
not seem to be of any help. Our results indi-
cate that the addition of trypsin is a require-
ment for the cultivation of SIV and that the
existing system of SIV cultivation (MDCK
cells with trypsin) should be continued until a
better method is discovered. 

INTRODUCTION
Influenza viruses are single-stranded, nega-
tive sense, segmented RNA viruses that
belong to the family O r t h o m y x o v i r i d a e.
Three types of influenza viruses (types A, B,
and C) have been described. Influenza A is a
broad host-range respiratory pathogen affect-
ing pigs, avians, equines, and humans and is
further classified into various subtypes as per
antigenic and genetic differences in its sur-
face glycoproteins. To date, 15 hemagglu-
tinin (HA) types and 9 neuraminidase (NA)
types have been described.1

Swine influenza virus (SIV) is a major
pathogen of swine respiratory disease and is
a leading cause of economic losses to pig
farmers throughout the world.2 The infection
is characterized by weight loss, anorexia,
rhinitis, nasal discharge, sneezing, and
coughing. Currently, 3 subtypes of SIV are
prevalent in the United States, namely
H1N1, H3N2, and H1N2.2 , 3 Early detection
and subtyping of SIV are essential to man-
aging this disease. The classical way of
detecting SIV is virus isolation from suspect
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ABSTRACT
Diagnosis of swine influenza virus (SIV)
involves virus isolation in embryonated
chicken eggs (ECE) and/or Madin-Darby
canine kidney (MDCK) cells with trypsin
added to the maintenance medium. Both
trypsin and diethylaminoethyl (DEAE) dex-
tran have been reported to enhance the
attachment, entry, and replication of a num-
ber of viruses. Similarly, centrifugation of
virus inoculum in shell vials has been found
to be useful in growing certain viruses. In
this study, we evaluated 8 different cell types
for the propagation of SIV with or without
the addition of trypsin or DEAE-dextran. In
addition, shell vial centrifugation was evalu-
ated to increase virus titers. The cell cultures
used were MDCK, porcine turbinate (PT),
swine testis (ST), St. Jude porcine lung
epithelial cells (SJPL), porcine kidney (PK),
feline kidney (CRFK), Vero, and horse stem
cells (H-1). None of the cell cultures support-
ed the growth of SIV with or without added
trypsin, except for MDCK cells with 0.15%
trypsin. The addition of DEAE-dextran did
not improve the growth of SIV in any cell
type. Similarly, shell vial centrifugation did
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pigs followed by hemagglutination-inhibi-
tion (HI) and neuraminidase (NA) assays
for subtyping. 

The standard method for isolation of
SIV is inoculation of 10- to 11-day old
embryonated chicken eggs (ECE).4 B e c a u s e
of the cumbersome nature of this method,
SIV isolation is now done in Madin-Darby
canine kidney (MDCK) cells using trypsin
as an additive.5 , 6 It has been known since
1975 that the addition of trypsin to culture
media stimulates the growth of influenza A
v i r u s e s .7 Recently Kessler et al.8 r e p o r t e d
the growth of influenza A and B viruses in
the absence of trypsin in serum-free media
MDCK cells. Clavijo et al.9 r e c o m m e n d e d
the use of both ECE and MDCK cells for
the growth of SIV in media containing
trypsin. Other studies in the past have indi-
cated that the addition of polycations, for
example, diethylaminoethyl (DEAE)-dex-
tran, and the use of shell vial centrifugation
may also increase the yield of many
v i r u s e s .1 0 – 1 5 We are not familiar with any
study in which the growth of SIV has been
evaluated in various cell lines, in the pres-
ence or absence of trypsin or DEAE-dex-
tran, and using shell vial centrifugation.
This study was therefore undertaken to ful-
fill this need. 

MATERIALS AND METHODS

Source of Samples
A total of 5 isolates of SIV obtained from
2000 to 2002 at the Minnesota Veterinary
Diagnostic Laboratory (St. Paul, MN, USA)
were used in all experiments. The samples
were isolated in MDCK cells, confirmed
positive by reverse transcriptase-polymerase
chain reaction (RT-PCR) and were stored at
–70˚C until further use. 

Cells and Media
The cell lines used were MDCK (National
Veterinary Services Laboratories, Ames, IA,
USA), St. Jude porcine lung epithelial
(SJPL), porcine turbinate (PT; ATCC
CRL#2528), Vero-M (ATCC CCL#81),
swine testicle (ST; ATCC CRL#1746),

porcine kidney (PK-15; ATCC CCL#33),
Crandell-Reese feline kidney (CRFK; ATCC
CCL#94), and horse stem cells (H-1). These
cells were grown in Eagle’s minimal essen-
tial medium containing 8% fetal bovine
serum, 1% essential amino acids, 1% sodium
pyruvate, 2% lactalbumin hydrolysate, 1.5%
4 - ( 2 - h y d r o x y e t h y l ) - 1 - p i p e r a z i n e e t h a n e s u l-
fonic acid (HEPES) buffer, penicillin (100
units/mL), streptomycin (100 µg/mL), and
fungizone (1 µg/mL).

Additives
Lyophilized trypsin (LS003740; Worthing-
ton Biochemical Co, Lakewood, NJ, USA)
was diluted in Hanks balanced salt solution
to prepare a 1% stock solution and stored at
–20˚C. A 1% stock solution of DEAE-dextran
was prepared (Sigma-Aldrich, St. Louis,
MO, USA) in distilled water followed by
autoclave sterilization and storing at 4˚C
until use.

Effect of Additives on Cell Viability
To determine the effect of trypsin and
DEAE-dextran on cell viability, all cell lines
were cultured in 24-well plates followed by
the addition of maintenance media contain-
ing 7 concentrations of trypsin (0%, 0.05%,
0.025%, 0.1%, 0.15%, 0.2%, and 0.25%) or
4 concentrations of DEAE-dextran (0%,
0.05%, 0.1%, and 0.2%) in duplicate wells.
The cells were incubated at 37˚C and
observed for signs of toxicity, such as float-
ing dead cells or peeling of monolayers up
to 3 days. The concentrations at which the
cells showed normal morphology were used
to determine the effect of additives on
growth of SIV.

Effect of Additives on Growth of SIV
All 5 isolates of SIV were inoculated in
duplicate in monolayers of cells prepared in
24-well plates with 1 well of each pair serv-
ing as a negative control (containing phos-
phate buffered saline instead of the virus).
Maintenance medium containing optimal
concentration of trypsin or DEAE-dextran
was added to 1 of the 2 virus-inoculated
wells. The second well served as trypsin or

125Intern J Appl Res Vet Med • Vol. 3, No. 2, 2005



DEAE-dextran control. The cells were incu-
bated at 37˚C and observed daily for cyto-
pathic effects (CPE). Two blind passages
were given. Six days after the second pas-
sage, cells were harvested and frozen and
thawed for HA titration. The experiments
were repeated 3 times and mean HA titers
of the harvested virus were determined.  

Effect of Shell Vial Centrifugation on
Virus Growth
T o determine the effect of shell vial centrifu-
gation on SIV growth, the method of Tahir
and Goyal1 6 was followed. Briefly, cells (1 ×
1 05/mL) were grown in a shell vial. The cells
were incubated at 37˚C until 80% confluen-
cy was achieved. The shell vials containing
each of the cells were inoculated with 0.2
mL of 1 of the 5 SIV isolates. The vials
were centrifuged at 700 x g for 60 min at
30˚C. The monolayers were washed twice
with HBSS followed by the addition of 0.5
mL maintenance medium to each vial. Mock
infected vials were included as negative con-
trols. Inoculated vials were incubated at
37˚C in a 5% CO2 atmosphere and examined
daily for virus-specific CPE. 

Hemagglutination Test
The HA test was performed as per the
method of Hierholzer et al.1 7

RESULTS
Effect of Additives
T h e cell lines exhibited variable tolerance to
trypsin and DEAE-dextran. The MDCK and
H-1 cells tolerated up to 0.2% trypsin, while
Vero, PK-15, and SJPL cells withstood
0.05% and CRFK and ST cells tolerated
only 0.025% trypsin. The PT cells were
highly susceptible to trypsin and did not
survive even for a short time at 0.025% con-
centration. The concentrations that did not
produce deleterious effects on cells were
used to assess the effect of trypsin on virus
growth. Trypsin and DEAE-dextran did not
show any effect on SIV growth in any of
the cell cultures, except the MDCK cells.
The latter cells showed CPE within 3 to 6

days postinfection in the presence of 0.15%
trypsin. All samples were blind passaged
twice but none showed CPE. In MDCK
cells the HA results demonstrated that SIV
was present only in MDCK. In addition, HA
titers in the presence of trypsin reached a
maximum of 1: 2048 (average titer, 1: 870)
while without trypsin the titers were 1: 4 to
1: 8 (average titer, 1:2.6). 

DEAE-dextran at a concentration of
0.1% and above created a false-positive
reading, as all cell lines inoculated with
virus isolates showed high HA titers (1:512
to 1:2048) at 0.1% and 0.2% concentrations.
However, 0.05% or 0% concentration of
DEAE-dextran showed no positive titer. The
false-positive behavior of DEAE-dextran at
concentrations at 0.1% and above was fur-
ther confirmed by observing the nonspecific
agglutination of red blood cells (RBCs) even
in the absence of any virus isolate. All nega-
tive controls (cells without virus) showed
agglutination of RBCs nonspecifically.

The SJPL cells were found to be
extremely slow growing compared with
other cell lines. PT was the least hardy of
the cell types, showing great difficulty in
surviving when exposed to minimal
amounts of trypsin (0.025%). SJPL, Vero,
PK-15, and CRFK were healthy and did not
demonstrate any difficulty in surviving at
0.025% to 0.05% trypsin. MDCK and H-1
were the hardiest cell lines and tolerated
high levels of trypsin up to 0.2%. 

Effect of Shell Vial Centrifugation
All cells showed signs of poor health within
3 days of incubation after shell vial centrifu-
gation. Of all the cell types, CRFK cells
appeared to survive the best. All mock-
infected control cells and virus-infected
cells were negative for HA, except for
MDCK and ST cells, which showed
extremely low (1:2 to 1:4) HA titers. 

DISCUSSION
The growth of SIV in vitro to high titers is
necessary so that vaccines against SIV can
be produced economically. In addition, iso-
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lation of influenza viruses from clinical
samples is important in surveillance and
pathogenesis studies. Due to the cumber-
some nature of ECE cultivation and contin-
ued use of only 1 cell line (MDCK) for in
v i t r o growth of SIV, we considered it neces-
sary to evaluate other cell culture systems
for the growth of SIV. 

Some of the cell lines (MRC-5, Vero,
ST, SJPL, PK, and BHK 21) used in this
study have been reported to grow influenza
A and B viruses with variable suc-
c e s s .7 – 9 , 1 4 , 1 8 – 2 2 MDCK with trypsin is consid-
ered to be better than amniotic cultivation of
influenza viruses.7 , 9 , 1 4 In a recent study
Clavijo et al.9 found ECE to be better than
MDCK and recommended that both ECE
and MDCK containing trypsin to be used
for SIV isolation. Vero cells were reported
to be the least sensitive for influenza A and
B viruses by Demidova et al.1 9 a n d
O r s t a v i k2 0 but Govorkova et al.21 found them
to be the most suitable hosts for these virus-
es. Orstavik2 0 demonstrated that addition of
trypsin to medium was essential for obtain-
ing high virus titers, but Kessler et al.8

obtained high titers of influenza viruses
even in the absence of trypsin. A new cell
line from porcine lung epithelium (St. Jude
porcine lung epithelial cell line; SJPL) has
been used to grow influenza A and B virus-
es and was found to be better than MDCK.2 2

In the present study, no cell lines other than
MDCK were successful in growing SIV
either in the presence or absence of trypsin. 

DEAE-dextran and shell vial centrifu-
gation have previously been shown to
increase the yield of many viruses. It is pos-
tulated that polycations such as DEAE-dex-
tran increase the nonspecific attachment of
virus to cells.1 0 , 1 2 – 1 5 , 2 3 The addition of DEAE-
dextran increased retrovirus growth by 3-
f o l d ,1 3 while a 17.5- to 37.5-fold increase
was seen in herpes virus growth.1 5 In the
present study, higher concentrations of
DEAE-dextran caused nonspecific aggluti-
nation of erythrocytes in the HA test even in
the absence of virus. In our study,  concen-
trations above 0.05% showed false-positive

readings, whereas wells that were inoculated
and maintained at lower concentrations of
DEAE-dextran gave no positive HA read-
ings, indicating the toxic nature of higher
DEAE concentrations. Similar results have
been reported by Kaplan et al.1 1 in which
concentration of 50 µg/mL was found to be
toxic to BHK 21 cells. Our results are not in
agreement with any of the previous studies
on herpes virus, retrovirus, encephalitis
viruses, enteroviruses and arbovirus-
e s .1 0 , 1 2 – 1 5 , 2 4 One of the reasons for the failure
of DEAE-dextran to support the growth of
SIV could be the highly unstable nature of
the influenza virus and requirement of a
specific cell surface receptor for attachment.
Polycations are reported to enhance the non-
specific binding of the virus to cell surface
m o l e c u l e s .2 5 Therefore, we conclude that
DEAE-dextran might be useful for other
viruses but not for the growth of SIV.  

Shell vial centrifugation was also inef-
fective because most of the cells were not
able to tolerate the centrifugation process.
Minimal positive results obtained with shell
vials do not support their use as a functional
SIV testing method. The results of this pre-
liminary study demonstrate that the current-
ly available MDCK cells with 0.15%
trypsin is a good host system for SIV.
Studies with a large number of SIV of dif-
ferent subtypes are needed to draw final
conclusions, and a search should continue
for an optimum cultivation system for SIV. 
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