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SUMMARY
The results of the studies of cytomorphological, karyological, cultural properties of continuous suspension ВНК-21/SUSP/ARRIAH subline of newborn Syrian hamster 
kidney cells intended for foot-and-mouth disease, rabies, bovine parainfluenza-3, Aujeszky’s disease virus reproduction, as well as for production of diagnostic 
veterinary biologicals are presented. When cultured in suspension, BHK-21/SUSP/ARRIAH cell subline undergoes selection towards hypoploidy: modal class is 
represented by cells with 41 chromosomes (32–40% of cells); the share of cells containing 40–42 chromosomes is 78–80%; the share of polyploids averages 
around 1%; the range of variation in the number of chromosomes is from 36 to 54. BHK-21/SUSP/ARRIAH cell subline cultured in suspension with cell seeding 
concentration of 0.6–0.8 million cells/cm3 demonstrates growth rate of 6.67–11.00 and 96–99% cell viability. After 48 hours, G1-phase (diploid-2n) cells prevail 
in the cell population of the new subline (30.0–75.0% of cells); cells that undergo preparation for mitosis (S-phase) and mitosis (G2+M-phase) account for 3.0 
to 20.0% of the entire population; the number of meganucleated and multinucleated cells (> 4n) at the beginning and at the end of the logarithmic phase increases 
to 2%.  BHK-21 / SUSP/ARRIAH cells recover rapidly after cryopreservation and demonstrate 95–99% viability and growth rate of 3.36–5.88 at passages 1 to 3 
and  6.85–10.95 at passages 4 to 12. Continuous suspension BHK-21/SUSP/ARRIAH cell line ensures virus accumulation at the following titres: FMD virus – 7.30–
8.00 lg TCID50/cm3, rabies virus – 7.25–8.00 lg CCID50/cm3, bovine parainflunza-3 virus – at least 6.00 lg TCID50/cm3, Aujeszky’s disease virus – 7.50–7.80 lg TCID50/cm3.
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РЕЗЮМЕ
Представлены результаты изучения цитоморфологических, кариологических, культуральных характеристик перевиваемой суспензионной клеточной суб-
линии из почки новорожденного сирийского хомячка ВНК-21/SUSP/ARRIAH, предназначенной для репродукции вирусов ящура, бешенства, парагриппа-3 
крупного рогатого скота, болезни Ауески, а также для изготовления диагностических ветеринарных биопрепаратов. Сублиния клеток BHK-21/SUSP/ARRIAH 
при суспензионном культивировании проходит селекцию в направлении гипоплоидии: модальный класс соответствует 41 хромосоме (32–40% клеток); 
доля клеток с количеством хромосом 40–42 составляет 78–80%; доля полиплоидов – в среднем около 1%; пределы изменчивости хромосомного набора 
соответствуют диапазону от 36 до 54 хромосом. Клеточная сублиния BHK-21/SUSP/ARRIAH при суспензионном культивировании с посевной концентра-
цией 0,6–0,8 млн кл./см3 имеет кратность прироста 6,67–11,00 при жизнеспособности клеток 96–99%. В клеточном цикле популяции новой сублинии 
через 48 ч преобладает G1-фаза (диплоидная-2n), на которую приходится 30,0–75,0% клеток; в фазах подготовки к митозу (S-фаза) и митотического 
деления (G2+M-фаза) находится от 3,0 до 20,0% всей популяции; количество крупноядерных и многоядерных клеток (> 4n) в начале и конце стадии 
логарифмического роста увеличивается до 2%. Клетки сублинии BHK-21/SUSP/ARRIAH быстро восстанавливаются после криоконсервирования с жиз-
неспособностью 95–99% и кратностью прироста 3,36–5,88 на первом – третьем пассажах и 6,85–10,95 – с четвертого по двенадцатый пассаж. Пере-
виваемая суспензионная линия клеток BHK-21/SUSP/ARRIAH обеспечивает накопление вируса ящура в титрах 7,30–8,00 lg ТЦД50/см3, вируса бешенства – 
7,25–8,00 lg  ККИД 50  / см3, вируса парагриппа-3 крупного рогатого скота в титрах не менее 6,00 lg ТЦД50/см3, вируса болезни Ауески – 7,50–7,80 lg ТЦД50/см3. 
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INTRODUCTION
Continuous suspension ВНК-21 clone 13 line derived 

from newborn Syrian hamster kidney cells by M. Stoker 
and J. Macpherson in England in 1961 is one of the cell 
cultures most commonly used worldwide [1]. The results 
of the study were published by the authors in scientific 
journals, such as Virology (1962) and Journal of the National 
Cancer Institute (1963). Later, the following analogues of 
this cell culture were developed:

– ВНК-21/13 – a subline of continuous newborn Syrian 
hamster kidney cells developed at the Institute of Polio-
myelitis and Viral Encephalitis of the Academy of Medical 
Sciences of the USSR (Moscow) [2];

– ВНК-21/2-17b – a continuous monolayer-suspension 
clone of newborn Syrian hamster kidney cells developed 
at the All-Union Foot-and-Mouth Disease Research Insti-
tute (Vladimir) [2, 3];

– ВНК-21/13-02 – a continuous monolayer-suspension 
subline of newborn Syrian hamster kidney cells developed 
at the Federal State Enterprise “Shchelkovo Biocombinat” 
for FMD and rabies virus reproduction [4];

– ВНК-21/13-13 – a continuous monolayer-suspension 
subline of newborn Syrian hamster kidney cells developed 
at the Federal State Enterprise “Shchelkovo Biocombinat” 
for reproduction of type А, О, С, Asia-1, SAT-1, SAT-2, SAT-3 
FMDV and “Shchelkovo-51” strain of rabies virus used for 
production of virus vaccines against foot-and-mouth dis-
ease and rabies [5, 6].

Continuous cell lines used in biotechnology differ in 
res pect of morphology, karyology, growth properties, cul-
tivation requirements, maintenance methods and suscep-
tibility to viruses [7, 8]. The available ВНК-21 cell sublines 
are cha racterized by high growth rates and allow for FMD 
and rabies virus reproduction. Full-scale production of cul-
ture vaccines against FMD, rabies, bovine parainfluenza-3 
and Aujeszky’s disease requires the use of a suspension 
 ВНК-21 cell subline to ensure the accumulation of the vi-
ruses with high infectivity titres. ВНК-21/13,  ВНК-21 / 2-17b, 
ВНК-21/ 13-02 and ВНК-21/13-13 cell lines allow for prepa-
ration of viruses with the following infectivity titres: FMD vi-
rus – not more than 7.00 lg TCID50/cm3, rabies virus – 7.00 
lg  CCID50/ cm3 [4, 5, 9, 10]. Data on the results of  bovine 
parainfluenza-3 and Aujeszky’s disease virus cultivation are 
not provided in the patents for the said ВНК-21 cell sublines.

To respond to the production needs related to the repro-
duction of FMD, rabies, bovine parainfluenza-3 and Aujesz-
ky’s disease viruses with high infectivity titres, ВНК-21/2-17b 
cell subline was developed at the All-Union Foot-and-Mouth 
Disease Research Institute by means of ВНК-21 clone 13 cell 
culture selection, from which a new ВНК-21/SUSP/ARRIAH 
subline was derived 30 years later by means of permanent 
cultivation in suspension. ВНК-21/SUSP/ARRIAH cell subline 
was deposited in the Specialized Cell Culture Collection of 
the Center for Collective Use “Collection of Vertebrate Cell 
Сultures” of the Institute of Cytology of the Russian Acade-
my of Sciences with No. RKKK(P) 797 D [11].
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Fig. 2. Cell morphology of ВНК-21/2-17b subline 
(passage 2; magnification 80×)

The study is aimed at examining the biological proper-
ties of continuous suspension ВНК-21/SUSP/ARRIAH sub-
line of newborn Syrian hamster kidney cells and evaluating 
the possibility of using it for animal virus reproduction.

MATERIALS AND METHODS
Cell cultivation in suspension was carried out using 

semi-continuous culture technique in glass and metal 
fermenters with the capacity of 40 to 2,000 l in separate 
cycles, 10–12 passages each. A culture growth medium 
containing 5% of bovine serum, blood protein hydroly-
sate at a concentration of 15–20 cm3/dm3, Hottinger’s 
digest (2–10 cm3/dm3), 8 proteinogenic aminoacids, vi-
tamins and mineral salts were used for cultivation. Cell 
seeding concentration was 0.6–0.8  million  cells/cm3. 
Every 12 hours, рН levels, live and dead cell concentra-
tions, suspension sterility were measured. During cell 
reproduction, lactate was formed, and this contributed 
to pH decrease. Therefore, a 7.5% baking soda solution 
was added to the cell suspension and/or pH was adjusted 
by bubbling.

Cell morphology analysis. Cells were examined using 
phase contrast microscopy at different magnifications. In 
order to assess the nucleus-to-cytoplasm ratio, the sus-
pension cells were treated with acridine orange. The acri-
dine orange exposure resulted in bright greenish-yellow 
staining of nuclei visualized on the yellow background of 
cytoplasm. Trypan blue staining was used for cell viability 
determination [12].

Karyological analysis of cells was carried out using the 
technique described by P. S. Moorhead et al. [13] that al-
lows for detection of metaphase chromosome. Log phase 
cells collected from the fermenters were transferred onto 
the solid substrate in the growth nutrient medium con-
taining 0.001% of colchicine and incubated for 3–4 hours. 
Rounded metaphase cells were agglomerated by shaking 
and then concentrated by centrifugation of the suspen-
sion. The further process was carried out in centrifuge 
tubes as follows: 10 minutes – hypotonic treatment at 
36 °С; 3 treatments with fixing solution, 10 minutes each, 
with centrifuging at 22–25 °С. The resulting suspension 
was applied to the chilled slides with a Pasteur pipette and 
stained with Giemsa’s solution for 10–15 minutes. After the 
preparation had been prepared, 100 metaphase plates 
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were photographed, the number of chromosomes in them 
was calculated using immersion microscopy at 90× mag-
nification, and karyogram was plotted [14].

Cytometric analysis of the cell subline. The comparative 
analysis of cell cycle phases was carried out by means of 
cytometry [15, 16] (n = 22) using an Accuri С6 flow cyto-
meter and the cell DNA detection kit “С6 Flow Cytometer 
Fluid Kit” (BD Accuri™, USA) according to the manufactu-
rer’s recommendations. DNA histograms were obtained for 
the subline cells 48 hours after subcultivation.

DNA eluates were analyzed in the cytometer using 
the programme “Analysis of cell cycle parameters and 
DNA content in live cells”. The process lasted 2 hours; fluo-
rescent signal was recorded. Cell distribution by G1/G0-, 
S- and G2/M-phases of the cell cycle was determined by 
measuring relative DNA content in the cells using DNA 
binding fluorescent dyes.

Cryopreservation of the cell suspension was carried out 
in 100 cm3 vials using a cryomedium (a growth medium 
supplemented with 7–10% of dimethyl sulfoxide and 20% 
of fetal calf serum). The cell suspension was cooled to mi-
nus 70 °С at a cooling rate of 2 °С/min, to minus 150 °С – at 
10 °С/min; then the vials were placed in liquid nitrogen at 
minus 196 °С. The cell suspension was thawed at 39–42 °С 
during 2 minutes. 

For cell thawing, direct seeding method comprising the 
following steps was used: rapid thawing of the suspension 
at 37 °С using a water bath; mixing of 1.0 cm3 of cells with 
20 cm3 of the culture growth medium containing 10% of 
calf serum (cell seeding concentration was 0.5–0.7 mil-
lion cells/cm3); incubation of cells for 12 hours with sub-
sequent change of the medium in order to remove the 
cryopreservation agent.

Viruses. The following viruses were used: FMDV А/Tur-
key/2006, О/Saudi Arabia/2008, Asia-1/Tajikistan/2011 
strains, rabies virus “ARRIAH” and “RV-97” strains, Aujeszky’s 
disease virus “VK” and “К” strains, bovine parainfluenza-3 
virus “VGNKI-4” strain.

RESULTS AND DISCUSSION
ВНК-21/SUSP/ARRIAH cell morphology analysis in 

comparison with ВНК-21/2-17b. Cell morphology of 
ВНК-21/2-17b subline was studied at the time of paten-
ting in 1986 (Fig. 1).

Fig. 1. Cell morphology of ВНК-21/2-17b subline  
(passage 1, at the time of patenting in 1986; magnification 80×) 
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with acridine orange. The acridine orange exposure resul-
ted in bright greenish-yellow staining of nuclei visualized 
on the yellow background of cytoplasm (Fig. 4).

Based on nucleus and cell diameter measurements, it 
was concluded that the new subline demonstrates a larger 
nucleus size in relation to cytoplasm and cell size. In most 
cases, the nucleus made up 60–80% of the cell volume.

Karyological analysis of ВНК-21/SUSP/ARRIAH cells in 
comparison with ВНК-21/2-17b. Chromosome prepara-
tions for the karyological analysis were prepared according 
to the technique described by P. S. Moorhead et al. [13]; 
then 100 metaphase plates were examined microscopical-
ly and microphotographed, the number of chromosomes 
was calculated, and karyogram was plotted.

Figure  5 shows ВНК-21/2-17b cell population com-
position at the time of patenting in 1986. Multiple tests 
showed the stable predominance of 42-chromosome 
cell populations (28–40% of the entire population). The 
following chromosome numbers were detected: 36 chro-
mosomes – in 1% of the populations, 37 chromosomes – 
in 2%, 38 chromosomes – in 9%, 39 chromosomes – in 3%, 
40  chromosomes – in  8%, 41  chromosomes – in  27%, 
42  chromosomes – in  40%, 43  chromosomes  – in  7%, 
44 chromosomes – in 2%, polyploids made up 1%.

Morphologically, the cells were found to be amor-
phous; in other words, passage 1 cells seeded onto the 
substrate did not have a definite form, moved actively and 
attained a spherical form only during division. Passage 2 
cells of this subline were fully adherent and attained an 
epithelioid form (Fig. 2). When all available substrate was 
covered with cells, some of the cells formed a suspension 
and demonstrated high proliferation rates (their growth 
rate was not less than 4–6).

The morphology of suspension ВНК-21/SUSP/ARRIAH 
cells is shown in Figure 3. The morphology studies showed 
that the cells remained practically unchanged externally 
as compared with ВНК-21/2-17b subline. Small cells of 
8–10 µm in size prevailed in the population (up to 90%). 
It should be noted that, when passaged on the horizontal 
surface, the cells demonstrated low adhesion (the excep-
tions were polyploids) and moved intensively. Multiple 
mitotic divisions resulted in a significant increase in sus-
pension cell concentration in the culture flask. Thus, the 
developed ВНК-21/SUSP/ARRIAH cell subline is exclusively 
a suspension cell subline.

For nucleus-to-cytoplasm ratio assessment, 50 samples 
of the suspension of ВНК-21/SUSP/ARRIAH cells grown in 
the glass and metal fermenters were collected and treated 
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Fig. 3. Cell morphology of ВНК-21/SUSP/ARRIAH subline 
(magnification 80×)

Fig. 4. Visualization of nuclei of suspension ВНК-21/SUSP/ARRIAH 
subline cells stained with acridine orange

Fig. 5. Karyogram of ВНК-21/2-17b subline cell population at the time of patenting (1986)
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Fig. 6. Karyogram of ВНК-21/SUSP/ARRIAH subline cells grown in 50 (А), 250 (В), 2000 dm3 (С) fermenters
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During three decades, monolayer culture of these cells 
was not used in production. As a result of suspension 
cultivation in the growth medium during about 100 con-
secutive passages, ВНК-21/2-17b cells transformed into a 
new cell subline, ВНК-21/SUSP/ARRIAH. The populations 
of cells of this line grown in 40, 250 and 2000 dm3 fermen-
ters were subjected to karyological analysis. Fifty samples 
from each of the cell suspensions prepared 48 hours af-
ter seeding were used for the tests. It was found that the 
cells had undergone some karyological changes under 
homogeneous culture conditions. The modal class of the 
new subline is represented by cells with 41 chromosomes 
(32–40% of the population). The share of cells containing 
40–42 chromosomes is 78–80%, the share of polyploids 
averages around 1%. The range of variation in the number 
of chromosomes in ВНК-21/SUSP/ARRIAH cells is from 36 
to 54. The following chromosome numbers were detected: 
36 chromosomes – in 0–1% of the populations, 37 chromo-
somes – in 0–4%, 38 chromosomes – in 1–9%, 39 chromo-
somes – in 3–5%, 40 chromosomes – in 8–24%, 41 chro-
mosomes  – in  33–40%, 42  chromosomes  – in  15–27%, 
43 chromosomes – in 6–12%, 44 chromosomes – in 2–3%, 
46 chromosomes – in 0–2%, and 52–54 chromosomes – 
in 0–2% (Fig. 6).

Cytometric analysis of ВНК-21/SUSP/ARRIAH cells in 
comparison with  ВНК-21/2-17b. DNA histograms pre-
sented in Figure 7 and data in Table 1 were obtained in the 
course of comparative analysis of cell cycle phases of the 
two sublines 48 hours after cell suspension subcultivation.

Based on the data obtained, it was found that apoptotic 
cells and cell debris made up 51.0–60.0% of  ВНК-21 / 2-17b 
cells, that is 5.0–31.0% more than the percentage for 
 ВНК-21/SUSP/ARRIAH subline (20.0–55.0%). Cells undergo-
ing G1-phase (pre-synthesis phase) made up 30.0–75.0% 
of ВНК-21/SUSP/ARRIAH subline cells and 28.0–70.3% of 
ВНК-21/2-17b subline cells. This phase is characterized by 
cell preparation for chromosome duplication, intensive 
synthesis of polypeptides, an increase in the number of 
mitochondria and ribosomes. The share of G1-phase cells 
in the new subline was 2.0–4.7% more as compared with 
ВНК-21/2-17b subline. Apparently, some of ВНК-21/2-17b 
cells, in between mitotic М-phase and the beginning of 

G1-phase, enter apoptosis, and this subsequently has im-
pact on the growth rate of the entire population.

Cells undergoing S-phase (synthesis phase) that in-
volves cell DNA replication in many replicons and the be-
ginning of centriole duplication in the cell centre make 
up 2.0–33.0% of ВНК-21/SUSP/ARRIAH subline cells and 

Fig. 7. DNA histogram of ВНК-21/SUSP/ARRIAH (А)  
and ВНК-21/2-17b (В) subline cells

BA
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Table 1
Comparative analysis of life cycles of ВНК-21/SUSP/ARRIAH and ВНК-21/2-17b subline 
cells based on cytometry data

Cell cycle phase

Percentage of cells undergoing the specified 
cell cycle phase, % Difference in cell 

percentages, %ВНК-21/SUSP/
ARRIAH ВНК-21/2-17b

Apoptosis 20.0–55.0 51.0–60.0 31.0–5.0

G1-phase 30.0–75.0 28.0–70.3 2.0–4.7

S-phase 2.0–33.0 1.5–30.0 0.5–3.0

G2+М-phase 3.0–20.0 2.6–18.0 0.4–2.0

Table 2
Evaluation of growth properties of suspension ВНК-21/SUSP/ARRIAH subline cells in comparison with prototype cell sublines

Cell subline

Monolayer cultivation Suspension cultivation

split ratio
monolayer 

formation time, 
days

monolayer survival 
time, days

number of cells 
per cultivation 

flask, mln*
growth rate cell concentration, 

mln/cm3 viable cells, %

ВНК-21/13 1:3 2–3 3 40–45 maintained as suspension**

ВНК-21/2-17b 1:3 2–3 5 40–45 6.00–7.00 2.30–2.80 95–99

ВНК-21/13-02 1:2–1:3 2–3 5 40–45 6.00–8.00 up to 4.00 95–99

ВНК-21/13-13 1:2–1:3 2–3 5–6 40–45 6.00–8.00 2.40–4.00 95–98

ВНК/SUSP/ARRIAH low adhesion, amorphous cells with multiple  
cytoplasmic protrusions 6.67–11.00 4.00–5.50 96–99

* a cultivation flask with a growth surface area of 375 cm2 is used;
** detailed information on suspension cultivation [6, 10] is not reflected.
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1.5–30.0% of prototype line cells, i.e. 0.5–3.0% less as com-
pared with the cells of the new subline.

After 48 hours, cells undergoing G2-phase (post-syn-
thesis phase) characterized by energy accumulation, 
protein accretion for mitosis and tetraploid DNA content 
attainment and cells undergoing М-phase (mitosis) ac-
count for 3.0–20% of ВНК-21/SUSP/ARRIAH cells, which is 
0.4–2.0% more than the percentage for ВНК-21/2-17b cells 
(2.6–18%); this is indicative of a greater capacity of the cells 
of the new subline to continue division.

Thus, as a result of suspension cultivation in the 
growth medium with modified composition during about 

100 consecutive passages, ВНК-21/2-17b cells transformed 
into a new cell subline, ВНК-21/SUSP/ARRIAH, in which, af-
ter 48 hours, cells undergoing G1-phase of the cell cycle 
prevail (30.0–75.0% of cells). Cells undergoing the phases 
of preparation for mitosis and mitosis (G2+M-phase) ac-
count for  3.0 to 20.0% of the entire population. The num-
ber of meganucleated and multinucleated cells (> 4n) at 
the beginning and at the end of the logarithmic phase 
increases to 2%. In other words, the basic population, ap-
parently, underwent selection manifested as a 5.0–31.0% 
decrease in the number of apoptotic cells and cell debris 
amount and an increase in the number of cells undergo-
ing G1-, S- and G2+M-phases that ensure cell growth by 
2.0–4.7; 0.5–3.0 and 0.4–2.0%, respectively.

Evaluation of growth properties of ВНК-21/SUSP/
ARRIAH subline cells in comparison with prototype sub-
lines. ВНК-21/SUSP/ARRIAH cells resulting from long-term 
suspension cultivation (100 consecutive passages) were 
tested for their growth properties in comparison with 
prototype ВНК-21/13, ВНК-21/2-17b, ВНК-21/13-02 and 
 ВНК-21/13-13 sublines. The test results are presented 
in  Table 2. These data show that ВНК-21/SUSP/ ARRIAH 
cells cultivated in suspension using semi-continuous 
culture technique (seeding concentration is 0.5–0.6 mil-
lion    cells / cm3) reach a concentration of 4.0–5.5 million 
cells/cm3 after 48 hours of cultivation under optimum con-
ditions. Thus, they demonstrate growth rates of 6.67–11.00 
and 96–99% viability. Suspension ВНК-21/SUSP/ARRIAH 
cells grown in culture flasks under static conditions were 
characterized by low adhesion, amorphous form, multi-
ple cytoplasmic protrusions (the protrusion dynamics 
spanned a period of several minutes).

Viability tests of ВНК-21/SUSP/ARRIAH subline cells 
recultivated after cryoconservation. The number of li ving 
cells was determined in suspension after cryopreserva-
tion (n = 10). Based on the test results, it was found that the 
viability of cells after cryopreservation was 85–90% at pas-
sage 1 and increased to 96–99% starting from passage 2.

One-day proliferation delay was observed in dep-
reserved cells grown in suspension during passage  1. 
Figure 8 shows ВНК-21/SUSP/ARRIAH cell growth rates 
for 12 consecutive passages after cryopreservation. Pro-
liferation rates at passages 1–3 varied from 3.36 ± 0.21 
to 5.88 ± 0.15 (p < 0.005). Starting from passage 4, growth 
rates were from 6.85 ± 0.18 to 10.95 ± 0.31 (p < 0.005). It is 
considered that the normal growth rate for ВНК-21 cells is 
4 and above [9, 17]. In other words, ВНК-21/SUSP/ ARRIAH 
cell line attains the required cell growth rate starting from 
passage 2. The highest cell proliferation rate for the test-
ed subline was observed at passage 9. It should be not-
ed, that at passage 12 the cell growth rate was 7.02 and 
exceeded the lower normal value by 3.02. Thus, ВНК-21/
SUSP/ARRIAH cell subline is recultivated rapidly after cryo-
preservation and demonstrates high proliferation rates (up 
to 10.95 ± 0.31) and 95–99% cell viability.

Reproduction of FMD, rabies, bovine parainfluenza-3 
and Aujeszky’s disease viruses in ВНК-21/SUSP/ARRIAH 
subline cells in comparison with prototype sublines 
(based on literature data). To prepare virus-containing 
material for virus vaccine production, the following virus 
strains were reproduced in continuous suspension  ВНК-21/
SUSP/ARRIAH cells: FMDV A/Turkey/2006 (n  =  100), O/
Saudi Arabia/08 (n = 100), Asia-1/Tajikistan/2011 (n = 80) 

Fig. 8. Growth rate variations of ВНК-21/SUSP/ARRIAH subline cells 
recultivated after cryopreservation (mean growth rate values are provided; 
n = 30, p < 0.005)
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Table 3
Cultivation of FMD, rabies, bovine parainfluenza-3 and Aujeszky’s disease viruses  
in suspension ВНК-21/SUSP/ARRIAH cell subline (p < 0.005)

Cultivated viruses Cytopathic 
effect, % Virus infectivity titre Number 

of tests

FMDV
А/Turkey/06 strain 95–98 7.30 ± 0.13 lg TCID50/cm3 100

FMDV
О/Saudi Arabia/08 strain 95–98 7.80 ± 0.23 lg TCID50/cm3 100

FMDV
Asia-1/Tajikistan/11 strain 95–99 8.00 ± 0.21 lg TCID50/cm3 80

rabies virus
“ARRIAH” strain 95–99 8.00 ± 0.13 lg CCID50/cm3 40

rabies virus
“RV-97” strain 95–99 7.25 ± 0.20 lg CCID50/cm3 40

Aujeszky’s disease virus
“VK” strain 95–97 7.80 ± 0.15 lg TCID50/cm3 40

Aujeszky’s disease virus
“К” strain 95–97 7.50 ± 0.19 lg TCID50/cm3 40

bovine parainfluenza-3 virus
“VGNKI-4” strain 95–98 6.00 ± 0.15 lg TCID50/cm3 50
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for 3.0 to 20.0% of the entire population; the number of 
meganucleated and multinucleated cells (> 4n) at the 
beginning and at the end of the logarithmic phase in-
creases to 2%.

Suspension BHK-21/SUSP/ARRIAH cells were found 
to recover rapidly after cryopreservation demonstrating 
 95–99% viability and growth rates of 3.36–5.88 (passa-
ges 1–3) and 6.85–10.95 (passages 4–12).

The study showed that suspension BHK-21/SUSP/ 
ARRIAH cells allow for virus reproduction with the fol-
lowing titres:

– FMD virus – 7.30–8.00 lg TCID50/cm3;
– rabies virus – 7.25–8.00 lg CCID50/cm3;
– bovine parainflunza-3 virus – at least 6.00 lg  TCID50 / cm3;
– Aujeszky’s disease virus – 7.50–7.80 lg TCID50/cm3.
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strains, rabies virus “ARRIAH” (n = 40) and  “ RV-97” (n = 40) 
strains, Aujeszky’s disease virus “VK” (n = 40) and “К” (n = 40) 
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SUSP/ARRIAH cell culture caused 95–97% CPE and was 
accumulated with infectivity titres of 7.50  ±  0.19  to 
7.80  ±  0.15  lg TCID50/cm3 (n  =  80); bovine parainfluen-
za-3 virus caused 95–98% CPE and showed infectivity titres 
of up to 6.00 ± 0.15 lg TCID50/cm3 (n = 50).

Thus, the cells of ВНК-21/SUSP/ARRIAH subline 
developed for production of virus vaccines and diag-
nostic veterinary biologicals allow for FMD virus repro-
duction with titres of up to 8.00  ±  0.21  lg TCID50/cm3, 
i.e. 1.00 lg  TCID50 / cm3 higher in comparison with prototype 
sublines (not more than 7.00 lg TCID50/cm3). The proposed 
subline ensures rabies virus accumulation with titres of up 
to 8.00 ± 0.13 lg  CCID50 / cm3, i.e. 0.25–1.00 lg  CCID50 / cm3 
higher in comparison with prototype lines (not more 
than 7.00 lg CCID50/cm3), as well as bovine parainfluenza-3 
and Aujeszky’s disease virus accumulation with titres of 
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CONCLUSION
The biological properties of continuous suspension 

ВНК-21/SUSP/ARRIAH subline of newborn Syrian hamster 
kidney cells were studied, and the possibility of using it 
for foot-and-mouth disease, rabies, bovine parainfluen-
za-3, Aujeszky’s disease virus reproduction was evaluated.

It was found that BHK-21/SUSP/ARRIAH cell subline, 
when cultured in suspension, undergoes selection to-
wards hypoploidy: modal class is represented by cells 
with 41 chromosomes (32–40% of cells); the share of cells 
containing 40–42 chromosomes is 78–80%; the share of 
polyploids averages around 1%; the range of variation in 
the number of chromosomes is from 36 to 54.

It was detected that BHK-21/SUSP/ARRIAH cell subline 
cultivated in suspension using semi-continuous culture 
technique demonstrates exponential growth (prolifera-
tion rate decreases after 48 hours) with growth rates of 
6.67–11.00 and 96–99% cell viability.

It was established that suspension ВНК-21/SUSP/ 
ARRIAH cells grown under static conditions are charac-
terized by low adhesion, amorphous form, multiple cyto-
plasmic protrusions and during mitosis accumulate in the 
culture medium in suspension.

It was found that, after 48 hours, G1-phase cells 
prevail in the cell population of ВНК-21/SUSP/ARRIAH 
subline (30.0–75.0% of cells); cells that undergo prepa-
ration for mitosis and mitosis (G2+M-phase) account 
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