
Human Influenza A Viruses: 

Rapid Plaque Assay in 
Hamster Kidney Cells 

Abstract. The production of focal 
necrosis in hamster kidney cells main- 
tained beneath an overlay of semisolid 

agar medium free of serum permits 
rapid, reproducible, quantitative assay 
for the three subtypes of influenza A 
viruses. Adaptation of virus to these 
cells was not required. A straight-line 
dose-response relationship was observed 
betweeen the numnber of plaques pro- 
duced and the relative concentration of 
virus. Specificity was demonstrated by 
quantitative neutlralization with immune 
serum. 

Generally, influenza type A viruses 
of human origin either cannot be prop- 
agated in mammalian or avian cells 
in vitro or else they grow only to low 
titer, with variable or slight cellular 
destruction (1, 2). Formation of easi- 
ly recognizable plaques, one important 
requisite for direct enumeration of in- 
fectious particles, has usually been in- 
duced by influenza virus strains previ- 
ously adapted in the egg or in vitro to 
the same host species in which focal 
cellular destruction could be observed. 
Such focal necrosis had been reported 
with human influenza viruses in cul- 
tures of fibroblasts, lung epithelium, or 
kidney epithelium from the chicken em- 
bryo (3) as well as in kidney cells 
from the monkey (4) and calf (5). 
However, influenza strains unadapted 
to renal cells from the Syrian hamster 
(Mesocricetus auratus) both grow in 
and extensively destroy these cells 

Table 1. Concentrations of infectious influ- 
enza virus particles (log0o per ml) measured 
in chicken embryos and in hamster kidney 
(HK) cell cultures under fluid and solid 
media. 

Infectious particles* Plaque- 
forming 

Influenza In HK units (in 
virus In eggs cells HK cells 
strain under under 

fluid agar) 

NWSt 8.34 6.34 6.97 

WS-,- 7.64 5.54 6.27 

FM-i- 8.14 7.14 7.00 

J/305-j 6.94 2.34 3.47 

NWS'. 8.64 5.34 6.95 

NWS? 8.64 7.14 7.25 

* Estimated (conversion factor from 50 percent 
infectivity titers 0.69). f Egg-passaged, 
allantoic fluid virus preparation. $ Cell cul- 
ture fluid preparation of egg-passaged virus that 
had been transferred two times in HIK cells. 
? Cell culture fluid preparation of virus trans- 
ferred six times in HK cells. 
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maintained in serum-free fluid medium 
(2). A plaque assay in hamster kid- 
ney cells therefore seemed attainable for 
use in studies of influenza viral replica- 
tion, pathogenesis, and epidemiology. 

Primary cultures of hamster kidney 
cells were prepared (2), and 5-ml por- 
tions of a 1/200 or 1/300 dilution 
(weight/volume) of trypsin-dispersed 
cells in medium were dispensed in soft- 
glass, screw-cap, tablet bottles. The 
medium was composed of Hanks bal- 
anced salt solution (6), 10- to 20- per- 
cent heated calf serum, 0.25 percent 
lactalbumin hydrolysate, and 100 units 
of penicillin and 100 /g of streptomy- 
cin per milliliter. Cellular layers, 18 
cm2 in area, were usable after incuba- 
tion at 37?C for 3 to 5 days. 

The four virus strains used belonged 
to the three immunologic subtypes of 
type A: A/WS, A/NWS, A1/FM-1, and 
A2/Japan/305; their histories and prep- 
aration have been described (2, 7). To 
infect hamster kidney cells, an influenza 
virus was diluted in GLB medium 
(composed of 1.0 percent gelatin and 0.5 
percent lactalbumin hydrolysate in 
Hanks solution, and containing penicil- 
lin and streptomycin), and 0.2 ml of 
diluted virus was added to sheets of 
washed cells. The inoculated cell cul- 
tures were placed in an incubator at 
37?C and rocked intermittently or con- 
tinuously to distribute the inoculum and 
moisten the cells. After 1 or 2 hours 
the agar medium was added, and the 
cultures were incubated again at 37?C. 
Kinetic studies of adsorption of NWS 
virus showed that more than 90 per- 
cent of virus in the inoculum was ad- 
sorbed to cells in 120 minutes. The de- 
struction of the cellular receptors for 
influenza virus by the specific enzyme 
obtained from Cholera vibrio adversely 
affected adsorption of virus, even when 
the receptor-destroying enzyme was 
added to cells 1 hour after virus adsorp- 
tion had begun. 

Serum was omitted from the semi- 
solid medium used since it repressed 
or delayed the cytopathic effects of in- 
fluenza virus (2, 8). The integrity of 
cellular layers could be maintained un- 
der solid medium containing 1.5 per- 
cent agar. However, in the absence of 
serum, these cells tolerated staining 
with neutral red very poorly even when 

they were kept in the dark to obviate 
possibly lethal photosensitization. Stain- 

ing with neutral red could be used for 
the isolation of virus clones but was 

unsatisfactory as a routine measure. 
Therefore, the more advantageous 

Fig. 1. Plaques produced by influenza A 
viruses as allantoic fluid preparations in 
hamster kidney cells under semisolid agar. 
Cells were stained with crystal violet 42 
to 48 hours after infection (X 1). 1, 
A/NWS virus, 10-5' dilution of virus on 
left, 10-4 7 on right. 2, A,/FM-1 virus, 
10-50 dilution of virus on left, 10-4? on 
right. 3, A2/Japan/305 virus 10-2?' dilu- 
tion of virus on left, 10-' on right. 
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Fig. 2. Dose-response relationship between 
number of plaques produced by NWS virus 
in hamster kidney cell cultures and the 
relative concentration of virus. 
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method of Holland and McLaren 
(9) was used. After the semisolid agar 
medium was gently decanted, the cells 
were fixed and stained for plaque counts 
by adding 0.5 percent crystal violet solu- 
tion in 20 percent aqueous ethanol. 
The semisolid medium contained 1 per- 
cent gelatin, 0.5 percent lactalbumin 
hydrolysate, 0.1 percent yeast extract, 
100 units of penicillin per milliliter, 
100 ,g of streptomycin per milliliter, 
sufficient molten Bacto-agar (Difco) to 
make its final concentration 0.5 percent, 
and enough 1.4 percent NaHCOs so that 
the final concentration was 4mM (10). 

Figure 1 shows virus plaques pro- 
duced in 2 days. Strain NWS produced 
the clearest plaques, which measured 2 
to 4 mm in diameter. Strain FM-1 pro- 
duced clear 1- to 2-mm plaques, where- 
as WS and Japan/305 produced similar 
but somewhat less distinct plaques. 
Comet-like plaques measuring 0.5 or 1 
by 4 or 5 mm sometimes occurred. Vi- 
rus plaques had microscopically irregu- 
lar borders. In central areas of plaques, 
scattered, viable cells were sometimes 
seen and appeared to be either in vari- 
ous stages of membrane retraction or 
completely unaffected. Plaques were 
produced as readily by virus strains that 
had undergone many passages as by 
those that had no more than two pas- 
sages since isolation from man. Forma- 
tion of plaques was more than 90 per- 
cent complete by the end of day 2, 
although their size and clarity increased 
on day 3. 

To help establish the validity of this 
assay, and its relationship to other 
means of measurement, the numbers of 
influenza virus particles infectious for 
the allantois of chicken embryos were 
compared with those for hamster 
kidney cells. Table 1 shows that infec- 
tivity measured in hamster kidney cells 
was somewhat lower than that measur- 
able in chicken embryos even for virus 
with limited passage in hamster cells. 
Inasmuch as these strains of virus had 
either been isolated in eggs or had 
been serially propagated in them, one 
possible explanation for these disparities 
is that selection adapted these virus 
populations to grow in chicken em- 
bryos. Titers of infectious particles by 
plaque assay were similar to or inex- 
plicably higher than those in tube cul- 
tures. There is a straight-line relation- 
ship between the relative concentration 
of influenza virus particles infectious 
for hamster kidney cells and the num- 
ber of plaques (Figs. 1 and 2). Whether 
the fate of the particles that are non- 
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Table 2. Comparison of virus neutralization tests performed by plaque-reduction method and 
by abolition of infectivity for eggs and tube cell cultures. 

Plaque number* Cultures destroyed? Eggs infectedl 
Serum 60 PFU vs. 80 TCID50 vs. 50 EID,5 vs. 

dilution 
NWS-rst nrst NWS-rs nrs NWS-rs nrs 

1/9 0 30 0/3 3/3 0/5 5/5 
1/27 0 28 0/3 3/3 0/5 5/5 
1/81 0 33 0/3 3/3 0/5 
1/243 0 0/3 0/5 
1/729 4 0/3 4/5 
1/2187 8 3/3 4/5 
1/6561 24 3/3 5/5 
* Average of counts in three cultures of hamster kidney cells. t Rabbit serum containing antibody 
against NSW virus. I Antibody-free, normal rabbit serum. ? Numerator is the number of hamster 
kidney tube cultures destroyed; denominator is the number inoculated. 1| Numerator is the number 
of eggs yielding hemagglutinin; denominator is the number inoculated. 

infectious for a heterologous species 
system depends upon failure to be ad- 
sorbed to cells, ineffective reception and 
penetration into cells, or unfavorable in- 
tracellular milieu is still not known. 

Specific antibody reduced the plaque 
count (Table 2). Dilutions of serum, 
heated at 60?C for 20 minutes, were 
mixed with equal volumes of virus di- 
luted appropriately in GLB medium, 
kept at 22? to 24?C for 1 hour, and 
added to cells (0.2 ml for each 
18-cm2 layer) which were incu- 
bated at 37?C for 1 hour. The inocu- 
lated cells were then covered with semi- 
solid agar medium and incubated at 
37?C. Within 2 days the plaques were 
counted, and the antibody concentra- 
tion was determined. Comparison with 
one other type of direct test in tube cul- 
tures of hamster kidney cells, requiring 
7 to 10 days for completion, or with 
an indirect test in embryonated eggs, 
for hemagglutinin production after 2 
days, demonstrated that the method 
utilizing an endpoint where the plaque 
reduction was more than or equal to 
50 percent appeared somewhat more 
sensitive. Addition of the rabbit anti- 
serum to the semisolid agar shortly af- 
ter it was overlaid prevented develop- 
ment of NWS virus plaques where- 
as antibody-free rabbit serum did not 
do so. 

Cell culture systems which can sus- 
tain growth of members of the Myxovi- 
rus influenzae group without overt cel- 
lular destruction usually require in- 
direct detection of virus, for example, by 
hemadsorption (11), since these viruses 
may multiply even in cells that look 
completely normal or healthy (12). 
Why kidney cells of the Syrian hamster 
are destroyed by influenza viruses with- 
out prior adaptation to this species re- 
mains undetermined. That these viruses 
can cause focal necrosis of hamster- 
kidney cells under semisolid medium 

provides a rapid means for quantitative 
measurement of infectious virus par- 
ticles and of corresponding neutralizing 
antibody (13). 
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