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KUROTORI VIRUS : A VIRUS 1.1E\\ILY ISOLATED FROM

ANOPHELES SINENSIS AND PATHOGENIC To AllCE.

I. ISOLATION AND PROPERTIES
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CMMARY A virus \\'hich is pathogenic to mice \\, as Isolated from the mosquito,
Allophe/CS $171,713is, captured at 1<urotori-cho (latitude 34.5 \ ; longitude 135.5 E)

in Osaka in 1963. The agei\t multiplied \Yell in BHK-21 cells producing severe
cvtopathic effects. The virus \\, as sensitivc to eth}, lether, sodium dcoxycholate (SDC)
and to pH \, alues of 5.0 or less, but 5-10dodeox}, uridine (IUDR) did not inhibit its
multiplication, suggesting that it contains ribonticleic acid as genetic material. Its
particle size \\'as estimated b}, filtration to be about 50 nT/I. CoinpleilTent fixing
antigens \\'etc obtained from the brains of infected sucl<ling mice, but hemagglutinins
to red blood cells of one-day, -old chicks \\ ere not cxtracted from infected mouse
biains. From these characteristics, this \, irus, 1<urotori \, Irus, \\. as classified in tile
ATbovirus gi'oup

I\TRODLCTION

Since 1963, nTai^, studies ITave bccn made In
our laboratory on the ecological featurcs of
Japanese encephalitis virus (IEV).

During this period, \\, e isolated 7 arboviruses
besides IE\; and all but one of the \, iruses
isolated ii\ 1963 were grouped as A atboviruses
belonging to thc Getah complex. (Schercr
at a1, 1962)

The exceptional \, irus was Isolated from
.J, lophe/es $171eJisi's and was found not to belong

I Present Address : Department of \, Iicrobiolog},,
Tokyo \. letropolitan Institute for. Neurosciences,
2-6 A, Iusashidai, Fuchti-Cit\', Tok}'0, Japan

to either group A or B of the atboviruscs
\o one in Japan, has previously isolated any

virus, including IE\;, fronT ,IIOPhe/es $111eiisi's

\, IATERIALS AND A. IETHODS

I. Conec!1011 of 1110sq!1110"s

\'10squitocs \\ere collcctcd for one itr Inst liftci
sunset by us pir"tion of Lising a itet or dry ice trap

2. ISO/niloi! of '11/1s

On Sept. 16,1963 four female .4110ph, /CS $111,115, 's
litosquitocs \\'ere captured. These ntosquitoes were
fed and itept o\. eritight at room temperature and

tlteit preser\'ed at -70 C tilltil examined. Se\'eral
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mosquitoes \\ere I'Dmogenized together' in a pre-
cooled mortar \\itit 6.0 inI of phosphate-buffered
saline, pH 7.0, supplemented \\it IT 596 IEV-antibod}.-
free Ioung chicl<eit serum, penicillin (500 1.1ml)
and streptm}. cin (500 11g!in I). The hornogenate was
centrifuged at 10,000 rpnt for' 10 min at O C aitd the
superI, at ant \\. as inoculated into sucl*ling mice in-
tracerebra11}, (0.02 inI) or intraperitoneally (0.1 in. I)
The mice \\. ere obser\. ed for 14 days after inocLila-

Nilce sho\\ ing pathological symptoms were
killed and their brains \\'ere it Dinogenized lit the
buffer' described ribo\'e to make 101, itomogenates
Tile I'Dmogenates \\ere centrifuged, diluted I: 100
and in DCulated litto sucl<ling mice 11Ttracerebrall\
Aftei' the second intracerebrnl passage, the brains
of ittice sho\\'Ing symptoms \\'ETe Lised for \'ITological
tests

tion

3. '41/1/11ulS

ddY Xiice \\ ere used thiougltout. For ISOlntioit o1
TITLis, suckling mice were Lised \\ithii, + dais aftei
hilth. Rabbits and gLiinca pigs \\'ere purchased
front local dealers

test and CF test, respectively' (Clarke and Casals,
1958)

6. '11/1s

The Naka\. alma-NTH and IncAr 01 strains o1
IE\;, Getalt (AMM2021) of g"oup A arbor'i, us,
Tl, eiler's \. ITtis, polio virus tvpe I, A1ahoney strnii. ,
and Iterpes sintplex \, irus type I \\'ere used

4. T, 'ss!I, '11/11/1 e c, //s

For primary' tissue CLIlttire, chicl< Gritbr\'o cells,
cmoiTtolgus monkey. 1<1dite\ cells and rabbit 1<1dne\
cells \\'ere Lised. The established cell lines LISed were

BHK-21, HeL" "rid CMl< (a cell line of African
gi'eelt monke}. 1<1dne\. cells establislted b\. Dr. Naka-
00, NIH, I"pan)

Themedium used for tissLie culture \\as LE (0.5'6
Inct"Ibumiit IT\. drolvsate in Earle's balanced salt solu-

tion) or YLE (0.1% yeast extract, 0.5% Iactalbumin
It\'drol\sate in Earle's balanced salt solution) ritediLint
supplemented \\.;tlt 109. calf serum. After inocul-
at101t of \, Irus, medium containing 2-5'1. calf scrLim
(free of anti-IF\I antibod\,) \\ as Lised

7. Est!111nt, o11 of 3,115,110Jty o1,111, , to che, ,lienk

Virus \\ as treated with ethylether, sodiun\ deox\ -

cholate (SDC), protamine or itIgCl* (A1Tdre\\s and
Horstman, 1949; Theiler, 1957; \\'allis and Alel-

nick, 1962), and then inoculnted into suckling mice
intracerebrally and its effect \\as contpared \\itIl th"t

of untreated, control \, irus

\'it all nucleic acids were determined Lising 5-10do-
2'-deox}. undine (I'DR). This drug \\'as added to
tlle maintenance medium at a final concentratioit of

10~' A1. Titrations of the \, irLis \\'ere performed in

the presence ai, d absence of IUDR (IListines and
Kuns, 1970). Herpes simplex virus and IE\' \\ere
used as control DNA nitd RNA type \. 11 uses, re-

SPCcti\. el}'

5. Sri'o109'cat tests rind Ibidpm'rill'on of nilt!tell

Tl, c serologicnl tests employ. ed \\ ere the coinple-
merit fixatioit (CF) test and itetitralization (NT) test
using standard tube methods (Lennette and Schmitt,
196+). Infected mouse braii. at the second in \, i\. o
passage Ie\'el \\'as Lised for preparatioit of antigens
b\' extraction Lising acetone-ethei' or sucrose acetone
(Clan<c and Casals, 1958). Tltis antigen preparn-
tioit \\'as Lised for' the Itemagglutination (HA) test
or' CF test and preparations \\'ere dilLited \\. ill\ botate
buffer, pH 9.0 supplemented \\. itIT 0.41, egg albumin
nitd \\ith \, eronal buffered saline, pH7.2, in tlle HA

8. pH Stnb, 717J,

A series of solutions of 0.01 M disodium PIlOSphatc-

citric acid bLiffe^ of pH 3.0 to 8.0 \\'as prepared
Ten per ceiTt ITomogenates of infected in DLLse brain
in ph\. SIological saline \\ ere n\Ixed \\'it IT nit equal
volLii, te of eacll buffer solution. Tl, e n\ixtures were

kept at 37 C for TITr and theIT the PI{ of eacli \\as
determined. Serial 10-fold dilutioits of eacl, ITti\-

ture \\ ere assa\ ed for' infectious \. ITLis
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9. fisti'111n!1'01! Of $1'Ce qf 1'11jeCt, t'e rig, ,11

Infected suckling mouse brains were I\omogenized
in a mortar in bovine-albumiit phosphate buffered
sainte and diluted to gi\'e 5 per cent suspensions
Tite suspensions wei'e centrifLiged at 10,000 re\'InTilt
for' 30 min. in a refrigerated centrifuge. Tite super-
natant fluid \\'as filtered successively througl, Nill-
lipore ritembranes of 450,220,100 and 50 in/! pole
size, Lising a syringe-type tipparatus. Serial 10-fold
dilutions of eacll filtrate \\. ere inoculated into tissue

culture cells and the titer of each sample \\us calcu-
lated b}. the 501. end point ritethod (Reed and
Alluench, 1938). Tite IncAr 01 straiit of IE\r and
AN{:\'12021 strain of Getalt \, irus were Lised as con-

trol \'iruses to confiiTn the intrabilit\. of \'irus throutrlt

A, Iillipore meritbranes

BIKE>; JOURNAL V01.16 No. 21973



RESULTS

I Process of ISOl@tt'on
The procedure for isolation of Kurotori

virus is shown in Fig. I. A1iquots of the
Inoculated specimens were tested for bacteria
and fungi but results were negative. It is
evident that the original mosquitoes had some
agent which was pathogenic to mice and this
agent seemed to be a virus.

The virus was named Kurotori virus after

the name of the place where the mosquitoes
were captured.

Mosquitoes to pool consisted o14 females of hophefos sinensi;)
OS U us a 00 ConsiS e 0, ema eS 0 00 eS Sine"S, S
(emulsified mosquitoes were injected to two 1111ers o1 mice
both intracerebrally and intraperiloneally)

develop an adequate system for a neutral Iza-
tion test.

Suckling mice were very sensitive to the
virus and showed severe symptoms of ence-
phalitis after Its intracerebral or intraperitoneal
inoculation (Fig. 2). The latent period of the
disease varied with the route of inoculation,
the dose and the age of the mice, being 2 to
6 days. Adult mice were resistant to intraperi-
toneal inoculation of Kurotori virus but were

as sensitive as suckling mice to intracranial
challenge. Rabbits were insensitive to the
virus, even on intracranial challenge.

00000000

..........

,L^_,
........

FIGURE I. 1301ntio, I of Kill'o107i an','I'S. ., ,"oilse
shotued typicnl e, ,cephohtic sy, ,, pto, ,, s and d, td, ,
,,, o113e shotued ,10 sy, ,, pt0, ,,$101' 74 d, ,ys rifte, ' 7110c, ,/a-
1,011

0,000000o

2. Character1stt'CS of a, ztz:gen extracted by
aceto"e-ethe, ,

The antigen extracted with acetone-ether
did not show HA activity with one-day-old
chick red blood cells at pH 6.0 to 7.0. As
shown in Table I, there is no cross reaction
between Kurotori virus and IEV (Nakayama-
NIH strain) or Theiler's virus, which are both
known to cause paralysis of mice.

3. Infecttbtty of K"rotorz' o17"s 10 nitz',"a/s and
tz'ssue culture cells

Since it was necessary to distinguish newly
isolated virus from other known viruses, the
sensitivities of various animals and tissue
culture cells to this virus were studied to

.......

-J---^
........

@
FIGURE 2. SIIck/ing mr'ce show, '"g typ, 'cal e, ,conhn1^11t
sy, ,coto, "s o11 the 6t/I day rifle, ' 7110c, ,kitio, I

Two established cell lines, CAIK and
BHK-21 showed cytopathogenic effects (CPE
after inoculation of the virus. BHK-21 cells

showed the greatest CPE (Fig. 3) and had the
highest sensitivity to the virus (Table 2).

In following experiments virus titration and
neutralization of virus were done with BHK-21

cells or suckling mice.

MAEDA, A. et al. A newly Isolate, / 2/17/'31, '0, ,, allophe/es
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TABLE 2. Tt'tratz'on of KMrotort' o2'71, s 273 in a'ce, 7066t'ts a"d differe"t t'sst, e culture cells
A) Animal^ (log LD, ,Iml)

Intracerebral
Inoculation

9.1

B) Tissue Culture Cells (log TclD, , 0.2 in I)

Suckling

intraperitoneal
inoculation

CMK

7.0

Mice

5.5

subcutaneous
inoculation

6.3

Cell line

BHK. 21

83

intracerebral
inoculation

8.1

HeLa

Adult

intraperitoneal
Inoculation

3.5

Chick embryo

5.5

2.2

Rabbits

Primary cells

Monkey kidney

:=0.5

intracerebral
Inoculation

^1.2

^
O ,,^.Q ,*,._

Rabbit kidney

5.3

FIGURE 3. Cytopnthic <6'ect (CPE) of Kt, ,oto, i dry, ,s 271 BHK-27 cells. CPE of the air, ,s in a monolayer 6
days after i"freti0, , (0) and lint"frcted control Maoriolnyer (6).

** ~ .

'=.,< h

..,-\

MAEDA, A. at al. A 71e?o1y isolated an^,, siro", a, ,opheles
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4. Ale"trafisat, '0, I test

To clarify the antigenic relationship between
Kurotori virus and two other. arboviruses

isolated in Osaka prefecture, neutralization
tests were carried out in a tissue culture

system using 1<urotori virus, IE\I and Getah
virus and hyper Immunized mouse sera against
them. High antibody titers \\, ere detected
in I\omologous systems but no cross reactions
were observed.

5. 812e of Ktii'o101'!' DJ'I'MS I'dIncles
As shown in Table 3, the size of Kurotori

virus \\, as CStimated by coinparisoi\ \\, Ith tliosc
of Getah virus and IEV. it \\, as concluded
that Kurotori \, irus was about as large as thc
other two \, ii. us strains, that Is about 50 in/! or
ICSS 111 SIZC

6. ryects of che, "icn/s o" oil a/ Infrcti"ity
Scnsitivity to ethylether or SDC is an jin-

identification of AT-characterportant In

bovii. uses. Table + shows results on the

sensitivities of 1<LITotori virus to these coin-

pounds and to protamine and A1gC12. A1-
though 1<urotori virus was resistant to ether
and SDC at the 3rd in vivo passage, it became
sensitive to them after the 8th in vivo passage.
The sensitiveness of 1<urotori virus to Mg"
excludes the possibility, that it belongs to the
enterovirus group.

7. Lyect of J-10d0-2'-ofeo;vywi'Idi', re ON gi. oreth
of Kill'o101'!' all'"s 171 BHK-21 cells

To identify the genctic material of 1<ui. otori
BHK-21 cells were treated wit1} 5-VITLIS

10d0-2'-deoxyuridine and then infected with
Ku". t. ,I iru^, IE\; (I"GA" 01) or HUP"*
simplex \, irus (type I). Unlike HSV, tl\e

TABI. E 3. '31/1"nil'ON of pni'!a'c/e $213e of 1</11'0-
1011 un'lis bj, fillynil'on"

\/irus

1<urotori \, irus

"xp
No

Getalt \'if Lis

Pore size (in/!)

50 1110 220 450

InV (Nit"y"in, ,) I

2

a 'Titers NIC expressed us 1011 'I'C10. ,10.2 inI

5.9 6.7 6.74.5

5.5 6.11 7.04.0

6.11 6.5 6.5 6.75 6.25

2

TABI, E +

655.1 737.9

6.9 5.7 7.9 7.9

Not
filtered

+. 5 3.5 6.5 6.5

Effects of cheni, 'cn/s o11 Ihe in/eciib, '/11 o1 Kill'Droll' 71,111s

'LAi3i, " 5. E.ffec! of 5-1'0d0-2' -deoxJ, 111'1'dr"e on
XI'Orc!h Of 1<11roioi'I "11'14s"

Virus

Kurotori \'Irus"

8.1

8.3

IFV (InGA, 01)"

Polio \, irus (t}'PC I)

a Titeis ale expressed as log I'D, ,11/02S in I
b 'Titers are expressed as log TclD, ,!0.2 in I in Liel, a cells

7.5

Virus

Kurotori \. irus

IEV (I"GA" 01)

Herpes simplex \irus
(tvp" I)

P. 3

Mg"

treated control treatud control treatcd control trcatcd control

48

P. 8

a Titcrs arc cxpicsscd us log 'Tcl1).,!0.2 InI

Ether

5 -10d0-2'-doox>. uridine

Control'Freatcd

BIKEN JOURNAL V01.16 No. 21973

3.8

<2.0

4.8

3.4

8.1

SDC

6.5"

6.5

5.9

7.9

6.5"

3.8

0.8

o

7.5

4.8

0.7

6.7

Protaminc

6.7

3.5

+. 6

7.5

5.5 2.8 6.4



growth of 1<urotori \, irus \\, as not inhibited
by the d"ug (Tab1.5).

8. pH Stall7i7j,
The stability of the virus at \, arious pH

values is sho\^n in Fig. 4. TITe infectivity of
the \, irus \\, as stable at pH 6.0, 7.0 and 8.0,
but it \\, as completely lost at pH 4.0 or 3.0.
The pH stability, of the \, irus is quite similar
to that of IE\' (JarGAr 01), but polio \, irus is
stable over a wide pH range.

8

E
c,

-4

S' 2

.\
o
in

X^ x

I-

our laboratory are The Iler's virus, lymphocytic
choriomeningitis (LC\I) \, irus and IEV. \\'e
checked other mice in our \, Ivarium for LC\I
at the time of Isolation of 1<urotori \, irus but

could find no sign of their infection \\. ith it.
The results in Table I sho\\, that 1<LITotori

\, Irus is quite different from the other two
possible contaminant \, Iruses, IE\r and TheI-
Ier's virus. As already stated in the intro-
duction, SIX other \, iruses, other than IE\',
\\, hiclt \\, e isolated fioin mosquitoes all be-
longed to the Getalt complex. 1<urotori
virus does not cross-react \\, ith anti-GetalT
virus scrum.

Filtration experiments showed tliat 1<urotori
virus particles are less thait 50 in, ! in size and
tl\is Is within the range of size of arboviruscs.
AlthouglT the infectivity of 1<uiotori \, irus \\, as
resistant to ether or SDC treatment at the

3rd in \, IYO passage, it became sensiti\, c to
tilesc chemicals at the 8tl\ in \, Ivo passage.

A similar phenomenon ITas been obscrvcd \\'it11
other nc\\'Iy Isolated arboviruses. The re-
suits of 5-10d0-2'-deoxyuridine treatment
indicate that thc genetic material of 1<LITotori
virus is RNA. From these results it is coi\-

cludcd tliat 1<urotori \, irus is an atbo\, irus nut

docs not belong to group A or B.
Oui' mall\ Inter CSts in 1<ui'otori \, irus arc

its relatioitship to ITUman cnccplialitis of
unl<no\^IT ctiolog\, tilld its CCDlogical charac-
tCTIStlCS.

<1

"

pH

LicLnF +. fill"c! of pH o11 sinh, 71n, o1 1</11 o101 I' tv'I 115
x - - x , pollb. ~ . - - -., Kill'o101'I'. .- - -., /, IG, I'
01

3.0

X

A

xX

40

P-

DISCUSSION

4-

5.0

X

In Osaka, ,4110phe/CS sriie, !$11 is the sccond cum-
monest mosquito attci' Gillc\. \'arious virus
strains, suclT as Altophelcs A and Anoplieles B,
have been isolated froi\T 4110ph, /e$ in Colombia
(Roca-Calcia, \. I, 1944) but tliis is tlle hist
time \, 11'11s 11as heel\ is o1atcd from ,4110pheles
in Japan. The relationship bet\\'cen thc
viruses isolated in Colombia and 1<uTotoi'I

\, irus Is tilll<no\\'n. Tllc nTost possible con-
taminant virLises to bc isolated from mice in

4
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