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Cultivation of Type 2 Dengue Virus in Rhesus Kidney Tissue Culture." 
(226%) 

SUSUMU HOTTA~ AND CHARLES A. EVANS. 
Department of Microbiology, University of Washington, Seattle, Wash. 

I t  was reported(1) thak mouse-adapted 
type 1 dengue virus of the Mochizuki and Ha.- 
waiian strains multiplied in t ryps in id  rhems 
kidney tissue cultures, and produced a cyto- 
pathogenic effed. I t  was also demonstrated 
that degenerahion of inifected cells was inhib- 
it& by type specific anbi-hgue immune rab- 
bit serum, thus making possible virus neutm- 
liizatbn tests in tissue culture. In the present 
paper, experiments are reported in which type 
2 dengue virus was cultivated in tissue cul- 
ture. 

Materials and methods. Tissue cultures 
employed consisted sf trypsinized rhesvs kid- 
ney cdls ( 2 ) . Teahnical details including 
prepamtion and incubation of cultures, con- 
stituents of medium, etc., were described pre- 
viously( 1 ) . Type 2 dengue virus of the New 
Guinea C strain was receivtxl on Jan. 25,1955, 
from Dr. Edwin H. Lennette in the form of 
20% mouse brain homogenate in 30% nor- 
mal rabbit serum frozen with dry ice. I t  was 
stated that this material represented the 19;t.h 
mouse brain passage, and t b t  its LD50 titer 
was art time of harvest, Nw. 11, 1953. 
The virus was kept in dry ice ch& until used. 
On Feb. 1, 1955, the fmzen material was 
thawed at  room temperatiure, and diluted with 
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Hanks' balanced salt solution. Its infectivity 
was measured by injeoting 2 to 3-week-old 
white mice intrmrebrally wi4h 0.02 ml of 10- 
fold dilutions. The mortality (ratios of in- 
jected mice were 4/4 for the lC3 dilution and 
0/4 each for diilutions of 10-4 through lo4. 

Results. Serial passage through tissue cul- 
ture: Seven cultures were inoculated with 0.2 
ml of above-mentioned virus diluted lo3. 
After 10 minutes 1.8 ml of culture medium 
was added to each tube. The cultures were 
incubated in the stationary state at  35OC. 
Half or whole volume changes of medium were 
made usually every 2 to 3 days, to keep the 
pH of the fluid phase in the mge of 7.2 to 
7.6. Eleven days after beginning of hcuba- 
tion a portion of culture fluid was taken fm 
each tube and p l e d  with fluids fm &her 
similar tubes. 0.2 ml of the mixlture was 
then ~inmdaltd into new cubtures with subse- 
quent addition of 1.8 ml of mwdiium to each 
tube. In this manner serial passages h u g h  
tissue cuEtures were performed at in-5 of 
7 to 15 days. The vimls content of the in- 
oculum far each subc&ure ww assayed by 
injecting 0.02 ml of 10-fald dilutions into 
mice. The results obtarined a.re summafiized 
in Table I. The specirn- used for time 
culture passage and virus titratin Conltained 
no agent cul@ivable on ordinary bacteris1ogtica.l 
culture media. 

The virus was cubtivatd in this tissue cul- 
ture svstem for 18 ~i l -  du;rinn 176 davs. 
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TABLE I. Serial Transmission of Type 2 Dengue Virus of S e w  Guinea C Strain through 
Rhesus Kidnev Tissue Culture. 

Calculated di- 
lution of orig: 
inal infected 

Cuniulntive mouse brain 
Passage Mortality ratios of mice iiiocu1:itcvl wi t l i  tissue period of based on pas- 

cultivation, sage and me- in tissue cnlture fluid diluttd 
culture 10-1 10-2 10-8 lo-' 1 ()-.-, 10-0 days diuni-change 

1 
2 
3 
4 
5 
6 

8 
9 
10 
18 

- 
I 

2/3 
3,/3 
0/3 
2/3 
1 /3 
2/3 
@/3 
2/3 
1/3 
1/3 
3/3 

1/3" s/3 1 /n  
2/3 0/3+ 113 
0/3 0/3 0/3 

1 /3 1 /3 0 .'3 
0/3 2/3 1/3 
1/3 1/3 0/3 
1/3 1/3 0/3 
2/3 1 / 3  0/3 
0 /3 :/3 0/3 
213' 0/3" 1/3 
2/3 0 / 3  2/3 

- /  

0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 
0/3 

11 
35 
38 
50 
(55 
i4 
81 
92 

100 
1 l o  
176 

10 -L9 

10 
10 -9.7 

10-E.0 
10-18.8 
10-l6.2 
10-16.5 
10-18.1 
10-10.4 
1o-Zl.s 
10-41.b t 

* One of the surviving mice sliowcd p:irnlytic signs : l i d  rccovcrcd. 
t For 1 ID, in 18th pnssngc. 

One IDJo in the 18th passage represented a 
dilution of lV1.:' of the original infected 
mouse brain homogenate. A s  reported by 
other investigators(3), mortality ratios of 
mice inoculated with the New Guinea C strain 
virus were erratic. 

Morphological changes : Inoculated cultures 
were examined with ordinary light micro- 
scope. They showed cellular degeneration 
which was indistinguishable from that pro- 
duced by type 1 dengue virus( 1 ) .  Five days 
to one week after inoculation of virus. the 
cells were dark and spherical. This was fol- 
lowed by their detachment from the glass sur- 
face. -4fter about 2 weeks only a relatively 
small part of the cell population remained. 
After 3 to 4 weeks practically all cells had 
disappeared. I t  was confirmed again in our 
experiments that uninoculated control cul- 
tures never showed widespread destruction of 
c011s; changes resulsting from prolonged in- 
cubation were limited. A large population of 
cells of normal appearance remained in unin- 
fected cultures incubated 4 weeks or more. 

Parallel titrations of ' c h w  in ntice and in 
tissue cultures: The titers of cultivated virus 
were compared in mice and in tissue cultures. 
The inoculum was 0.02 ml for mice by the 
intrmrebral route. and 0.2 ml for tissue cul- 
tures cantaining 1.8 ml of medium. The re- 
sults obtained are given in Table 11. In 
these limlited teits the highest dilution which 

caused death of mice was greater than that 
producing definite degeneration of tissue cul- 
ture cells. 

Scutralization test in tissue culture: Im- 
mune Serum was obtained by injeuting a rab- 
bit repeatedly with the New Guinea C strain 
of virus that had been propagated in mouse 
brain and had never been p s e d  in tissue c d -  
ture. The procedure fm immuntidcm was 
similar to that used in obtaining d 4 p  1 
immune serum( 1) .  Serum collected from the 
rabbit prior to immunization served as a con- 
trol non-immune serum. The serum was in- 
activated by heating at 56°C for 30 &*, 
and stored at -10°C until used. Type 1 
Mochizuki a d  Hawaiian Isbrains of Virus and 

'l'.Al;IX 11. Parallel Titrations of Type 2 Dengue 
\-inis of tltv S e w  Guinea C Strain in Mice and in 

Tissue ('ultures. 

11) ?tlic,1 1/3t 2/3 0/3 1/3 0/3 0/3 
3/3t 3/3 0/3 0/3 0/3 0/3 

IS ,\Iicc 1/3 3/3 2/3 0/3 2/3 1/3 013 
Tissue 3/3 3/3 3/3 2/3 0/3 0/3 0/3 

Tissue 
cult I1 rt1s 

(4 ul t I1 res 

* Tiioculuin: 0.02 nil in mice intracer., and 0.2 nil 
in  tissue cultures with 1.8 in1 of medium. 

t Sumerators inclicate No. of mice showing char- 
:icteristic signs of infection or tissue culture tube8 
sliowiiig definite degeneration. Denominators in&- 
c*:ite No. of mice or tissue culture tubes inoculated. 
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TABLE 111. Neutralization Tests in Tissue Cultures of T-ype 1 arid Type 2 Dengue Viruses. 

Virus r = . S e r u m * -  
Dilution of 

Pasaage IDm for infected tis- Anti- Anti-New 
in tissue tissue cul- sue culture Mochizuki Guinea C 

TYPe Strain culture ture/0.2 ml fluid immune immune Control t 
100-f old 0/5 t 5/5  5 / 5  

0/5 5/5  5 / 5  
5/50 0 / 5  515 

9 9  
10 -b.o 
1 O - w  

1 Mochieuki 43 
Hawaiian 25 

2 New Guinea C 18 10-8.25 

Diluted 1 : 5 with 0.1% lactalbumin hydrolpsate medium. Aliquots of this mixed with equal 
volumes of virus suspension. 

t Taken before immunization from a rabbit used for immunization against New Guinea C 
strain virus. 

t Numerators indicate No. of tissue culture tubes showing definite degeneration. Denomina- 
tore indicate No. of tissue culture tubes inoculated. The culture fluid used for changing medium 
included 1% of immune or control serum. 

0 Degeneration of tissue cultures inoculated with misture of type 2 virus and anti-type 1 
serum was milder than that in control cultures exposed to type 2 virus and non-immune serum. 

anti-Mochizuki immune rabbit serum were 
used 40 determine heternlogous reac6ickns. In 
performing the neubrabdtion tests a given 
concentration of cultivdtd virus was mixed 
in equal volume with serum diluted 1:s in 
0.1 % laotalbumin hydrolysate medium. After 
incubation at 37°C for 1 h and at  4OC for 1 
more hr. 0.2 mil of the mixture was inoculated 
into tissue culture tubes with subsequent ad- 
dlition of 1.8 mil of medium. Examples of re- 
sults obtained are shown in n b l e  111. 

It was demonstrated that the viruses were 
neutralized by the homologous serum, but not 
by the heterculogous serum. It appeared, how- 
ever, that the degeneration shown in tissue 
cultures inoculated with the mixture of type 
2 virus and anti-type 1 serum was a little 
milder than that shown in conrtrol cultures 
exposed to virus and non-immune serum. 

Summary and conclusions. 1) Mouse-pas- 
saged type 2 dengue virus of the New Guinea 
C strain was cultivated in trypsinized rhesus 
kidney tissue cultures grown dlirectly on glass 
surfaces and itncubated in the stationary state 
at 35°C. The virus was malintaind in this 
system of Cissue culllture through 18 ~rassages 
during 176 days. Culture fluid frotn the 18th 

passage representing a 1041a5 dilution of the 
original infmted mouse brain was infective 
far mice. 2 )  The infected culture cells ex- 
hibited characteristic degenemtion idistin- 
guishble from &at associated with inlfecition 
of tissue cultures with type 1 dengue virus. 
Infectivity of the virus was neutralized by 
specific antiserum as indicated by the fact 
that the degeneration was suppl.lessed oom- 
pletdy by hmdogous i7mmune rabbit m m ,  
but not by heteroilogous serum. It a p p r e d  
that the cellular degenerakion produced by 
t y p  2 virus mixed with anthtype 1 serum m s  
a little mdder bhan that pradulced by the same 
virus mixed with the contra1 non-immune se- 
rum. Although further studies are necessary 
to clarify the antigenic relationships of type 
1 and type 2 dengue viruses, 'it is possible th@t 
the reduced degenemth was due to a partrial 
neutrdimtion by hetendogous antibody. 
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