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Abstract. This article reflects the results of research on optimizing the 
conditions of cultivation of strain "ТК-А(VIEV)-В2" of infectious bovine 
rhinotracheitis (IBR) and strain "ВК-1"of bovine viral diarrhea (BVDV). It 
was found that the roller cultivation method is most easily applicable and 
provides the production of viral material with high infectious activity. A 
comparative analysis of the results of studying the sensitivity of continuous 
cell cultures to the pathogens of IBR and BVDV of cattle of the latter made 
it possible to select the MDBK cell line to obtain the maximum titer of 
viruses. The optimal dose for infecting cell culture with both pathogens was 
the content of viral particles from 0.2 to 0.5 TCD50/cm3 per cell. The 
maximum reproduction of viruses was observed using a culture 
concentration of cells from 110 to 120 thousand cells/cm3 and the duration 
of their cultivation for 2-3 days. The results obtained can be applied for the 
further development and creation of preventive and diagnostic tools for IBR 
and BVDV of cattle.  Keywords: infectious bovine rhinotracheitis, bovine 
viral diarrhea, varal strains, optimization of conditions, cultivation, cell 
cultures, livestock farming 

1 Introduction 
In recent years, infectious diseases of viral origin have caused significant economic damage 
to industrial livestock [1. 2]. Among the many viral agents that circulate in cattle, the 
causative agents of infectious bovine rhinotracheitis (IBR) and bovine viral diarrhea (diseases 
of the mucous membranes) (BVDV) are important [3. 4]. This is due to the ability of these 
pathogens to show resistance to changing environmental conditions, to be highly infectious, 
to cause a decrease in the productivity of cows and bulls and the death of young cattle [5-7]. 
The economic damage from diseases caused by strains of these pathogens is estimated in 
billions of rubles. 

According to the scientific data accumulated to date, these diseases mainly occur in the 
form of mixed infections with various forms of clinical manifestation [8. 9]. If the IBR virus 
mainly affects the respiratory organs, then the causative agent of BVDV causes diseases of 
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the gastrointestinal tract, and in association with the IBR virus, an infectious disease of the 
respiratory tract of cattle [2. 7. 10]. Despite the undoubted successes achieved in recent years 
in the prevention, treatment and diagnosis of viral diseases of IBR and BVDV, the epizootic 
situation in the world remains extremely unfavorable and is progressively deteriorating [9. 
11]. 

The quality of new and already used highly effective preventive and diagnostic tools for 
various viral diseases largely depends on the quality of the viral material. In this case, the use 
of highly productive cellular systems and effective methods of virus cultivation plays a key 
role [12. 13]. Different approaches to cell line cultivation make it possible not only to increase 
the cell content per unit volume of liquid nutrient medium, but also the yield of viral biomass. 

The development of diagnostic and therapeutic and preventive measures using test 
systems, vaccines, antiviral drugs for various infectious is impossible without selecting 
optimal systems for virus reproduction and optimizing the parameters of their accumulation 
in sensitive cellular systems [14. 15]. The reproduction of viruses in cell culture is 
significantly determined by the choice of their cultivation approach [16. 17].  

The success of the development of various test systems and means of specific prevention 
is largely determined by the successful and correct choice of the cultivation system [13. 18]. 
Therefore, it is initially necessary to determine the degree of permissivity of cell cultures and 
their sensitivity. 

One of the promising methods for culturing animal cells is the roller, however, it requires 
optimization of conditions for specific cell lines in order to maximize their growth potential. 
The use of this approach has the potential to improve the adaptation of the pathogen to cell 
cultures and obtain a significant amount of viral material with the necessary biological 
activity. In this case, the concentration of the components (composition) of the nutrient 
medium affects the viability of cells and the reproduction of the virus in them [20. 22]. When 
optimizing growing conditions, it is necessary to establish the relationship between the 
accumulation of the virus and the seeding concentration of cells, the dose of infection and 
the duration of the cultivation process. 

The aim of this work was to optimize the conditions of cultivation of strain "ТК-
А(VIEV)-В2" of IBR and strain "ВК-1"of BVDV on continuous cell cultures. 

2 Materials and methods 
The objects of research were vaccine strain "ТК-А(VIEV)-В2" of IBR and strain "ВК-1"of 
BVDV, obtained from the state collection of microorganisms of Federal Center for 
Toxicological, Radiation, and Biological Safety (FCTRB-VNIVI, Russia). 

Cell lines of newborn Syrian hamster kidney (BHK-21/13), the epithelium of the lung 
embryo of cattle (LEK), the trachea of the embryo of cow (TR) and Madin-Darby bovine 
kidney (MDBK) were obtained from the collection of cell cultures of the Department of 
Virological and Ultrastructural Research of FSBI "FCTRB-VNIVI". 

GLA medium, synthetic medium 199, Eagla MEM medium with the addition of 1 % L-
glutamine and 10 % bovine serum were used as nutrient media for the growth of cell cultures. 
The above-mentioned serum-free media were used to maintain cell cultures after infection. 
The monolayer of the continuous cell cultures was washed with Hanks solution before 
infection. 

The contamination of cell cultures with mycoplasmas was monitored by polymerase 
chain reaction (PCR) [23].  

Sterility was controlled by sowing on liquid and solid nutrient media Saburo (BioMedia, 
Russia), GRM (FBSI SSC PMB, Russia) as well as by light microscopy for the absence of 
fungal-bacterial contamination of cells. 

Culture bottles with a volume of 1500 ml (stationary cultivation) and bottles with a 
volume of 2500 ml (quarter type) (roller cultivation on an industrial installation) were used 
for cell cultivation in order to obtain the maximum amount of viral material in a comparative 
aspect.  

The sensitivity of continuous cell culture lines to viral strains was determined by the time 
of manifestation of the cytopathic effect (CPE) and the infectious activity of viruses during 
serial passages of cultures [24]. The cell culture was grown using an incubator containing 5% 
CO2 at a temperature of 37 °C. After the formation of a cell monolayer, cell cultures were 
infected with virus strains at a dose of 6.75±0.02 lg TCD50/cm3. Incubation (37 °C, 5% CO2) 
was carried out until cytopathic changes appeared. The control was a virus-free cell culture 
incubated under the same conditions. Signs of CPE were determined visually daily on an 
inverted microscope, and changes in the cellular monolayer were evaluated according to the 
following parameters: the shape of the cells, the state of the monolayer, the nature of the 
manifestation of CPE. The degree of CPE was calculated on a conditional four–point scale 
and expressed as a percentage of CPE: "-" (0 % CPE), "+" (< 25 % CPE), "++" (from 25 to 
50 % CPE), "+++" (from 50 to 75 % CPE), "++++" (from 75 to 100 % CPE).  

Assessment of the sensitivity of cultures to infectious rhinotracheitis pathogens "TK-
A(VIEV)-B2" and viral diarrhea "VK-1" of cattle was carried out under generally accepted 
conditions with preliminary contact (infection) of virus strains with transferable cell lines 
BHK-21/13, LEK, TR and MDBK. The multiplicity of infection of cell cultures was 0.1 lg 
TCD50/cm3. Infected cell culture lines were monitored twice a day throughout the experiment. 
Reproduction of IBR and BVDV pathogens on cell cultures was determined by cytopathic 
alteration of the monolayer. 

The infectious activity of viruses was determined by micromethod on 96-well polystyrene 
culture plates with a grown monolayer of each cell culture line [25]. For this purpose, 
sequential tenfold dilutions of viruses in a nutrient medium were pre-prepared. After that, 
each dilution was introduced into 4 wells of a culutral tablet and incubated in a humid 
atmosphere with a CO2 concentration of 5 % at 37 ° C for 48-96 h, depending on the virus. 
The virus titer was calculated according to the generally accepted Reed and Mench method 
[26] and expressed in lg TCD50/cm3 [27]. 

In experiments to develop the optimal method of cultivating the above-mentioned virus 
strains, the following parameters were assessed: seed cell content, composition and pH of the 
nutrient medium, time of monolayer formation, dose of infection, timing of maximum 
manifestation of CPE, temperature and duration of cultivation. The studied strains were 
propagated in cultures of continuous cells using stationary and roller methods. During roller 
cultivation, the filling factor of bottles and their rotation speed were also taken into account 
[28]. The viruses were cultured at a bottle filling ratio of 0.17 to 0.19 units, and a bottle 
rotation speed of 10 to 11 rpm. 

The concentration and viability of cells were determined by the method staining with 
trypan blue [29]. To do this, the cell suspension and 0.5% dye solution were mixed in a 1:1 
(volume/volume) ratio. Live and dead cells were counted using a Goryaev chamber and an 
optical microscope. The obtained data were calculated using the formula: 

V = (a-b) × 100 % / a, 
where a - total number of cells; b - number of dead cells. 
The obtained results of three independent experiments were analyzed in the spreadsheet 

software package Microsoft Office Excel 2013 (Windows, USA), Statistica 12.0 (StatSoft 
Inc., USA), having previously evaluated the samples for the normality of distribution using 
the Shapiro-Wilk criterion, and were presented as arithmetic averages and the standard error 
of the mean (M ± m). The reliability of the differences between the groups was assessed by 
the Student's t-test for independent samples. The differences were considered statistically 
significant at a significance level of p < 0.05. 
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3 Results 
As a result of experiments to assess the sensitivity of cell lines, it was found that all lines 
taken in the experiment are sensitive to different degrees to strains of IBR and BVDV. The 
MDBK cell line proved to be the most sensitive among the continuous cell cultures for both 
strains. This cell culture did not require long-term adaptation of virus strains. The infectious 
titer in the MDBK culture was 6.83±0.04 and 6.80±0.01 lg TCD50/cm3, respectively, for the 
IBR and BVDV virus strains (Figure 1). 

 

  
Fig. 1. Sensitivity of continuous cell culture lines to IBR (left) and BVDV (right) strains. 

The remaining cell culture lines showed less pronounced sensitivity. However, the IBR 
strain actively accumulated in the TR cell line (in passages 1, 2, and 3, the virus titer was 
6.72±0.01, 6.90±0.02 and 6.70±0.01 lg TCD50/cm3, respectively) (Figure 1, left), while the 
BVDV strain - LEK cell line (in passages 1, 2 and 3, the virus titer was 6.59±0.04, 6.60±0.04 
and 6.42±0.02 lg TCD50/cm3) (Figure 1, right). 

During the passaging process, changes in the structure of the monolayer and cell 
morphology were noted depending on the culture and strain of the virus: from the formation 
of strands and inclusions to lysis and destruction of the monolayer. IBR and BVDV strains 
caused cytopathic changes characteristic of these viruses in the monolayer of the studied cell 
cultures as early as 48 h after infection (Figure 2 and 3). 

 

  
Fig. 2. Morphology of МDВК cells before (left) and 48 h after infection with the strain "ТК-А(VIEV)-
В2" of IBR (right). 

   

Fig. 3. Morphology of BHK 21/13 cells culture before (left) and 72 h after infection with the strain 
"ВК-1"of BVDV (right) 

A comparative assessment of the process of accumulation of biomass of IBR and BVDV 
strains using various approaches to growing cell cultures showed that the highest titer of 
infectious activity of the studied viruses was achieved with the roller cultivation method 
(Table 1 and 2).  

Table 1. Parameters affecting the accumulation of the IBR virus in various methods of culture. 

Cultivation 
method 

Inoculation 
concentration 

of cells, 
thousand/cm3 

Monolayer 
formation 

time, d 

The dose of 
the virus for 

infection, 
TCD50/cm3 

per cell 

Time of 
virus 

cultivation, 
h 

Infectious 
activity, lg 
TCD50/cm3  

Strain "ТК-А(VIEV)-В2" cultivated on ТR cells 
Stationary 115 2-3 0.25 48-60 6.52±0.02 

Roller 115 2-3 0.40 24-48 7.48±0.04 
Strain "ТК-А(VIEV)-В2" cultivated on МDВК cells 

Stationary 115 2-3 0.25 48-60 6.81±0.03 
Roller 115 2-3 0.40 24-48 8.10±0.01 

 
The roller method of cell line cultivation allowed us to obtain highly active antigens. The 

titer of infectious activity in this cultivation method for strain "ТК-А(VIEV)-В2" of IBR on 
TR cell culture was 7.48±0.04 lg TCD50/cm3, and on MDBK cell culture – 8.10±0.01 lg 
TCD50/cm3 (table 1). The infectious activity of strain "ВК-1" of BVDV in the roller method 
of cultivation of the BHK 21/13 cell line was 6.73±0.04 lg TCD50/cm3, and MDBK cell 
cultures – 6.92±0.02 lg TCD50/cm3 (Table 2). 

Table 2. Parameters affecting the accumulation of the BVDV virus in various methods of culture. 

Cultivation 
method 

Inoculation 
concentration 

of cells 
thousand/cm3 

Monolayer 
formation 

time, d 

The dose of 
the virus for 

infection, 
TCD50/cm3 

per cell 

Time of 
virus 

cultivation, 
h 

Infectious 
activity, lg 
TCD50/cm3  

Strain "ВК-1" cultivated on ВНК-21/13 cells 

Stationary 115 2-3 0.25 48-60 6.30±0.02 

Roller 115 2-3 0.40 24-48 6.73±0.04 
Strain "ВК-1" cultivated on МDВК cells 

Stationary 115 2-3 0.25 48-60 6.49±0.03 

4

BIO Web of Conferences 116, 06012 (2024)	 https://doi.org/10.1051/bioconf/202411606012
EBWFF 2024

RETRACTED



3 Results 
As a result of experiments to assess the sensitivity of cell lines, it was found that all lines 
taken in the experiment are sensitive to different degrees to strains of IBR and BVDV. The 
MDBK cell line proved to be the most sensitive among the continuous cell cultures for both 
strains. This cell culture did not require long-term adaptation of virus strains. The infectious 
titer in the MDBK culture was 6.83±0.04 and 6.80±0.01 lg TCD50/cm3, respectively, for the 
IBR and BVDV virus strains (Figure 1). 

 

  
Fig. 1. Sensitivity of continuous cell culture lines to IBR (left) and BVDV (right) strains. 

The remaining cell culture lines showed less pronounced sensitivity. However, the IBR 
strain actively accumulated in the TR cell line (in passages 1, 2, and 3, the virus titer was 
6.72±0.01, 6.90±0.02 and 6.70±0.01 lg TCD50/cm3, respectively) (Figure 1, left), while the 
BVDV strain - LEK cell line (in passages 1, 2 and 3, the virus titer was 6.59±0.04, 6.60±0.04 
and 6.42±0.02 lg TCD50/cm3) (Figure 1, right). 

During the passaging process, changes in the structure of the monolayer and cell 
morphology were noted depending on the culture and strain of the virus: from the formation 
of strands and inclusions to lysis and destruction of the monolayer. IBR and BVDV strains 
caused cytopathic changes characteristic of these viruses in the monolayer of the studied cell 
cultures as early as 48 h after infection (Figure 2 and 3). 

 

  
Fig. 2. Morphology of МDВК cells before (left) and 48 h after infection with the strain "ТК-А(VIEV)-
В2" of IBR (right). 

   

Fig. 3. Morphology of BHK 21/13 cells culture before (left) and 72 h after infection with the strain 
"ВК-1"of BVDV (right) 

A comparative assessment of the process of accumulation of biomass of IBR and BVDV 
strains using various approaches to growing cell cultures showed that the highest titer of 
infectious activity of the studied viruses was achieved with the roller cultivation method 
(Table 1 and 2).  

Table 1. Parameters affecting the accumulation of the IBR virus in various methods of culture. 

Cultivation 
method 

Inoculation 
concentration 

of cells, 
thousand/cm3 

Monolayer 
formation 

time, d 

The dose of 
the virus for 

infection, 
TCD50/cm3 

per cell 

Time of 
virus 

cultivation, 
h 

Infectious 
activity, lg 
TCD50/cm3  

Strain "ТК-А(VIEV)-В2" cultivated on ТR cells 
Stationary 115 2-3 0.25 48-60 6.52±0.02 

Roller 115 2-3 0.40 24-48 7.48±0.04 
Strain "ТК-А(VIEV)-В2" cultivated on МDВК cells 

Stationary 115 2-3 0.25 48-60 6.81±0.03 
Roller 115 2-3 0.40 24-48 8.10±0.01 

 
The roller method of cell line cultivation allowed us to obtain highly active antigens. The 

titer of infectious activity in this cultivation method for strain "ТК-А(VIEV)-В2" of IBR on 
TR cell culture was 7.48±0.04 lg TCD50/cm3, and on MDBK cell culture – 8.10±0.01 lg 
TCD50/cm3 (table 1). The infectious activity of strain "ВК-1" of BVDV in the roller method 
of cultivation of the BHK 21/13 cell line was 6.73±0.04 lg TCD50/cm3, and MDBK cell 
cultures – 6.92±0.02 lg TCD50/cm3 (Table 2). 

Table 2. Parameters affecting the accumulation of the BVDV virus in various methods of culture. 

Cultivation 
method 

Inoculation 
concentration 

of cells 
thousand/cm3 

Monolayer 
formation 

time, d 

The dose of 
the virus for 

infection, 
TCD50/cm3 

per cell 

Time of 
virus 

cultivation, 
h 

Infectious 
activity, lg 
TCD50/cm3  

Strain "ВК-1" cultivated on ВНК-21/13 cells 

Stationary 115 2-3 0.25 48-60 6.30±0.02 

Roller 115 2-3 0.40 24-48 6.73±0.04 
Strain "ВК-1" cultivated on МDВК cells 

Stationary 115 2-3 0.25 48-60 6.49±0.03 

5

BIO Web of Conferences 116, 06012 (2024)	 https://doi.org/10.1051/bioconf/202411606012
EBWFF 2024

RETRACTED



Roller 115 2-3 0.40 24-48 6.92±0.02 
 

The maximum reproduction of viruses was observed at a seed cell concentration from 
110 to 120 thousand cells/cm3, at an infection dose from 0.3 to 0.5 TCD50/cm3 per cell and 
the duration of virus cultivation for 2-3 days. 

4 Discussion 
Viral diarrhea (mucosal disease) and infectious rhinotracheitis of cattle are common 
throughout the world, including in Russia [2. 3]. They cause significant economic damage to 
dairy and beef cattle breeding (primarily intensive). Infection of livestock with IBR and 
BVDV viruses in different regions of Russia reaches 65-100% [30. 31]. To solve the problem 
of the spread of these diseases, researchers are paying considerable attention to the 
development of various test systems and means of specific prevention, the success of which 
is largely due to the choice of cultivation system [2. 31]. In this regard, it is initially necessary 
to establish the degree of permissiveness of cell cultures and their sensitivity. In this work, 
in order to select cell systems, the sensitivity of cell cultures to infection by strains of 
pathogens of IBR and BVDV was studied. When selecting effective cellular systems, we 
were based on the species belonging of cultures, the tropism of the pathogen to cells, as well 
as on data from literary sources on the use of cell lines for these purposes and tasks. 
According to the literature, continuous cell cultures are promising for the cultivation and 
accumulation of IRT and VD-BS viruses [32-34]. The study used BHK-21, LEK, FBT and 
MDBK cell lines, which are often used in the production of diagnostic tools and various 
vaccine preparations [35-37]. These cultures are potentially capable of ensuring high 
efficiency of cell infection with viruses, accumulation and production of large quantities of 
homogeneous virus-containing material. However, information regarding a comparative 
analysis of the sensitivity of the 4 indicated types of continuous cell cultures to strains of 
BVDV and bovine IRT viruses is limited.  

Our studies revealed the ability to reproduce pathogens of IRT and VD-BS in all tested 
cell lines, as well as significant differences in the sensitivity of these cultures to viral strains 
(Figure 1). The reviewed literature indicates that continuous cell lines BHK-21 and MDBK 
are suitable for cultivating IRT and VD-BS viral strains [35. 36. 38. 39]. The MDBK cell line 
had the highest sensitivity among continuous cell cultures for both strains (Figure 1). This 
cell culture did not require long-term adaptation of virus strains. After the first two passages 
of the MDBK cell culture, the infectious activity of the pathogens of IBR and BVDV of cattle 
averaged 7.0 lg TCD50/cm3. However, further passivation led to an unreliable decrease in the 
sensitivity of the MDBK cell culture line to pathogens. The observed differences in changes 
in the sensitivity of cells to viruses during transmission are most likely related to changes in 
reproduction (replication) of a particular pathogen. This assumption is confirmed by the 
obtained data for determining the titers of the virus, which is the most important parameter 
that characterizes the sensitivity of cells to the virus, that is, the ability of the pathogen to 
effectively replicate (multiply) in cells and further produce infectious viral particles. 

All currently known strains of the VD virus according to their cytopathogenic activity are 
divided into cytopathogenic (Oregon C-24, NADL, TM-1, TH-2, 61/1487 ST, C-60F, etc.) 
and non-cytopathogenic (New York, Indiana, C61220, SAN, etc.) [40]. The VD-BS pathogen 
used in our study caused cytopathic changes characteristic of this virus in the monolayer of 
tested cell cultures (Figure 3), reaching maximum activity on 3-4 days after infection, which 
most likely indicates that it belongs to cytopathogenic strains, the nature whose CPE is 
similar to the Oregon C-24 strain. 

To provide pathogens with the best conditions for reproduction, cell lines with the highest 
sensitivity to virus strains were selected, optimal methods for their cultivation were selected, 

as well as individual parameters affecting the accumulation of viruses in cell cultures. We 
found that the maximum titer of infectious activity of the studied virus strains was achieved 
by the method of roller cultivation (Tables 1 and 2). Our results are consistent with the data 
of some authors, who also showed the advantage of the roller method of growing cell cultures 
in order to obtain the maximum yield of viral biomass [41, 42].  

5 Conclusions 
A comparative analysis of the results of studying the sensitivity of continuous cell cultures 
to the pathogens of infectious rhinotracheitis "TK-A(VIEV)-B2" and viral diarrhea "BK-1" 
of cattle, the process of accumulation of biomass of the latter made it possible to select the 
MDBC cell line and the roller method of its cultivation to obtain the maximum titer of viruses. 
The optimal dose for infecting cell culture with both pathogens was the content of viral 
particles from 0.2 to 0.5 TCD50/cm3 per cell. At the same time, the maximum reproduction 
of viruses was observed using a culture concentration of cells from 110 to 120 thousand 
cells/cm3 and the duration of their cultivation for 2-3 days. The results obtained can be 
applied for the further development and creation of preventive and diagnostic tools for 
infectious bovine rhinotracheitis and viral diarrhea-mucousal disease of the cattle 
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effectively replicate (multiply) in cells and further produce infectious viral particles. 
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used in our study caused cytopathic changes characteristic of this virus in the monolayer of 
tested cell cultures (Figure 3), reaching maximum activity on 3-4 days after infection, which 
most likely indicates that it belongs to cytopathogenic strains, the nature whose CPE is 
similar to the Oregon C-24 strain. 
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as well as individual parameters affecting the accumulation of viruses in cell cultures. We 
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in order to obtain the maximum yield of viral biomass [41, 42].  
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