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Although a number of investigators have
reported plaque production by certain strains
of influenza viruses(1-6) plaque assays
with these viruses in general have not been
very successful. Simpson and Hirst(5) for
example, examined a number of influenza A
and B strains for ability to form plaques and
most of these were either negative or formed
faint plaques. It was recently reported from
this laboratory(7) that plaque development
and morphology for EMC virus was marked-
ly influenced by the sulfated polysaccharide
which is an inherent component of the agar
used in most procedures involving the plaque
technique. Tt has subsequently been shown
that this polyanion is active against a num-
ber of different animal viruses(8,9,10). The
studies reported here were undertaken to de-
termine the influence of sulfated polysaccha-
rides on plaque production by a strain of in-
fluenza A2 and a recently isolated B strain,
utilizing the procedure for removal of the in-
hibitor with polycations(11).

Materials and methods. Viruses. The in-
fluenza A2 and B strains used in this study
were isolated by Dr. Robert M. Chanock in
rhesus monkey kidney cultures (MK) and
were received as the third passage in these

cells, without cultivation in other hosts. Up
to 4 additional passages were made in this
laboratory in MK cultures and these virus
stocks were used throughout these experi-
ments. Virus titers ranged from 10°% to 107
pfu/ml when plated under conditions de-
scribed below.

Cell cultures and media. MK cultures were
prepared by a modification of Youngner’s
trypsinization procedure(12) and grown in
60 mm Petri plates in a medium of Earle’s
salt solution, 5% fetal bovine serum, and
0.5% lactalbumin hydrolysate. The cultures
were grown in a humidified incubator con-
taining 4% COz. The overlay medium for
plaque assays consisted of the following:
0.1% yeast extract (Difco), 0.1% bovine
albumin  (Armour Pharmaceutical Co.),
Earle’s salt solution, 1% fetal bovine serum,
and 0.9% Noble agar (Difco). DEAE-dex-
tran (Pharmacia, Uppsala, Sweden) was dis-
solved in sterile distilled water at a concen-
tration of 10 mg/ml and the desired concen-
trations were added to melted 1.8% agar at
44°C. An equal volume of 2 X concentrated
nutrient medium was then added to the agar
solution prior to pouring into inoculated
plates. For staining of cultures, the same
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TABLE I. Effeet of DEAE-Dextran on Influenza
A2 and B Plaque Formation.

DEAE-dextran

Virus (mg/mlagar) Plaque count®

Influenza A2 0 7
23
28
53

22
28
31
63

Sow

(=

Influenza B

oo

1

* Avg of 2 plates after 8 days’ incubation.

overlay medium (without DEAE-dextran)
containing 1/40,000 neutral red was added
on the 5th day.

Results. Effect of DEAE-dextran on influ-
enza A2 and B plaque formation. Attempts
to demonstrate plaque formation with both
strains of influenza viruses without addition
of DEAE-dextran resulted in highly variable
and inconsistent results. After incubation
periods of 6 or more days, faint, diffuse
plaques could be observed when plates were
held up to a light source. Addition of DEAE-
dextran to the agar at varying concentrations
resulted in more rapid and clearer plaque
development as well as an increase in counts.
These results are summarized in Table I. An
optimal DEAE-dextran concentration of 1.0
mg/ml agar was necessary to achieve the
highest counts as well as clearest plaques,
and higher concentrations of DEAE-dextran
did not improve plaque morphology or in-
crease the number of plaques. A difference
in type of plaques was noted with the 2 vi-
ruses. The B strain produced clear plaques
with completely lysed cells within the plaque
area, while plaques of the A2 strain were fre-
quently turbid due to a mixture of living and
dead cells. A slight difference in the diam-
eter of the plaques was also noted, the A2
strain usually averaging 4-6 mm at 6 days,
while the B strain measured from 6-8 mm.
Both are illustrated in Fig. 1. DEAE-dex-
tran was used at a concentration of 1 mg/ml
agar in all the experiments described below
where plaque assays were employed.

Effect of sulfated polysaccharides on he-
magglutination and infectivity. The experi-
ments described above clearly showed that
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the sulfated polysaccharide influenced the
growth of both viruses and therefore their
plaque development. Attempts were made to
determine the mechanism involved in inhibi-
tion of viral growth. In previous studies
with EMC virus(7), it was found that the
acid polysaccharide obtained from agar in-
hibited the hemagglutination of sheep eryth-
rocytes by EMC virus. Sulfated agar poly-
saccharide was prepared as previously de-
scribed(7) and hemagglutination-inhibition
tests were performed as follows: serial 2-fold
dilutions of virus were made in phosphate
buffered saline (pH 7.2) to which an equal
volume of 0.5% guinea pig erythrocytes sus-
pended in 100 pg/ml of the agar polysac-
charide was added. The test was read after
90 minutes’ incubation at room temperature.
With both strains of influenza viruses, the
hemagglutination reaction was unaffected by
the sulfated polysaccharide, and the hemag-
glutination titer was the same as that of con-
trols without the inhibitor.

To test whether there was direct inactiva-
tion of virus by the sulfated polysaccharide,
between 10% to 10% pfu of each virus was
mixed with 2 mg/ml of inhibitor dissolved
in phosphate buffered saline, pH 7.2. Con-
trols consisted of the same concentration of
virus mixed with buffer. After 1 hour incu-
bation at room temperature, the mixtures
were diluted and assayed for infectivity. The
infectivity of both viruses mixed with the
inhibitor remained the same as the controls.
These experiments indicated that the virus
was not irreversibly inactivated by the in-
hibitor.

Inhibition of adsorption of virus to MK

FIG. 1. Diffuse plaques of influenza A2 (left)
and influenza B (right), DEAE-dextran added at
1 mg/ml agar. Photographed at 9 days.
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FIG. 2. Inhibition of adsorption of influenza A2

and B viruses by sulfated agar polysaccharide.

® — adsorption in presence of 80 ug inhibi-

[ ]
tor. @----- ® — normal adsorption curve without
inhibitor.

cells. Experiments to determine the effect of
the sulfated polysaccharide on adsorption of
virus to cells was conducted in the following
manner: MK cultures in 60 mm petri plates
were inoculated with a mixture of approxi-
mately 50 pfu of virus and 80 ug of the in-
hibitor. Control plates received a mixture of
the same amount of virus and phosphate buf-
fered saline, pH 7.2. At intervals up to 4
hours, 2 plates from each group were washed
3 times to remove unadsorbed virus and in-
hibitor, then overlay medium was added.
Plaques were counted on the 6th day and the
results are shown in Fig. 2. The adsorption
of both the influenza A2 and B viruses was
inhibited by the sulfated polysaccharide, the
degree of inhibition at 3 hours being greater
with the B strain (67%) than with the A2
strain (55%).

Discussion. In view of previous reports on
inhibition of influenza viruses by acidic poly-
mers(13,14), it is not surprising that the sul-
fated agar polysaccharide would influence
plaque formation by these viruses. The stud-
ies by Gerber et al(14) are especially perti-
nent here, since these workers found a pro-
tective effect against influenza B and mumps
virus in embryonated eggs treated with ex-
tracts from Gelidium cartilagenium, the usual
source of commercial agar, as well as from
carrageenan, From their extraction proce-
dures, it appears likely that their active
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material resided in the sulfated polysaccha-
ride. The sulfate content of carrageenan, for
example, has been reported to be between
23 to 33%(15,16). In the experiments of
Gerber et al, no effect was noted with 2 in-
fluenza A strains as well as with Newcastle
disease virus. However, their criterion of
effectiveness depended on either complete
survival of the infected embryos or an in-
crease in survival times.

In contrast to previously described muco-
polysaccharide or mucoprotein inhibitors of
influenza viruses, no inhibition of hemagglu-
tination was observed nor was infectivity af-
fected by the sulfated polysaccharide. These
results are similar to those found by Gerber
et al(14). Whether interference with adsorp-
tion is the sole mechanism of inhibition re-
mains to be determined. In addition, it
should be stated that the inhibition of ad-
sorption could have been due to an interac-
tion of the inhibitor with either cell receptors
or virus.

Whether the observations reported here
are applicable to other strains of influenza or
to other myxoviruses remain to be deter-
mined. Strains which have already been re-
ported to produce plaques in untreated agar
overlay may be resistant to the effects of the
inhibitor. It is also conceivable that inhibi-
tor-resistant mutants may be developed by
growing the virus in the presence of inhibi-
tor; development of resistance to agar poly-
saccharide by a strain of influenza B virus
has been reported by Gerber and Adams(17).

Summary. 1. The inhibitory effect of the
sulfated agar polysaccharide on strains of
influenza A2 and B viruses was investigated.
Complexing of the inhibitor from agar
through the use of DEAE-dextran resulted in
an improvement in plaque development as
well as an increase in number of plaques
formed. An optimum DEAE-dextran concen-
tration of 1.0 mg/ml agar was found. 2. The
inhibitor did not inactivate virus and had no
effect on the hemagglutinating activity of
both viruses, but it did interfere with virus
adsorption to MK monolayers.
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Duck hepatitis has been the subject of
periodic investigations since it was first de-
scribed by Levine and Fabricant(1). The
virus of duck hepatitis (DHV) has been
successfully propagated in tissue cultures but
cytopathic effects (CPE) associated with its
multiplication in tissue cultures have not
been described(2-4). This report describes
the cellular alterations associated with the
growth of DHV in duck embryo kidney
(DEK) cell cultures.

Materials and methods. Virus. Duck hepa-
titis virus strain R835952(5) which had un-
dergone 18 serial passages in embryonating
chicken eggs, 16 passages in chicken embryo
liver cells, 4 passages in duck embryo liver
cells and 24 passages in duck embryo kidney
cells was used.

A twenty-fourth DEK passage cell culture
medium with a titer of 105 chicken embryo
infective doses 50 per 0.1 ml served as the
source of virus.

Tissue culture. Primary monolayer cul-

* This project supported by grants from NIH and
Illinois Agri. Exp. Station.

tures were obtained by placing trypsin-dis-
persed DEK cells in 15 X 175 mm rubber
stoppered glass tubes containing 11 X 22
mm glass cover slips. Tubes were incubaated
in a slanted position at 37°C. The growth
medium consisted of 79.5% Hanks’ balanced
salt solution, 0.5% lactalbumin hydrolysate,
20% sheep serum, and 100 units of penicillin
and 100 pg of streptomycin per ml. The
same medium except containing 5% instead
of 20% sheep serum was used for mainte-
nance of the cultures. When a confluent cell
sheet had formed, usually in 3 to 4 days,
cultures were inoculated with virus.

Cytologic techniques. For determination
of cellular alterations in infected monolayer
cultures, cover slips from tubes containing
infective and noninfective fluids were re-
moved at 4, 8, 12, 16, 24, 36, 48, 72 and 96
hours after inoculation and were fixed in
absolute methanol. Cells on cover slips were
stained by the May-Griinwald-Giemsa tech-
nique and examined microscopically for evi-
dence of CPE.

Results. Uninoculated control cultures con-



