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ABSTRACT. A primary fibroblast cells
from embryos of brown quail Coturnix
ypsilophora has been established and
partially characterized. The cells were
maintained in Modified Eagle’s medium
(MEM) supplemented with 10% fetal
bovine serum. The cells were able to grow
at temperatures between 35°C and 38°C
with optimum temperature of 37°C. The
growth rate of primary quail fibroblast cells
increased as the FBS proportion increased
from 5% to 20% at 37°C with optimum
growth at the concentrations of 10% or
15% FBS. The cells showed no microbial
contamination throughout the period of
experiment and the total chromosome
number of a diploid cell was 78, according
to karyotyping and chromosome analysis.
The susceptibility of quail primary
cells for avian viruses was investigated in
this study after inoculation with ND and IB
viruses. Both viruses showed a satisfactory
CPE development and the infectivity were
assayed by virus titration (TCID50). This
suggests that the quail primary cells can
be used for isolation of various avian
viruses with further steps of infectivity
confirmation in the future.

INTRODUCTION
Although embryonating eggs can support
the growth of a broad range of avian viruses,
many field viruses do not readily grow in
eggs. Therefore, obtaining a sufficient
number of reliable, high-quality eggs to
avoid false negatives (sample mishandling)
is a considerable limitation in their use.
Many attempts have been made to fi nd
suitable alternatives to the use of eggs for
avian virus isolation and research purposes.
However, all the previously studied cell
lines for avian viruses were mammalian
in origin, and limitations (including the
restricted host specificity of the cell and
a possible change in receptor specificity)
arise when using a mammalian cell line for
avian virus study. Thus, it would be ideal
to use a well-established avian-origin cell
line for avian virus study.
Infectious bronchitis virus (IBv)
infects the respiratory tract, kidneys and
oviduct of poultry of all ages, causing
delay in growth, mortality, reduced egg
production and poor egg shell quality and
in many countries the disease remains one
of the main problems affecting existing or
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developing poultry industries. Until now,
there is no cure for the disease (OIE, 1996).
Prevention is to import birds from diseasefree flocks only or through vaccination.
broilers are normally vaccinated at 1
day of age with live attenuated vaccines
(Cavanagh & Naqi, 1997). In addition,
breeders and egg layers are also vaccinated
at approximately 8 week intervals with live
attenuated vaccines, and with inactivated
vaccines after they start laying eggs (Cook
et al., 1999).
NDv causes Newcastle disease (ND),
which is an acute highly contagious viral
disease of domestic poultry as well as other
species of birds regardless of age and sex
variation (Alexander, 2003). According
to the strain variation of NDV, the rate
of morbidity and mortality of poultry in
a flock due to ND varies from 90-100%,
thereby poultry industry all over the world
facing serious economic losses every year.
However IBv and NDv infections
can also be diagnosed by detection of
viral RNA, which make the diagnostic
rapid and also dependable (Capua et al.,
1999; Cavanagh, 2001), but researchers
used to produce the virus by growing in
embryonated chicken eggs and this takes
long time and requires large area for egg
incubation. Thus, cell cultures considered
are more suitable and less expensive
than eggs and also convenient to inspect
microscopically for indication of viral
proliferation (Dhinakar & Jones, 1997;
de Wit et al., 1997). There is therefore a
serious need to improve IB virus isolation

technologies based on quail fibroblast cells
(QFC).
In this study, the authors evaluated
the characteristics of quail fibroblast cells
to investigate their ability to support the
growth of avian viruses
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MATERIALS AND METHODS
The 8-day-old embryos of quail in this
research were provided by chicken
breeding farm of faculty of Agricultural,
Dept. Animal Production, Duhok Univ.
Kurdistan Region, Iraq. MEM (Gibco,
USA), special grade fetal bovine serum
(Biochrom, German), DMSO (Sigma,
USA), Hoechst 33258 (Invitrogen, USA)
were used in this study. Reference strains
of IB (QX strain) and ND (AG68,1968
Iraq. VI. 4a. AF001108) viruses were
kindly provided by Al-Kindi Company for
Veterinary Vaccines & Drugs, Baghdad,
Iraq. This study was performed and
accomplished at Animal Biotechnology
Lab., Scientific Research Center/Faculty
of Science/ Duhok Univ.
Cell culture
The quail eggs incubated for 8 days were
sterilized using alcohol swabs, and then
the embryos were isolated and washed
three times with phosphate buffered saline
(PBS) supplemented with high level of
antibiotic (3% Penicillin-Streptomycin).
The embryos were cropped into pieces of 1
mm3 in size and seeded onto the surface of
25 cm 2 tissue culture flask, and cultured at
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Table 1. Media evaluation study. Three types of commercial media were used to evaluate
the growth of quail fibroblast cells
serial number

Type of media

1

Basal media of Minimum Essential Medium (MEM Eagle M0268 Sigma ®, UK)

2

Roswell Park Memorial Institute (RPMI media-1640 (Sigma-Aldrich ®, Germany)

3

DMEM - Dulbecco’s Modified Eagle Medium (Gibco ® DMEM)

37°C in a humidified atmosphere, 5% CO2
for 1 to 2 hrs. Modified Eagle’s medium
(MEM) containing 10% fetal bovine
serum (FBS) was added into the flask.
The medium was refreshed after 1 to 2
days. The cells were harvested at 80% to
90% confluence using 0.25% trypsin (m/v)
solution and were seeded again into culture
flasks at the ratio of 1:2 as passage 1 (Guan
et al., 2005; Zhou et al., 2004).
Culture media optimization
Three different media (MEM, RFLP and
DMEM) were used to evaluate the growth
of quail fibroblast cell (QFC) cultures
according to the method of Wolf and
Quimby (1976) (Table 1). All media were
supplemented with 10% FBS, 1% (100 IU/
ml) Antibiotic (Penicillin-Streptomycin),
1% (100 IU/ml) antifungal-Nystatin. A
total of 6 wells of tissue culture plate were
seeded with new cells at a density of 106
cells/ml at initial P1 passage. Duplicate
wells of each treatment were treated with
different media. 1 ml of old media was
removed and replaced with fresh media
every next day during the fi rst week of
growth period. The cells were trypsinized

and the efficiency of each medium was
evaluated by the number of viable cells/
ml of cell suspension.
Temperature optimization
MEM complete growth media (15%
FBS, 1% Penicillin-Streptomycin and
1% Nystatin-antifungal) was used as
base medium in this study. Temperature
required for growth of quail primary cells
was optimized according to the method
described by Wolf and Quimby (1976).
Cells were cultured in multi-well tissue
culture plate with seeding density of 106
cells/ml and incubated at 37°C for 24 hours
to allow for attachment. Later, each plate
with attached cells was incubated in a
selected temperature of 35, 37 and 39°C
respectively. Every two alternate days,
cells at each temperature were counted to
determine the best growth. The numbers
of viable cells were expressed as cells per
ml.
Serum optimization
The optimal fetal bovine serum (FBS)
percentage for the growth of primary
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quail cells at initial P1 passage was
assessed following the technique of Wolf
and Quimby (1976). Cells were plated at
density of 106 cells/ml in multi-well tissue
culture plates and incubated at 37°C for
24 hours to allow cell attachment. MEM
complete growth media with different
percentage of FBS (5%, 10%, 15% and
20%) were selected for cell growth test.
Every two alternate days, wells at each
FBS percentage were trypsinized and the
cells were stained with trypan blue and
counted using haemocytometer chamber.
The cell concentration was expressed as
cells/ml of culture medium.

when 80 to 90% confluent, and subjected
to hypotonic treatment and fi xed, then
the chromosome numbers were counted
from 100 spreads under an oil immersion
objective lens upon Giemsa staining.
Chromosome distribution was calculated
according to the protocol described by Sun
et al. (2006).

Microbial detection
Detection of bacteria and fungi
The cells were cultured in complete MEM
media free of antibiotics and observed for
the presence of bacteria and fungi at 3 days
after subculture according to the method
described by Doyle et al., 1990).

Virus inoculation
The stocks of IB and ND viruses were
originally obtained from Al-Kindi com.for
vaccines development in Baghdad. Viruses
were isolated from the allantoic fluid of
embryonated chicken eggs. Initially, 0.3
ml of the virus stock was diluted in 30
ml of 10X PBS giving a dilution of 1:100.
The diluted viruses were used to inoculate
QFC cells. 85-90% confluent flasks of cells
were used for virus passage in an attempt
to adapt the virus to replicate in these cells
and show CPE.
Tissue culture infective dose 50
(TCID50)

Detection of viruses
Hay’s hemadsorption protocol was used to
examine the samples for cytopathogenesis
using phase contrast microscopy (Hay et
al., 1992; Wu et al., 2008).
Karyotyping and chromosome analysis
Chromosome spreads were prepared, fixed
and stained following standard methods
(Costa et al., 2005). Cells were harvested
12

The infectivity of replicated IBV and
ND to QFC cells were determined by
calculating 50% end point, as described
by Reed & Muench (1938). Ten-fold serial
dilution of each virus (NDv and IBv) was
prepared in PBS from 10 -1 to10 -10. A 96
multi-well tissue culture microtiteration
plate (Titertek, UK) was used to prepare
QFC cells monolayers. 100μl of each virus
dilution was added in each well of fi rst
row leaving last two wells as negative
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control. The plate was incubated at 37°C
for 1 hour to allow adsorption. Then
100μl of prewarmed maintenance medium
(MEM+2%FBS) was added in each well
and again incubated at 37°C in 5% CO2.
The plate was observed daily for CPEs.
The highest dilution of virus showing
50% CPEs was considered as end point to
calculate TCID50
RESULTS
Morphological observation of quail
fibroblast cells
Cells derived from trypsinized tissue of
quail embryo muscles were well attached
and started to differentiate after one day of
being placed on the bottom of tissue culture
flasks (Figure 1A), and then they continued
to proliferate and were subcultured when
reached 80 to 90% confluent within about 5
days (Figure 1B & C). The cells displayed
typical fibrous and fusiform morphology.
less than 50% of the cells shown cuboidal
epithelial-like appearance, while the
fibroblasts grew rapidly and replaced the
epithelial cells gradually after 2 passages,
and then a relatively purified fibroblast line
was obtained (Figure 1). The viability of
quail fibroblasts evaluated through trypan
blue exclusion tests was 85%.
Optimum media composition
Comparison between three different media
of MEM, DMEM and RFLP revealed the
best growth for QFC cells maintained in

Figure 1. Morphology development of QFC
.Primary cells grew and differentiated from the
trypsinized quail embryo body muscles; (A) 1 d
after initial culturing; (B) 3 ds after culturing; (C)
90% confluent monolayer in about 5 ds after
culturing. Unstained cells. 200μm.
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Table 2: Culture media used to evaluate the growth potential of primary QFC cells
Medium

Cell viability and confluency

MEM
DMEM
RPMI

No. of days to reach confluent

+++

7

+

14

+/-

-

<10 6 viable

(+++): Excellent growth,
cells, <80% confluence
(+): Medium growth, 10 3 viable cell, 20-40% confluence
(+/-): Little growth, 10-102 viable cells
(-): No growth, no confluence

MEM media. QFC cells seeded at initial
density of 106 cell /ml and maintained with
complete growth MEM media exhibited
a high yield of viable cells (7x106 cell /
ml) and reached confluence within 7 days
(Table 2). Cells that were maintained with
DMEM complete growth media comprised
cell viability of 103 cell /ml and reached
confluence after 14 days. Cells that grew in
RPMI complete growth media showed low
viability of 102 cells /ml and no confluence
was achieved.

Optimum temperature
QFC cells maintained in MEM complete
growth media and seeded at initial density
of 106 cell /ml exhibited different growth
levels at different temperatures of 35°C,
37°C, and 39°C . The cells were able to
grow at temperature range from 35 to
39°C. However, maximum growth with
high viable cells (6.5 x106 cell /ml) was
obtained at 37°C after 7 days post- culture
(Figure 2).

Figure 2. Various incubation temperatures used to evaluate potential growth of QFC cells.
Optimum growth was achieved at 37°C while at 35°C, and 39°C the cells showed less
growth.
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Optimum serum concentration
QFC cells seeded at initial density of 106
cell /ml and maintained in MEM media
supplemented with different levels of
serum (5, 10, 15 and 20%), were exhibited
viable cell yield of 9x106 cell /ml on day
6th post- seeding at level 20% serum. Cells
maintained in media supplemented with
15 and 10% serum showed less in number
of viable cells yield (6 x106 and 5.5 x106
cell /ml respectively) at day 6th postseeding. Only 0.8 x105 cell /ml viable cells
obtained when cells maintained in media
supplemented with 5% FBS.
Microorganism detection
The medium was clear all the time
and no abnormalities were observed
under the microscope. As is shown by
the cytopathogenic evidence for virus
contamination was also negative. The
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results indicated that the QFC were free of
bacterial, fungal and viral contamination.
Chromosome number
In this experiment 100 representative
spreads at metaphase of passage 1 to 3
were observed under the microscope to
count the chromosome number of diploid
QFC, including the mean proportion of
diploid cells which was 78±1% (Figure 3).
Cytopathic effect (CPE)
Infected cells monolayer of QFC was
steadily became rounded and broken as
the virus proliferates to occupy extra cells
in culture. In the first and second passage,
the infectivity of both viruses (IB & ND)
were sluggish and not very clear as the
virus was just begin to adapt on cells.
Through the third passage, CPE was rapid
and changes have been recognized within

Figure 3. Chromosome analysis of primary quail fibroblast cells showing the chromosome
number distribution at passage P2 with model peak at 78
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Table 3: Virus titer determined by TCID50
Virus category and passage level

Virus titer TCID50/ml
IBv

NDv

1

4.5

2.5

2
3

6.5

3.5

7.4

4.7

Figure 4: Cytopathology produced by IBv. infection in quail fibroblast cells 48hrs
postinoculation.100μm.

Figure 5: Cytopathology produced by NDv. infection in quail fibroblast cells 72hrs
postinoculation. x 100μm.
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two days (in compare with the control). It
was characterized by rounding of cells,
failure of adhesion, vacuolization in cells,
clustering of infected cells (Figures 4 & 5).
TCID50
The infectivity titre of both viruses was
found to increase gradually from the 1st to
the 3rd passage. The TCID50 titer was 7.4
for IBv and 4.7 for NDv after 3 passages
(Table 3)
DISCUSSION
Quail embryonic fibroblasts (QFC) were
selected in this experiment as they offer
many advantages, such as high vitality,
easy access, and low probability of
bacterial and other contamination. QFCs
were successfully established from 40
embryo samples by adherent culture.
The biological and mor phological
characteristics may be altered and cells
may stop dividing by in vitro culture after
many passages, so a minimal number of
passages are recommended to protect the
cells against degeneration and death (Bai
et al., 2011). Morphological observation
indicated that the cells developing a
fibroblast-like appearance during the
primary and the first several passages of
trypsinized tissues. Due to their different
tolerance to trypsinization, the fibroblastslike cells detached from the flasks earlier
when digested with trypsin and adhered
again quickly after passage, (Rosenberg

M ALAYSIAN J OURNAL OF V ETERINARY R ESEARCH

etal., 1991). For this reason, a purified
fibroblast line could be obtained after 2-3
passages.
Infectious bronchitis (IB) and ND
virus, early described in 1930 (Schalk &
Hawn, 1931) continues to be main causes
of disease in poultry of all ages and types
in all parts of the world (Anon, 1991). The
disease is occurring in all countries with
a concentrated poultry industry, with the
occurrence of infection up to 100% in most
locations (Ignjatovic & Sapats, 2000).
Among the various media tested
were DMEM - Dulbecco’s Modified Eagle
Medium, Eagle’s minimum essential
medium (Eagle’s MEM), and Roswell Park
Memorial Institute (RPMI) medium. MEM
media was found to be the most suitable for
the attachment and proliferation of QFCs
cells. Several researchers have reported
the successful used of MEM to support
the growth of poultry cells (Lakra et al.,
2006; Hameed et al., 2006). However,
some primary cell lines required specific
culture medium designed specifically to
optimize growth during development of
the primary culture (Wang et al., 1995),
more than 80% of the cell lines established
after 1994 used MEM media.
The growth temperature range used
for QFC cells in this study was 30-39°C
with optimum growth at 37°C. These results
were consistent with other results reported
previously (Nicholson et al., 1987; Tong et
al., 1997, Kang et al., 2003; Hameed et al.,
2006). One of the advantages of cell lines
that grow over a wide temperature range is
their potential suitability for isolating wide
17
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range of pathogenic viruses (Nicholson et
al., 1987).
The growth rate of QFC cells increases
as the FBS concentration increased from
5% to 20%. However, a 10% concentration
of FBS also provided relatively good
growth and this is an advantage to be
recommended to maintain those cells
of QFC at low cost (Ye et al., 2006). In
addition, eliminating serum proteins,
often improves product quality and/or
cell growth. As Barnes and Sato (1980)
suggested in their strategies for optimizing
cell growth; the goal is sometimes not to
maximize cell growth rate, but rather to
optimize viability and growth condition,
whereas serum reduction is, almost useful
in meeting this goal.
The newly developed QFC primary
cell line was free from contaminating
microbes as detected by tests on special
media as described earlier by Hopert et
al., (1993).
The proportion of 2n = 78 cells were
98% as detected in 100 cells. Most poultry
chromosomes were very small ones, which
were easily lost in the preparation process
and by the interference of dye, rendering
the difficulty to count chromosome
number and to observe the morphology.
Therefore, time point and duration of
colchicine administration and low-osmotic
duration should be precisely controlled in
experiments and must be tightly controlled
within appropriate time (Ashraful, 2012).
The cytopathic effects (CPEs)
appeared after 72 hours of infection in
third passage and this observation was

also noticed by (Hopkins, 1974), but
slightly varied from findings of Mahgoub
et al. (2010) where the IBV and ND were
adapted to Vero cell line after the third
passage. The difference might be due to
the cell culture passage level of the virus
strains used or variation in sensitivity of
cell culture to different strains. The total
infectious titer at passage 3 was found to
be 107.4 and 104.7 TCID50/ml for IBv and
NDv respectively. These finding supports
the previous report by (Otsuki et al., 1979).

18

REFERENCES
1.

2.

3.

4.

5.

6.

7.

Alexander, D.J. 2003. Newcastle Disease, Other Avian
Paramyxoviruses, and Pneumovirus Infections. In:
Saif, Y.M. Diseases of Poultry (11th Edition) Blackwell
Publishing Company, Iowa State Press. Iowa, USA pp 63
Anon, 1991. proceedings of the Second International
Symposium on Infectious Bronchitis, Rouischholzhausen
Germany Capua, I., Minta, Z., Karpinska, E., Mawditt,
K., Britton, P., Cavanagh, D. and Gough, R.E. 1999.
Co-circulation of four types of infectious bronchitis
virus (793/B, 624/I, B1648 and Massachusetts). Avian
Pathology., 28: 587 -593.
Ashraful K. M. 2012. Karyotypic analysis of chickens
and other birds. Journal of Biotechnology (GARJB) Vol.
1(2) pp. 023-032
Barnes, D. and Sato, G.H. 1980. Methods for the growth
of cells in serum free medium. Analysis Biochemistry102:
255-270.
Bai,C., D. Wang, C. Li, D. Jin, C. Li, W. Guan and Y. Ma.
2011. Establishment and biological characteristics of a
Jingning chicken embryonic fibroblast bank. European
Journal of Histochemistry; volume 55:e4:19-23.
Capua, 1., Minta, Z. Karpinska, E., Mawditt, K., Britton,
P., Cavan agh, D. and Gough, R. E 1999. Co- Circulation
of four types of infectious bronchitis virus (793/B, 624/1,
B 1648 and Massachusetts) Avian Pathology, 28, 587
– 592.
Cavanagh, D. and Naqi, S.A. 1997. Infectious bronchitis.
In B.W. Calnek, H.J. Barnes, C.W. Bearol, L.R. Mc
Daugald, and Y.M. Saif (eds). Disease of Poultry 10th.
pp 511-526. Ed. Lawa University Press.

V OLUME 6 N O . 1 J ANUARY 2015
8.

Cavanagh, D., Mawditt, K., Sharma, M., Drury, S.E.,
Ainsworth, H.L., Britton, P. and Gough, R.E. 2001.
Detection of a coronavirus from turkey poults in Europe
genetically related to infectious bronchitis virus of
chickens. Avian Pathology., 30: 365 -378.
9.
Cook, J.K.A., Orbell, S.J., Woods, M.A. and Huggins,
M.B. 1999. Breadth of protection of respiratory tract
provided by different liveattenuated infectious bronchitis
vaccines against challenge with infectious bronchitis
viruses of heterologous serotypes. Avian Pathology., 28:
477 -/485
10. Costa UM, Reischak D, da Silva J, Ravazzolo AP. 2005.
Establishment and partial characterization of an ovine
synovial membrane cell line obtained by transformation
with Simian Virus 40 T antigen. J Virol Methods; 128:728.
11. De Wit, J.J., Mekkes, D.R., Kouwenhoven, B. and
Verheiden, J.H.M. 1997. Sensitivity and specificity of
serological tests for infectious bronchitis virus antibodies
in broilers. Avian Pathology., 26 : 105 -/118.
12. Dhinakar, G.R. and Jones, R.C. 1997. Infectious
bronchitis virus: immunopathogenesis of infection in
the chicken. Avian Pathology., 26: 677 -706.
13. Gelb, J., Jr. and Jackwood, M.K. 1998. Infectious
bronchitis. In: A laboratory manual for the Isolation
and Identification of Avian Pathogens. 4th Ed. AAAP:
pp 169-174.
14. Doyle A, Morris C & Mowles JM. 1990. Quality control.
In Doyle a, Hay r & Kirsop BE (eds), Animal cells, living
resources for biotechnology. Cambridge University
Press, Cambridge: 81-100.
15. Guan WJ, Ma YH, Zhou XY, Liu GL & Liu XD 2005. The
Establishment of Fibroblast Cell Line and Its Biological
Characteristic Research in Taihang Black Goat. Scientia
Agricultura Sinica, 7:25-33.
16. Hameed, A.S., Parameswaran, V., Shukla, R.I.S., Singh,
B., Thirunavukkarasu, A.R. and Bhonde, R.R. (2006).
Establishment and characterization of India’s fi rst marine
fish cell line (SISK) from the kidney of sea bass (Lates
calcarifer). Aquaculture 25: 92–103.
17. Hay R.I., (1992). Cell li ne preser vat ion a nd
characterization. In: Animal Cell Culture: A Practical
Approach (2nd ed). Freshney R.I. pp. (104–135), Oxford
University Press, ISBN 0199637962,Oxford.
18. Hopert, A., Upoff, C.C., Wirth, M., Hauser, H. and
Drexler, H.G. (1993). Specificity and sensitivity of
polymerase chain reaction (PCR) in comparison
with other methods for the detection of mycoplasma
contamination in cell lines. Journal of Immunological
Methods 164: 91–100.
19. Hopkins, S.R. 1974. Serological comparisons of strains
of infectious bronchitis virus using plaque purified
isolates. Avian Diseases., 18: 231-239.
20. Ignjatovic, J. and Sapats, S. 2000. Avian infectious
bronchitis virus. Rev. Sci. Off. Int. Epiz. 19: 493-508.

M ALAYSIAN J OURNAL OF V ETERINARY R ESEARCH
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

Kang, M.S., O.h., M.J., Kim, Y.J., Kawai, K. and Jung,
S.J. (2003). Establishment and characterization of two
cell lines derived from flounder, Paralichthys olivaceus
(Temminck and Schlegel). Journal of Fish Diseases 26:
657–665.
Lak ra, W.S., Sivakumar, N., Goswami, M. and
Bhonde, R.R. (2006). Development of two cell culture
systems from Asian sea bass Lates calcarifer (Bloch).
Aquaculture Research 37(1): 18–24.
Mahgoub, KM., Bassiouni AA., Manal A, Afi fy., and
Nagwa, RS. 2010. The prevalence of infectious bronchitis
(IB) outbreaks in some chicken farms. I. Spotlight on the
status of IB outbreaks in some chicken flocks. Journal
American Science., 6(9): 57-70.
Nicholson, B.L., Danner, D.J. and Wu, J.L. (1987). Three
new continuous cell lines from marine fishes of Asia.
In vitro Cellular Developmental Biology 23: 199–204.
Office international des Epizootics (OIE) 1996. Avian
infectious bronchitis, chapter 3.6.6. In Manual of
standards for diagnostic test and vaccines, 3rd Ed. pp
539- 548. OIE, Paris.
Otsuki, K., Noro, K., Yamamoto, H. and Tsubokura,
M. 1979. Studies on avian bronchitis virus (IBV).
Propagation of IBV in several cultured cells. Archives
of Virology., 60: 115 -/122.
Reed, L.J. and Muench, H. 1938. A simple method for
estimating fi fty percent end points. American Journal
Hygiene., 27: 493-497.
Rosenberg, J.K.; Olson, N.O. 1991.Reovirus Infections
In: Disease of Poultry, Calnek, H.J.; Barnes, C.W.; Beard,
W.M.; Yoder, H.W. 9th edit. Iowa State Univ. Press,
Ames, p 639-647.
Schalk, A.F. and Hawn, M.C. 1931. An apparently
new respiratory disease of chicks. J. Am. Veterinary.
Medicine. Association., 78: 413-422.
Sun HJ, Bahk YY, Choi YR, Shim JH, Han SH & Lee JW.
2006. A proteomic analysis during serial subculture and
osteogenic differentiation of human mesenchymal stem
cell. Journal of Orthopaedic Research, 24:2059-2071.
Tong, S.L., Lee, H. and Miao, H.Z. (1997). The
establishment and par tial characterization of a
continuous fish cell line FG-9307 from the gill of flounder
Paralichthys olivaceus. Aquaculture 156: 327–333.
Wang, R., Neumann, N.F., Shen, Q., Belosevic, M. (1995).
Establishment and characterization of a macrophage
cell line from the goldfish. Fish Shellfi sh Immunology
5: 329–346
Wolf, K. and Quimby, M. C. (1976). Tissue Culture:
Methods and Applications (TCA) Manual, 2: 445.
Wu ,HM., GUAN WJ, LI H & MA YH (2008).
Establishment and characteristics of White Ear Lobe
Chicken embryo fibroblast line and expression of
six f luorescent proteins in the cells.Cell Biology
International, 32:1478-1485.

19

M ALAYSIAN J OURNAL OF V ETERINARY R ESEARCH
35.

Ye, H. Q., Chen, S. L., Sha, Z. X. and Xu, M. Y.
(2006). Development and characterization of cell lines
from heart, liver, spleen and head kidney of sea perch
Lateolabrax japonicus. Journal of Fish Biology 69:
115– 126.
36. Zhou XM, Ma YH, Guan WJ, Wen J & Li h. (2005).
Establishment and Characteristics of a Beijing Fatty
Chicken Embryo Fibroblast Cell Line. Xu Mu Shou Yi
Xue Bao, 36:209-215.

20

V OLUME 6 N O . 1 J ANUARY 2015
ACKNOWLEDGEMENTS. This research was supported
by the faculty of science, scientific research center, and the
viral references were kindly provided by Al-Kindee Com. in
Baghdad for viral vaccine production. The microbial tests were
demonstrated at bacteriology Lab/ Faculty of Science, Duhok
Univ. Quail embryonated chickens were kindly provided by
head Dept. of Animal production, Faculty of Agriculture,
Duhok Univ.

