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Abstract–Primary chicken embryo fibroblast (CEF) cultures are excellent model systems for in-vitro virus
propagation. However, the cumbersome preparation process of CEF makes cryopreservation highly
essential. Cryopreservation in Liquid Nitrogen liquid phase (-196 °C) or vapour phase (-156 °C) are
frequently used methods. In the present study, efficiency of cryopreserved primary CEF cells for the
propagation of Duck plague virus and Fowl pox virus was evaluated. The cells were preserved for different
time periods and different cooling methodologies were employed in order to assess the effects exerted by
these variations. The efficiency of the cells was compared based on cell viability/ revival rate, ability to form
monolayer and TCID50 of the propagated viruses. Cell count revealed viability of 75.60% and 68% post 2
weeks and 6 months of cryopreservation respectively following step freezing method. On the other hand,
cells preserved using insulated cryo-containers exhibited 89% and 80% viability post 2 weeks and 6 months
of cryopreservation respectively. Development of complete monolayer could be seen within 24 hours in all
the batches irrespective of the cooling method used and the cryopreservation storage time. Infection with
DPV and FPV yielded respective cytopathic effect from 48 hours onwards. CPE observed in the freshly
prepared CEF and in those revived 2 weeks and 6 months post freezing, were similar in terms of typical
characteristics and duration of appearance. From the findings of the present study it is evident that
cryopreservation of CEF cells is a convenient and practical approach for virus propagation.
Cryopreservation of primary cells offers a definite advantage over repeated culture preparation which is
labour intensive, time consuming and dependent on the availability of embryonated eggs.

INTRODUCTION

Cells and tissue culture are extensively used
techniques in the field of vaccine production, virus
proliferation, drug development and cancer
research. The process involves derivation of cells,
tissues and organs from eukaryotic organisms and
growing them in vitro under controlled environment
mimicking natural conditions. Primary chicken
embryo fibroblast cultures are excellent model
systems as they are isolated straight from tissues
and are unaltered. They find wide application in
adaptation and propagation of various avian viruses
like IBD, Fowl pox virus, Newcastle disease, Duck
Enteritis Virus as well as for vaccine production

(Wambura et al., 2006; Audsley and Tannock, 2008).
However, preparation of primary cultures is a
cumbersome process, involving much time and
precaution. In addition, the production cost is high
as it requires large number of embryonated eggs,
which is also non-ethical. Hence, in order to
overcome these difficulties cryo-preservation of
primary cells is highly essential. One of the
frequently used methods to preserve culture cells
for long termis cryopreservation in Liquid Nitrogen
using its liquid phase (-196 °C) or vapour phase (-
156 °C). However, it is essential to minimize the
detrimental effects of freezing on cells due to ice
crystals, dehydration, and alteration in the pH and
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osmotic changes (Mazur et al., 1972). To serve this
purpose, a cryoprotective agent such as glycerol,
dimethylsulfoxide (DMSO), or Ethylene glycol is
added, prior to freezing, to the cell suspension to
lower the freezing point (Doyong and Critser, 2000;
Pegg, 2007).  The cell suspension is then transferred
as 1ml aliquots to cryovials and are subjected to
slow cooling to -80 °C at an ideal rate of 1 °C/min
(Jang et al., 2017). To attain this level of freezing, the
cryovials are placed in containers which include
conventional styrofoam boxes and iso-propanol
filled containers to the more advanced controlled-
rate freezers (Thompson et al., 2014). Once -80°C is
reached, the vials are immediately transferred to
Liquid Nitrogen storage. The cells can be preserved
in this state for longer periods of time. The thawing
process is another important factor when reviving
cryopreserved cells. Generally the cells are subject to
rapid warming to avoid recrystallization of ice
which can cause further damage (Whaley et al.,
2021). The present study was undertaken to evaluate
the efficiency of cryopreserved CEF cells for
propagation of two different avian viruses namely
Duck enteritis virus or Duck plague virus (DPV) and
Fowl pox virus (FPV).

MATERIALS AND METHODS

Preparation of Chicken Embryo Fibroblast culture

Embryonated chicken eggs of 4 to 5 days old were
purchased from a reputable hatchery and incubated
till 9-11 days old at 37 oC with regular turning daily.

The chicken embryo fibroblast cell culture was
prepared as per the method described by
Hernandez and Brown, (2010) with some
modification. Briefly, 9-11 day old chicken embryos
were taken, candled and those showing good
development of the embryo with prominent blood
vessels were selected. The eggs were swabbed with
70% alcohol and allowed to dry. The area of the air
sac was marked and broken gently with the help of
forceps. Then the embryo was taken out and put
into a dish containing balanced salt solution. The
extremities of the embryos along with the internal
organs were removed and washed several times
with Hank’s Balanced Salt Solution (HBSS), so that
the blood and other debris get removed. With the
help of a pair of sterile curved scissors embryos
were properly minced and washed with HBSS
several times. Then the tissue pieces were
transferred to a trypsinization flask containing a
teflon-coated magnetic bar and sufficient amount of

0.25% trypsin was poured and trypsinized for 15
minutes in a magnetic stirrer at a moderate speed.
The supernatant was discarded to remove the toxic
factors released from the tissue fragments. Fresh
trypsin solution was poured into and trypsinization
continued for 10 min and the tissue fragments were
allowed to settle. Then the cell suspension was
passed through sterilized muslin cloth tied to the
mouth of a beaker. The left-over tissue was further
trypsinized twice as done before, 15 minutes each
time and passed through muslin cloth. Then the cell
suspension was centrifuged at 1000 rpm for 10
minutes. The cell pellet was retained and trypsin
was poured off. Washing with balanced salt solution
was done twice and finally with the growth
medium.

Cryopreservation of cells

For preservation of primary cells two types of media
were used: Media A-EMEM WITH 20% horse
serum/20% foetal bovine serum (FBS). Media B-
Media A with dimethyl sulfoxide (DMSO) 20%. The
cell pellet was reconstituted in Media A and the
viable cell concentration was determined in a
haemocytometer and adjusted to 106-107/ml. The cell
counting was performed using a haemocytometer
using trypan blue (0.4%) exclusion method (Choi et
al., 2007). Those cells which did not take up trypan
blue were counted as viable cells. The cryovials were
labelled and cell suspension was distributed in
cryovial @ 500 l/vial. Equal volume of Media B was
added to all the vials. The suspension was mixed
thoroughly. Two separate freezing methodologies
were employed. One batch was transferred to a
cryo-container half filled with isopropanol for slow
cooling @ -1 oC / min and then stored at -80o �C
overnight, and ultimately immersed in liquid
nitrogen (-196R �C) for long term storage (Oyeleye et
al., 2016). The other batch was first cooled to freezing
temperature allowing release of the heat of fusion
followed by further freezing up to below -40oC and
finally to liquid nitrogen vapor phase temperature
of <-150 oC (Gargi et al., 2015). To achieve this, the
vials were first transferred to -4 oC for 2 hours, -20 oC
for 2 hours, -80 oC for overnight and finally
transferred to liquid nitrogen the following day.
Comparison was made between both the batches of
vials on the basis of the viable cell count and revival
rate.

Revival of cryopreserved cell

Cryopreserved cells were taken out from liquid
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nitrogen, thawed at 37 oC, suspended in 8 ml growth
medium (EMEM+10% FBS) and incubated at 37 oC.
Cell count was carried out using haemocytometer as
mentioned before.

Susceptibility to virus infection

Revived cells were infected with 1ml of DPV vaccine
virus/ 25 mm2 flask and 1ml FPV/ 25 mm2. Briefly,
the monolayer was washed with HBSS and
inoculated with antibiotic treated 1 ml virus
inoculums per 25 cm2 cell culture flask (Nunc,
Denmark) and kept at 37 oC for 1 hour to allow
proper adsorption of virus on to the cells. Then it
was rinsed with Ca2+, Mg2+ free PBS to wash away
the un-adsorbed viruses. Then maintenance
medium containing 5 percent foetal bovineserum
was added and incubated at 37 R�C for 3-4 days.
Un-inoculated monolayer served as control. The cell
monolayer was microscopically observed for
alterations in cell morphology for the next 3-4 days.
The virus was harvested after appearance of
cytopathic effect. The infected cell culture fluid was
subjected to 3 cycles of freezing and thawing after
which it was centrifuged at 3500 rpm for 10 minutes.
The supernatant was then separated and stored at -
30 oC for further use.

Confirmation by PCR

Viral DNA was extracted from the harvest by using
the commercially available reagent TRIzol
(Invitrogen, USA) in accordance with the
manufacturer’s instructions.

For detection of DPV, DNA polymerase gene
UL30 specific primers (OIE Terrestrial Manual, 2018)
were used and the presence of FPV was determined
by amplification of the P4b gene using a set of
primers described by Lee and Lee (1997). The details
of the primers and amplicon size are provided in
Table 1. The amplified PCR products were electro
phoretically analysed by performing agarose gel
electrophoresis in 1X Tris Acetate EDTA (TAE)

buffer with 1.7% Agarose (Amresco) containing
ethidium bromide (10 mg/ml). Electrophoresis was
carried out at 80V for 1hour and amplified product
was visualized at 312 nm wavelength using UV
transilluminator (DNR, Bio-imagingsystem,
Minilumi).

Determination of TCID50

TCID50 was performed following the Virology
laboratory manual (Burleson,Chambers and
Wiedbrauk, 1992). CEF primary cells were cultured
on 96 well micro plate and of 100 l of growth
media per well and incubated at 37 oC. After 24
hours, confluent monolayer was obtained. The
growth media from the wells were discarded and
then 100 l of virus inoculum from different
dilutions (10-1 to 10-6) were added to all the wells of
row 1-7 and row 8 was kept as control. The plate
was incubated at 37 oC in the CO2 incubator and
monitored microscopically daily for 4-5 days.
Development of CPE in all the wells were recorded.
TCID50 was calculated formula using Log TCID50 =
L-d (s - 0.5), Where L is log10 of the most
concentrated virus dilution is log dilution factors  is
sum of proportion.

RESULTS AND DISCUSSION

Cell Viability and Revival

The cryopreserved cells were revived in two
batches. One batch was revived after 2 weeks and
another batch was revived after 6 months of
cryopreservation. It was observed that the cells
preserved by slow cooling presented more survival
rate than those batches of cells preserved by step
down cooling method. Cell count revealed viability
of 75.60% and 68% post 2 weeks and 6 months of
cryopreservation respectively following
conventional step down cooling method. On the
other hand, cells preserved following slow cooling
method exhibited 89% and 80% viability post 2

Table 1.

Virus Sequences Product size Reference

FPV Forward primer:5´-CAGCAGGTGCTAAACAACAA-3´ 578bp Lee and Lee (1997)
Reverse primer:
5´-CGGTAGCTTAACGCCGAATA-3´

DPV Forward primer:
5’-GAA-GGC-GGG-TAT-GTA-ATG-TA-3’
Reverse primer:
5’-CAA-GGC-TCT-ATT-CGG-TAA-TG-3’ 446 bp OIE Terrestrial

Manual, 2018
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week and 6 months of cryopreservation respectively.
It was seen that 1 vial of cells can be divided in 1:2
ratio to seed two 25cm2 cell culture flasks.
Congruent results have been reported in many
studies. Research has shown that the optimal
cooling rate, to achieve higher survival rates of
cryopreserved cells, is -1°C min–1  (Choi and Bischof,
2011; Naaldijk et al., 2012). On the otherhand, Baboo
et al., 2019, opined that employing very slow rates of
cooling (0.1°C min–1) has shown to significantly
increase cell viability of thawed cryopreserved cells.
The results of the present study in correlation with
previously published reports clearly indicate that
slow cooling is the better option for
cryopreservation of cells in terms of revived cell
viability. In this study DMSO was found to be an
effective cryoprotective agent which can be
substantiated by the findings documented in earlier
studies. Baust et al., 2009 reported that DMSO was
more advantageous than glycerol for many cell
types as it offered enhanced permeability capacity.In
fact, DMSO is among the most commonly employed
cryoprotective agent for the storage of stem cells
(Ock and Rho, 2011). In another study concerning
cryopreservation of Chicken embryo kidney cells,
best viability was obtained when the concentration
of dimethyl sulfoxide(DMSO) in the freezing
medium was 20% (v/v) (Choi et al., 2007)

Monolayer formation and Virus infection

Development of complete monolayer could be seen
within 24 hours and the cells could be used for
infection. Cytopathic effect could be observed from
48 hours onwards. CPE in the freshly prepared CEF,
those revived after 2 weeks and 6 months post
freezing, was similar in terms of the time taken and
the characteristics. The time taken for initiation of
CPE was 24 hours post infection and 72 hours for
completion. It was characterized by rounding,
vacuolation, shrinkage of cells and cell death.
Uninfected cells did not show any changes.
Extensive research on virus induced cytopathic
effect in different cell line has been performed by
many scientists. (Fig. 2, 3 and 4). In an earlier study
carried out by Kumar and Ponnnoose, 1997, it was
observed that DPV infection in CEF lead to
vacuolation of cytoplasm and formation
eosinophilic intranuclear inclusion bodies and
clumping of cells.  In an attempt to adapt DPV in
CEF, Konwar et al., (2020) reported similar kind of
CPE within 48 hrs of infection. Similarly, Doley et al.
(2013) also reported congruent findings.

Confirmation by PCR

For detection of DPV adapted in CEF, this study
reaffirms the protocol standardized by OIE
terrestrial manual (2018) for detection of DP virus
nucleic acid. The same gene DNA directed DNA
polymerase was targeted by various workers
because of the highly conserved nature of the gene
(Xuefeng et al., 2008; Mondal et al., 2010). The
targeted gene is non structural gene which have
open reading frame (ORF) of UL-30 which play
many roles like DNA replication, DNA replication-
recombination and DNA cleavage-encapsidation (Li
et al., 2009).  The viral DNA was extracted directly
from the cells yielded sufficient amount of viral
DNA in pure form at a concentration of 80-120 ng/
µl. The amplicon size was 446bp, there was no non-
specific amplification or smearing (Fig. 5).

In a similar manner, the PCR based amplification
of the 578 bp region of the highly conserved 4b gene
of avipox virus has been previously described by
other workers for diagnosis of FPV (Fig. 6). (Lee and
Lee, 1997; Fasaei et al., 2014 and Zhao et al., 2014).

Determination of infective dose

To assay the infective dose of Duck Plague Virus
TCID50 was performed. TCID50 of freshly prepared
CEF cells was found to be 106.45/ ml, but in case of
CEF cells revived 2 weeks post freezing it was found
to be 106.00/ ml, on the other hand TCID50of CEF cells
revived after 6 months of  freezing was recorded
as105.49/ ml. In case of DPV, TCID50 was found to be
105.54/ ml, 104.49/ ml, and 104.00/ ml in freshly prepared
CEF cells, CEF cells revived 2 weeks after freezing
and CEF cells revived 6 months post freezing
respectively (Fig. 1). Various workers used TCID50
for studying the virulence of different viruses in
different cultures. Aravind et al. (2015) reported
comparable TCID50 of Duck plague virus where
TCID50 was 106.2 TCID50/ml. Almost similar finding

Fig. 1. Line diagram of TCID50
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was also observed by Mondal et al. (2010). Dinh et al.
(2004) observed 107.2TCID/ml of DPV grown in CEF
primary cell culture. In context of Avipoxvirus,
different workers have reported the adaptation of
Avipoxvirus in chicken embryo fibroblast cell
culture (Balachandran et al., 2012; Gilhare et al., 2015)
and CPE consisting of rounding, vacuolation,
degeneration of cells appearing as bunches of
grapes, syncytia, detachment of cells,
intracytoplasmic inclusions were common findings.
In a study of isolation and attenuation of FPV by
Sultana et al. (2019), TCID50/ml was estimated at
106.2/ml. In another study by Verma et al. (2015),
TCID50 of FPV reported to be 104.6/ml which is
comparable to the present study.  The variation in
TCID50 observed by different workers mentioned
above may be due to strain variation, passage level
and different system used for propagation of the
virus.

Fig. 2. Uninfected monolayer of CEF (100X)

Fig. 3. DPV infected monolayer of CEF showing
Vacuolation and rounding of cells (100X)

Fig. 4. FPV infected CEF cells showing thinning,
clumping and detachment of cells a (100 X)

Fig. 5. L- 100 bp Ladder, P-Positive Control, N-Negative
Control, A-DPV adapted in Freshly prepared CEF,
B-DPV adapted in CEF revived 2 weeks post
freezing, C-DPV adapted in CEF revived 6 months
post freezing

Fig. 6. L- 100 bp Ladder, P-Positive Control, N-Negative
Control, A- FPV adapted in Freshly prepared CEF,
B-FPV adapted in CEF revived 2 weeks post
freezing, C-FPV adapted in CEF revived 6 months
post freezing
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CONCLUSION

Cryopreservation has been instrumental in
expanding the scope of a variety of applications in
biological science. Several factors are known to
affect cryopreservation procedures while many
more are yet to be unravelled. To surmount the
shortcomings and to optimize cryopreservation
techniques for different cell types and larger
volumes, better understanding of the mechanisms
involved in cryobiology is needed. This
investigation brings to light the feasibility and
practicability of cryopreserving chicken embryo
primary cells for virus propagation. During the
study period of 6 months, the efficiency of the
cryopreserved cells was evident from the results
obtained, which were comparable with that of
freshly prepared cells. A single batch of chicken
embryo fibroblast cells, therefore, could be
preserved for maintaining a steady supply in the
laboratory without the need to acquire embryonated
eggs for each cell culture related activity.
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