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the monkey may be a useful experimental 
animal in the broad study of influenza, par- 
ticularly in the present day development of 
potential antiviral agents. 
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A cell line derived from human aorta con- 
taining atheromatous plaques (A-39) has re- 
cently been shown to support the growth of a 
large number of viruses( 1). During the past 
2 years, we have used these cells extensively 
in the isolation and propagation of rhinovi- 
ruses ( 2 )  and they have proved a useful addi- 
tion to WI-38(3) and human embryonic kid- 
ney cells (4) . 

Materials and methods. All materials and 
methods employed in this study have been 
described (5). 

Results. While studying upper respiratory 
tract infections in a population of college stu- 
dents, 19 rhinoviruses were isolated from 111 
specimens between October 8, 1963 and April 
30, 1964 (period l ) ,  51 rhinoviruses were 
isolated from 107 specimens between Septem- 
ber 29, 1964 and December 31, 1964 (period 
2), and 22 rhinoviruses were isolated from 
55 specimens between January 1, 1965 and 
March 6, 1965 (period 3). The isolates were 
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shown to be RNA viruses which were acid- 
labile a t  pH 3.0 and ether-stable, thus pos- 
sessing the properties of a rhinovirus (4). 
Those that were viewed by electron micros- 
copy measured 18-23 mp. 

During period 1 (Table I) 18 of the 19 
rhinoviruses were isolated in A-39, while 11 
of 19 were isolated in WI-38, and only 1 was 
detected in HEK. Seven of these strains were 
isolated in A-39 alone but later grew well in 
WI-38, while 1 strain was isolated only in 
WI-38 but then grew well in A-39. 

During period 2, 17 of 51 rhinovirus 
strains were isolated in A-39, 24 of 51 were 
isolated in WI-38, and 43 of 51 were de- 
tected in HEK. Of these, none were isolated 
in aorta alone, while 4 were isolated in WI-38 
alone, and 23 were isolated only in HEK. 

During period 3, 17 of 22 rhinovirus 
strains were isolated in A-39 and WI-38, 
while only 9 were isolated in HEK. Three of 
these strains were isolated in A-39 alone, 4 
were isolated in WI-38 alone, and one was 
detected only in HEK. Isolations in more 
than one cell line were common during the 3 
study periods as can be seen in Table I. I t  
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TABLE I. RhinovirusIsolationail in 3 Cell Lines. 

Period 1* : 19 isolationa Period 2 t : 51 isolations Period 3$ : 22 isolations 

Total No. of isolations in 
each cell line 

Aorta 18 
WI-38 
HEK 

11 
1 

Isolations in 1 cell line 
alono 

Aorta 7 
WI-38 1 
HEK 0 

Isolations in more than 
1 cell line 

Aorta and WI-38 10 
Aorta and H E K  1 
WI-38 and HEK 0 
Aorta, WI-38, and H E K  0 

Total No. of isolations in 
each cell line 

Aorta 17 
WI-38 24 
H E K  43 

Isolationa in 1 cell line 
alone 

Aorta 0 
WI-38 4 
H E K  23 

Isolations in mo,re than 
1 cell line 

Aorta and WI-38 4 
Aorta and HER 4 
WI-38 and H E R  7 
Aorta, WI-38, and HEK 9 

Total No. of isolations in 
each cell line 

Aorta 17 
1 7  WI-38 

H E R  9 

Isolations in 1 cell line 
alone 

Aorta 3 
WI-38 4 
HEK 1 

Isolations in  more than 
1 cell line 

Aorta and WI-38 6 
Aorta and HEK 1 
WI-38 and H E R  0 
Aorta, WI-38 and HEK 7 

* Oct 8, 1963 to April 30, 1964. 
t Sept 29, 1964 to Dee 31, 1964. 
$ Jan 1, 1965 to March 6, 1965. 

was repeatedly noted throughout the study 
that isolations made in any of the 3 cell lines 
could be readily adapted to grow in both 
A-39 and WI-38 cells. 

To compare further the A-39 and WI-38 
cells, 7 rhinovirus strains representing 5 dis- 
tinct serotypes that had been isolated in both 
A-39 and WI-38 during the 1963-64 winter 
in Houston were reisolated in both cell lines 
from the original nasopharyngeal swabs after 
6 months storage at -30°C. Strains isolated 
in A-39 were (a) passed 4 times in A-39 and 
then titered in A-39 and WI-38 and (b) 
passed twice in A-39, twice in WI-38, and 
then titered in A-39 and WI-38. In each in- 
stance, titers in both cell lines were compa- 

TABLE 11. Comparison of Infectivity Titers 
Winter in Howton in Both 

I 

rable (Table 11). Strains isolated in WI-38 
were (a) passed 4 times in WI-38 and then 
titered in A-39 and WI-38 and (b)  passed 
twice in WI-38, twice in A-39, and then ti- 
tered in A-39 and WI-38. Again titers in each 
cell line were comparable. Titers as high as 

l O 5 a 8  TCD50 per ml were noted in A-39. 
Rhinovirus strains could be passed without 
adaptation from one cell line to the other 
without significant loss of infectivity titer. 

In  order to be certain that sensitivity to 
rhinoviruses was not peculiar to one aorta 
cell line (A-39), 5 different cell lines derived 
from different human aortas were tested with 
3 distinct rhinovirus serotypes, Baylor 1 and 
the Salisbury serotypes HGP and 16/60. All 

of 7 Rhinovirus Strains Isolated During 1963-64 
A-39 and WI-38 Cell Lines.* 

A-394 A-39, WI-38, WI-382 A-39, WI-38, 
titered in titered in titered in titered in 

Serotypt! Strain A-39 WI-38 A-39 WI-38 A-39 WI-38 A-39 WI-38 
~~ 

Bazlor 2 C. Ma. 3.3 3.3 3.5 3.3 3.5 3.5 3.3 3.3 
2 H. Cr. 4.0 3.3 4.0 3.5 4.3 4.0 3.3 4.0 

” 2 T. Mo. 3.8 4.3 2.5 3.8 4.5 4.5 3.8 3.8 
Chic o T. McH. 4.3 4.3 4.5 4.8 4.8 3.8 4.5 4.3 

5.0 4.5 4.8 4.8 4.8 4.3 
17% 

Chicago D. Mi. 4.5 3.5 
147H 

NIH 1200 W. Pa. 5.0 3.5 5.0 3.8 4.8 4.8 4.8 3.8 
” 1734 M.Co. 4.5 4.5 5.3 4.5 4.8 4.3 4.8 4.3 

* Subscripts indicate number of passages in ewb cell line. Infectivity titer e x p r w  as log,, 
TGDW per pll, 
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TABLE 111. Comparison of 5 Aorta Cell Lines 
Using 3 Rhinovirus Serotypw. 

Rhinovirus A-14 A-27 A-32 A-39 A-61 

Baylor 1 4.8% 4.5 5.5 4.8 5.0 
HGP 4.8 4.8 5.2 4.8 4.8 
16/60 2.8 4.8 5.5 3.8 4.5 

* Titer expressed as loglo TCD, per ml. 

supported the growth of these serotypes, al- 
though A-32 appeared to be the most sensi- 
tive of the lines tested (Table 111). 

The cytopathogenic effect (CPE) produced 
in A-39 by rhinoviruses is easily discernible. 
The healthy monolayer after 2 to 5 days 
shows focal areas of involvement with charac- 
teristic large swollen cells which often assume 
the shape of dendrites seen in WI-38 cells. 
Later, CPE spreads to involve almost the 
entire cell monolayer. The cells may be kept 
for long periods (up to 50 days when rolled 
at 33OC) and retain their normal morphology. 

Discussion. In  studies carried out during 
the past 2 years, the A-39 cells have proved 
very useful for both isolation and propaga- 
tion of rhinoviruses. Cell sensitivity seems 
to be similar to that of WI-38, although A-39 
may be more sensitive for some strains. Vi- 
rus titers are comparable in WI-38 and A-39 
cells and viruses isolated in one of these cell 
lines grow readily in the other cell line. Cell 
lines of human embryonic lung vary greatly 
in their sensitivity to rhinoviruses, with WI- 
38 being one of the most sensitive. However, 
the 5 aorta cell lines studied all appear to be 
sensitive to rhinoviruses. Since in a given 
area and even in a single season, different 
rhinovirus serotypes occur( 2,6-9) there seems 
to be a need for multiple cell lines with broad 
strain sensitivity in order to obtain maximum 
isolations. Cell lines of human aorta should 
be a useful addition to WI-38, and human 

kidney in rhinovirus investigations. Using 
these 3 lines, rhinovirus recovery rate in 3 
epidemic periods ranged from 17 to 45% of 
patients with common colds, which are higher 
rates than those obtained previously. 

Summary. Cell lines derived from human 
aorta have proved useful for the isolation and 
propagation of rhinoviruses. In the A-39 cell 
line, which has been used most often, viruses 
reach infectivity titers of up to l W 6  TCDBO 
per ml and produce readily discernible cyto- 
pathic effects. The cell line is easily grown 
and may be maintained for long periods. It 
proved to be more sensitive to the rhinovirus 
serotypes prevalent during the 1963-64 win- 
ter than the presently employed WI-38 or hu- 
man embryonic kidney cells. During the fall 
of 1964, the prevalent rhinoviruses were se- 
lectively isolated on human kidney cells, but 
during the current winter season aorta and 
WI-38 cell lines were again more sensitive to 
the new rhinoviruses in the community. 
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