPX wramy CV-315, BugineHoro Ha TepuTopii
YkpaiHu Big XBOpPOro Ha KOpPOHaBipyCHY iH(EKLto TenATu, Ta nigibpaT onTumarnbHi cnocobu KyrnbTUBYBaHHSA BipyCy 3 METOK OTpU-
MaHHSs1 BipyCHOro martepiany 3 BACOKMMW TUTPaMU iHPEKLIHOT akTUBHOCTI | ANsi po3pobreHHst TexHonorii BUPoBHULITBa 3acobiB iMyHO-
npodpinakTuku Ta cneumdiyHoi giarHocTuku. IMig yac npoBedeHHs AocnigKeHb Gyrno BUBYEHO BNMB HA HAKOMWYEHHS BipyCy HU3KK
aKTOpiB: HAABHICTb Ta KOHLIEHTPALis TPUNCUHY B NOXUBHOMY CepenoBuLLi, heTanbHOI buyayoi cupoBaTku, CTyneHss GopMyBaHHS
MOHOLLIApPy KynbTypu KIITVH 32 NMPOBEAEHHS 3apaXeHHs BipyCOM, a TakoX BMNMB 03U Bipycy, TeMnepaTypy Ta TepMiHy KymnbTUBYBaHHS.
BignosigHo Ao oTpvmaHux pesynbsratie, 6yrno BCTAHOBMEHO, O HaWbINbL BUCOKY iHADEKLINHY akTMBHICTb WiTam CV-315 mae 3a kynb-
TUBYBaHHS BNPOAOBX 72 rof,. A0 NposiBy uuTonatuyHoro edekty Ha 70-80% 6e3 aoaaBaHHs TPUNCUHY Ta BMICTOM dheTanbHoi brdayoi
cuposatkn 2% 3a Temnepatypu 37+0,5°C. Takox BCTAHOBMEHO, LLIO ONTUMarnbHO 403010 3apaeHHs € 0,1-0,01 BipyCHNX 4acTUHOK
Ha KNiTUHY Ans iHdiKyBaHHSA NOBHICTIO cpopMoBaHOro MoHoLwapy Kynstypu knituH MDBK. OtpumaHi peayneraTti 6yae BUKOpPUCTaHO
Ans po3pobrieHHs BETepMHapHUX BaKUMH NpoTu KopoHasipycy BPX.

KnrouoBi cnoBa: kopoHasipyc BPX, KynsTuByBaHHS BipyCiB, KynbTypa KNniTWH, iHeKUiiHa aKkTUBHICTb BipyCiB, PEXUMU KyNbTW-
BYBaHHS

Berezenko A, Vabishchevych F, Godovskyi O, Nedosekov V. Investigation of bovine coronavirus strain CV-315 cultural properties.
Biol. Tvarin. 2022; 24 (1): 6—10. DOI: 10.15407/animbiol24.01.006.



