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acid-fast bacilli 1. Isolations of acid-fast bacilli from human beings and tuberculin-positive cows.
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Katsumi TAKAHASHI, Hideho YAMAMOTO, Satoru OTSUKA and Toyonaru NAMBA : Isolations
of Japanese encephalitis virus from the mosquitoes of Culex tritaeniorhynchus-vishnui complex collected

in the suburbs of Fukuoka City.
*1) BigniE : R IR ARV
*2) 406th Medical General Laboratory, Zama, Japan
*3) U. S. Naval Medical Research Unit, No. 2, Taipei, Taiwan
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A picture showing light trap
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Table 1. The results of light trap collection and virus isolation tests.
Date of Light trap Virus isolation
seligstion folincrigh No. of mosq. No. of pool Virus positive
Jul. 13 102 163 2 0
19 182 722 8 0
27 321 300 3 0
31 999 1025 11 3
Aug. 6 1478 1500 15 0
13 899 — e _
20 342 121 2 0
Sept. 7 65 — P bt
Total 4388 3831 41 3




Logarithm (n+1) in individual number of Culex tritaeniorhynchus—

vishnui complex captured by a light trap
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Fig. 3. Isolations of the 3 strains of Japanese encephalitis virus
from the mosquito ploos No. 14, No. 17 and No. 22.
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Fig. 4. Seasonal prevalence of the mosquitoes of Culex tritaeniorhynchus—vishnui
complex and virus isolations from the same mosquitoes.
The solid circles showing successful isolations of Japanese encephalitis virus.
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JaFAr-1762 i & JaFAr-2262 fiEi-cli6.6Th
) f:-

2) JyEEY A VA 3RREHLITFIIRE,  JaGAr 501 £k
Eo3gzE HL: 43k 4 L AU A JEV BsEREC 3
Pk, JaGAr $01 BROEREGIEEMIEIC X L
TED L) BRIGZRT >, E0MEYAI V2O — 2
JaFAr-1462 $Ro R AE Mg LT, ALk,
JaGAr 301 #ip X UMb 2 RO 53EEY 4 v 2 D HUE A
ED LD BRISZERT xR HI 12X - TRE L7z,
Z DkEGE, Table 3 12/8 L7 X 9512, JaGAr #01 s
PEIMAHIZ 0 UClRBRUEIS 1 2 640, PRGN
1:320C, 20w 1 VA 3BEDFFEIZ VTN L JaGAr
201 BB & [AfED 1 2 640% 75 L7z, il RS
M2 U ERSUEI 1 2 640, JaGAr £01 REFUE
BIXUDHEEY A V2 3HEOHUFIZ 1 2320 2R L1 &

CHHSDOHEKY 1 v R HE

12538 4 v AD — JaFAr-1462 #otifs iz i
LR ABHUETIZ 1 £ 640, fhod 2 BEDATEEY 4 L =
Py £ 08 JaGAr 301 BRPUEIL 1 - 640, H LI HRE
PRI 1 :320 2R L7z, Tab bty 1 V2 3R
JEV BHERTH 2 i LI TIHE, JaGAr 201 #k & [Fff2
KIG#ER L, ZORGRER X JaGAr $01 FRIZITWWZ &
BRbLNTz.

3) EEY A v 2 3RkE HILITFHIE,  JaGAr 01 4
L 0234 CF @ HURMo HIE I : A AR BE il & o &
vV AZA4 P =¥ o VX VITR, FIILTFIRETUR
131 :64, JaGAr 01 #pukii3 1 128, JaFAr-1462
FefoEl: 1 : 64, JaFAr-1762 #4483} L ° JaFAr-
2262 MU TIX 1 1 28 1 BNITH Y, ZNZEN4H
RrZ A Uiz 20D 4 v 2 3 REDHUE & d LR
J, JaGAr 01 HHuH & w33 CF 2177 - 724658,
Table 4 12775 L7 L 512, JaGAr $01 R4 s
L3 FEEPURIZ 1 2 128, JaFAr-1462 #, JaFAr-
1762 ¥k X 00 JaFAr-2262 fEo&fiEid 1 128, fyll
FHHEURIX 1 2 64T, AP IIFIZ RN LT
FAFEPURLE 1 2 64, JaGAr 201 REHUBE X 08 JaFAr-
1762 ¥, JaFAr-2262 fRfokiz 1 :32, JaFAr-
1462 HEFUEIZ 1 1 64ThH Y, T 7 JaFAr-1462 pRipsy
MR LRIk T2 1 2 64, JaGAr #01 #3i

Table 2. Hemagglutination test of the isolated strains with goose cells.
Hemagglutination titer (1: )
Antigen pH

200 400 800 1600 3200 6400 12800 25600

6.0 - + + + + \ - - -

R 6.2 s + + 4 + & - -
3 6.4 + + + + + ® ‘7” - -
E 6.6 + + + + o + 5 =
L 6.8 + + + + + + @ ’ =
7.0 - + + @ | = = = =

6.0 + 4 + + ‘ = - - -

g 6.2 + + + + -+ = - -
i3 6.4 + + + B it 3 - - -
= 6.6 + + + 1 + +] - -
G4 6.8 + + + + il & - -
7.0 + + + — - . = L5

6.0 + + + + - — — -

g 6.2 H + + = e = 0 =
T 6.4 + + + + | + — = w
< 6.6 4 4 + R s et Tl @® = -
= 6.8 + B + + ) T e . i
+ + — — - - - -

7.0

i
e
|
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Table 3.

FA4%E WHFAUEIHA4H

Cross hemagglutination-inhibition test among Nakayama-NIH,
JaGAr %01 and the isolated strains.

Antigen Immune serum
Strain pH 16ut. JaFAr-1462 JaGAr %01 Nakayama-NIH
JaFAr-1462 6.8 1: 800 1:640 1:640 1:320
JaFAr-1762 6.6 1: 400 1:640 1:640 1:320
JaFAr-2262 6.6 1: 400 1:640 1:640 1. ::320
JaGAr %01 6.8 1: 1600 1:640 1:640 1:320
Nakayama-NIH 6.4 1: 800 1:320 1:320 1:640

Table 4.
and the isolated strains.

Cross complement-fixation test among Nakayama-NIH, JaGAr #01

Antigen Immune serum
Strain 4 ut. JaFAr-1462 JaGAr %01 Nakayama-NIH
JaFAr-1462 1:16 1:64 134128 1:64
JaFAr-1762 i 18 1:64 1:128 15532
JaFAr-2262 1228 1:64 1:128 157732
JaGAr %01 1:32 1:64 1:128 1°:232
Nakayama-NIH 1:16 1§:132 1: 64 1:64

JH, JaFAr-1762 #k#iki. JaFAr-2262 #eHsld 1 :
64, HLFUEGURIZ 1 1 32%7R L, DHEY 1 L2 38k
EHRIITFRE £ 08 JaGAr 201 fRE3MHAEIC X RIS
T2 LB DLNTz.

P bto HA, HI X0 CF OfiE» 5, OBEY A
VA 3k JaFAr-1462, JaFAr-1762 35 X 08 JaFAr-2262

ZEEMC JEV LEET 2 2 L3R LeEALND.

% £

AFETHA ZH—van A = HERED L Ak
SOMEXN 3D A L RIE, HF MR X B
HA o5, F7: JEV i Fiik  JaGAr 20188
XU 4 v 2 D— JaFAr-1462 FEo ZnZFhic
B~ 2 BERFMEC X > TREM TR -7z
HI 3 X0* CF o<k JEV LEExINE. Zh
50 JEV GHTH -7z nA I WY 8 H 6 H £
HFEDLDOTHh-72. ORI YSHIEBWTa 2T H
fxh—runid zHEEHOHBEERLE - 71
EL QN ERFERICITRbNIZT 1A T v T2k
ZHEEEL SHOND. 202 ki3, < LE,
R 507 5 LRSI 1) 2FEIC L &
SV Whwa IHOEE” ITEEREIB KX 1
— 3WRETT B Lk, £ UHOTHE” ERHIERT

BEHIC JEV D 2HHL Q032 —HT 3 &
I THB. WhWD “UHOTHE” & OFERE
BEOE -7 25T HDOTH A, 20 “ILHDOHE”
B ZDIR L AL AN Z T HA T HTEDONSZ
LIIRIREWIEE - B2 L > TT TIZHLAIZIN TV S
5, TNEARCBTZaAHEZTHATHI—Yany
1= HERBHOHBIY -7 BB X ZRLT 5 2 LI13H]
RELEbNS. La LAHTIE, HEEMEORERE
WMTH 572DT, 74 VAPEENTE L - - EREME
BT LY JEV BHETh ozl idnizngy 5, 1962
B2 4RI W T D k) JEV REREDOHBL <
2 =Btz TRY. Tabb, JEV 5k
XN723 7 - VIFBHOHIEMAD 5 B, HFFWERE
24 RILINICIERL < o R I RN BEFE X N2 5 T— v D S
LOLDTHY, HAWERKIL-IHB K174 2D
v = ICHEERE SN0 BIC AR B CER I N
H (86 H) &M AN S 722 niEIOMN107 — v
PHIE F 72K VANVRE FEET AN TERDP -
fz. ZAUIHEREAMRZ KD b TR K74 7
4 AHICHFERE Lz L EZ 2 5N, hoRHiciRE
L7 #AAENC b [EREICI0H BLE O R % & gl <
v ZAMARBEEIN 2L OBRD R BVr 5, INHDY
1 vz REEFIFIC Y JEV 2RE T 2 EESE AT
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sonal occurrence of mosquito and its in- (Z4F  1966-4-20)
SUMMARY

In an attempt to learn the local pattern of the natural infection of the vector mosquitoes with
Japanese encephalitis, a series of field studies was conducted in the suburbs of Fukuoka City, Uchihashi
village, Kasuya-gun, during the period from July 13 to September 7, 1962.

The seasonal prevalence of the vector mosquitoes was measured by means of light trap collections.
Three light traps were located respectively in cattle shelters, and they were operated from sunset to
sunrise one night per seven to ten days. The mosquito infection was determined by means of virus
isolation from the mosquito materials, which were collected with the aid of aspirators inside animal
shelters and by a carbon dioxide-baited trap outdoors. The virus isolations were made by means of
intracerebral inoculation of the emulsions of pooled mosquitoes into three- to seven-day-old suckling mice.

1) Seasonal prevalence of the mosquitoes of Culex tritaeniorhynchus-vishnui complex : Of the three
mosquito collections made by the respective light traps, only one was satisfactory to indicate the popu-
lation dynamics of the vector mosquitoes. The result indicates that the population of the vector
mosquitoes was the most prevalent in the beginning of August. One of the other two mosquito collec—
tions failed in operating the light trap under uniform condition throughout, and the other was too
poor in number of mosquito to indicate population dynamics.

2) Virus isolations from the wvector mosquitoes : A total of 3,831 female mosquitoes of Culex
tritaenior hynchus-vishnui complex in 41 pools were available for virus isolation test through the whole
period of study. Finally, the 3 pools of the mosquitoes collected on August 6 were found to be posi—
tive for virus. The three isolated strains were designated respectively as JaFAr-1462, JaFAr-1762 and
JaFAr-2262, and were serologically identified as Japanese encephalitis virus by means of hemagglutina-
tion test with goose cells and of hemagglutination-inhibition and complement-fixation tests with the
hyperimmune mouse sera against Nakayama-NIH, JaGAr #01 and one of the isolated strains JaFAr-1462.

Besides the three successful isolations above, it is presumable that more additional isolations
might be successful in some of the other mosquito pools. In the present study, the mosquito materials
had been stored in a dry ice jar until inoculation under condition of emulsion. The interval from
emulsification to inoculation was over ten days in considerable number of the negative cases. Such long
preservation of mosquito emulsion must make virus isolation unsuccessful. Consequently, the authors
remain undefined as to the period and pattern of mosquito infection in that year, but may draw a
conclusion that the mosquitoes infected with Japanese encephalitis virus must have densely distributed
in this area at the peak time of the total population of the vector mosquitoes.
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SEASONAL PREVALENCE AND JAPANESE ENCEPHALITIS VIRUS
INFECTION OF CULEX TRITAENIORHYNCHUS-VISHNUI

COMPLEX IN THE SUBURBS OF FUKUOKA CITY IN 1963.

Hideho YAMAMOTO, Katsumi TAKAHASHI*"” and Kenzi MANAKO

The Fukuoka Prefectural Institute of Public Health

(Director : Dr. Kenzi MANAKO)

The matters of epidemiological signifi-
cance on the vector mosquitoes of Japanese
encephalitis virus have been repeatedly dem-
onstrated in Okayama City and in the
certain areas of Kanto plain by the previous
authors of Japan and by the scientists con-
cerned with the medical research laborato-
ries of U. S. Army or Navy, while, except
for the negative result reported by Kaneko, "
any attempt to learn these facts has been
not undertaken in Shikoku and Kyushu,
where large-sized outbreaks of human en-
cephalitis have been frequently reported.

In 1962, the present authors” succeeded
in isolating the certain strains of Japanese
encephalitis virus from the wild-caught mos-
quitoes of Culex tritaeniorhynchus-vishnui
complex, which has been generally accepted
as the most suspected natural vector. In
1963, their investigations were designed to
determine the seasonal prevalence, the time
of infection and the infection frequency of
the mosquitoes of C. tritaeniorhynchus-vish-
nui complex in the suburbs of Fukuoka
City.

MATERIALS AND METHODS

In the present paper, the mosquitoes
examined were confined to Culex tritaeni-
orhynchus Giles including some of C. vishnui
(auct. nec Theobald, 1901).*» C. tritaeni-
orhynchus has been well established by the
previous authors as the principal vector of
Japanese encephalitis virus, while so-called
C. vishnui remains undetermined in vector
effectiveness in Japan. Now a problem arises
in distinguishing the adult mosquitoes of
the two species. According to the extensive
studies made by Matsuo,” the adult mosqui-
toes of the two species are, especially in
female, hardly distinguishable from each
other in their external features. Therefore,
it will be suitable for convenience to treat
the mosquitoes of the two species as C.
tritaeniorhynchus—-vishnui complex.

Study Site. The studies were carried out
at Uchihashi village, Kasuya-gun, which is
located 3 km northeast of Fukuoka City and
is surrounded by the vast paddy field. The
village has 86 households, the majority of
which keep one or two head of cattle. In

*1) Present adress : Nagasaki Prefectural Institute of Public Health.
*2) Colless¥ pointed out that the Malaysian form of the mosquitoes which hitherto had been

called Culex vishnui was apparently separable from the type specimen of Culex vishnui Theobald, 1901,
and he established the new name C. pseudovishnui Colless, 1957 for the mosquitoes as a distinct species.
Although the Japanese form of the so-called C. vishnui is also different from the Theobald’s species,
the senior of the present authors remains some question whether the Japanese form is exactly identical
with the Malaysian form or not. For this reason, he deferred to apply the Colless’ name C. pseudovishnui
for the Japanese form of the mosquitoes.
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1963, the 10 confirmed cases of Japanese en-
cephalitis were reported in Kasuya-gun. *"

Collection of Mosquito. In order to de-
termine the seasonal prevalence of the mos-
quito population, the pzriodical mosquito
collections had been conducted in the pericd
from May 28 to Oc:tober 3, 1963 using New
Jersey light traps equippad with 60 watt
bulbs. In the pericd from May 28 to July
4, two light traps were opzsrated at the
points B and F (Fig. 2). Since July 16,
another light trap was opzrated at the point
H (Fig. 2), adding the preceding two. At
the points B and F the light traps were
located just before the entrance of the re-
spective cattle shelters, and at the point H
the light trap was located inside a fowl
shelter, in which about 200 fowls had been
raised. At every point, the light trap was
hung from the beam of the animal shelter
at 1.5m above ground level (Fig. 3, B), and
wasoperated one night per seven to ten
days from sunset to sunrise.

Fukuoka

Fig. 1. Study site and incidence of
the patients with Japanese encephalitis in
Kasuya-gun in 1963.

Study site : Uchihashi village, Kasuya-
gun, Fukuoka Prefecture. A solid circle
representing a patient confirmed through
serological tests.

Sept. 4, 1966

For the purpose of providing materials
for virus isolation test, the mosquitoes were
collected in the same nights that the light
traps were operated. The mosquito collec-
tions on this purpose wers principally made
with the aid of aspirators in animal shelters,
and supplemented by a carbon dioxide-baited
trap. In animal shelters, the mosquitoes
resting on the walls were picked up with
aspirators. The carbon dioxide-baited trap
was set on the ground of the station house
(Fig. 2, E). These two collecting works
were usually started just before sunset and
continued for about four hours. The mos-

quitoes collected were promptly transfered

Fig. 2. A sketch-map showing the
details of study site.

The light traps were located at B, F
and H, the mosquito collecting with aspi-
rators was carried out at I and J, and
the carbon dioxide-baited trap was located
at E.

B, F and J: Cattle shelter, E : Station
house, H : Fowl shelter, I: Pig shelter

*D From the information of the Department of Health, Fukuoka-ken Administration.
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Fig. 3. Study site and collecting spots.
A : Wide outlook of the village, B : Cattle shelter F, C: Fowl shelter H, D : Pig ghelter I
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into different cages by method and by source,
and kept alive at room temperature until
identification.

At the station house of the study site,
the mosquitoes were anesthetized with ethel
and identified under a binocular microscope
using 40 xdiameters of magnification. After
identification only the unengorged females of
C. tritaeniorhynchus-vishnui complex were
pooled in rubber-stoppered glass tubes and
sealed with pieces of adhesive tape. The
individual number of the mosquitoes con-
tained in a pool did not exceed 200. The
mosquito pools were immediately stored in
a dry ice jar and brought to the laboratory
next morning. In the laboratory the mos-
quito pools were stored in a mechanical deep
freezer at —70°C until inoculation.

Virus Isolation from the Mosquitoes. The
techniques employed were essentially those
described by Buescher et al.,” as slightly
modified by Matsuyama et al.® The pooled
mosquitoes were triturated in a mortar with
a pestle adding 5% chick serum in phosphate
buffered saline (pH 7.6), which contained
penicillin 500 ut/m/ and streptomycin 500

pg/ml. The volume of diluent was approx-
imately as follows:

Pl e 10 mosquitoes

Dl ceeeeeieeieeeeinns 50 mosquitoes

ASHHT] s st st e 100 mosquitoes

(ST AR s 200 mosquitoes

After keeping the mosquito emulsion at
4°C for 60 minutes, it was centrifuged pre-
liminarily at 3,000 rpm for 10 minutes and
finally at 10,000 rpm for 30 minutes in a
refrigated centrifuge. The resulted super-
natant was inoculated intracerebrally (0.02
m//mouse) into one litter of three- to five-
day-old suckling mice of gpc race. The
mice inoculated were observed daily for two
weeks. If the mice exhibited any sign of
central nervous system disturbance or died,
their brains were removed, tested for bac-
terial and mycotic contamination with thio-
glycolate medium, and a part of them was
inoculated intracerebrally into one or two
litters of suckling mice for confirmation of
virus isolation and for identification of the
virus. The mosquito pools causing nc dis-

ease within two weeks were regarded as
negative for virus. Blind passages were not
made.

Serological Confirmation of the Viruses
Isolated. The transmissible agents isolated
were tentatively identified by means of
hemagglutination and hemagglutination-
inhibition tests. The Okuno-Oya-Ito modi-
fication of the original techniques described
by Clarke and Casals® was applied in pre-
paring hemagglutinating antigen and in
executing the tests.

The hemagglutinating antigens were
prepared from the infected mouse brains of
the second to fifth passage by sucrose-
acetone extraction, and processed to give a
25% solution of original brain weight when
a dried powder was rehydrated with saline.

In all but two cases the cells were pre-
pared from a goose and preserved in dextro-
se-gelatin-veronal. In the two cases of
JaFAr-13363 and JaFAr-15363 the cells were
prepared from one-day-old chicks.

For hemagglutination-inhibition test,
hyperimmune mouse sera were prepared
against each of the two established strains
of Japanese encephalitis virus, Nakayama-
NIH and JaGAr %01, and one of the isolated
strains, JaFAr-11363. The Nakayama-NIH
strain was obtained from the Chemo- and
Sero-terapeutic Research Institute, Kuma-
moto at the multiple+36th mouse brain
passage level, and the JaGAr #01 strain
from the National Institute of Health of
Japan, Tokyo at the fourth suckling mouse
brain passage level. In this laboratory, the
viruses of the former were passed through
suckling mouse brains seven times, and those
of the latter through suckling mouse brains
twice.

Groups of 20 to 30 adult mice were im-
munized intraperitoneally with living virus
of the respective strains. In each group,
the mice received three injections at seven-
to ten-day intervals and one injection twen-
ty-day after the third; a mouse received
0.2m/ of 107® dilution of infected suckling
mouse brain at the initial injection, and the
equal volume of 107! dilution of the same
material at the second to the fourth injec-
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tion. The mice were bled a week following
the fourth injection. The sera were pooled
by group and stored at —20° C until tested.
When employed for hemagglutination-inhi-
bition test, the sera were treated with pre-
chilled acetone, not inactivated, and ab-
sorbed with goose cells.

RESULTS

Seasonal Prevalence of the Mosquito
Population

The results of the light trap collections
at the three points B, F and H are pre-
sented in Table 1 and illustrated in Fig. 4.
Amongst the three points, the number of
the mosquitoes collected was not so signifi-
cantly different that it characterized each
point, and its seasonal fluctuation was ap-
proximately parallel.

In the cattle shelters (B and F), the
mosquitoes of C. tritaeniorhynchus-vishnui
complex collected were engorged females in
larger numbers, while in the fowl shelter
(H) those were unengorged females in the
largest numbers. In all the points, the male
specimens formed a very small proportion
of the whole mosquitoes collected.

Table 1. The number of the mosquitoes
of Culex tritaeniorhynchus-vishnui complex
collected in the three light traps.

Light trap

coliection Bagio B g pH o
3 g [ ? () ?
May 28 0 1 0 0 — —
Jun. 12 0 0 0 1 - —
25 0 0 5 — —
Jul. 4 0 1 3 - —
16 0 13 il oy 172 0 23
24 0 22 6 140 0ii 123
29 5 =182 3x2 525 — —
Aug. 6 — — 22 1843 0 834
13 0 490 11 1630 165205
20 1= 151, 5 566 — -
30 0 4 0 26 0 6
Sept. 9 1 54 0 89 0 4
16 0 7 0 25 0 1
0 0 0 0 0 0

Oct. 3

In the period from the end of May to
the middle of July, a small number of spec-
imens of C. tritaeniorhynchus-vishnui com-
plex were collected by the light traps.
The number of the specimens collected in
that time was 14 % and 13 in total. The
first detection of male specimens was on
July 4. The number of the mosquitoes col-
lected by the light traps increased abruptly
in the end of July, and became the most
abundant in the beginning of August. It
reduced significantly in the end of August,
and again increased a little on September
9. This little re-eminence was observed
also in the mosquito collections made for
virus isolation test. On October 3, in any
of the three light traps the mosquito was
not found, and only 3 $% were secured
with aspirators in a cattle shelter.

Virus Isolation from the Mosquitoes

A total of 12,569 mosquitoes in 77 pools
were available for virus isolation tests
throughout the whole period of study. The
results of virus isolation tests are summa-
rized in Table 2. The overwhelming major-
ity of the mosquitoes tested were collected
with the aid of aspirators in animal shel-
ters. Although a great number of mosqui-
toes were found in the carbon dioxide-baited
trap in early August, only 347% % of them
were tested in 2 pools. In the other time
than that, the trap attracted only a few
specimens of C. tritaeniorhynchus-vishnui
complex.

In the earlier season, the period from
May 28 to July 24, 688 mosquitoes were col-
lected and tested in 9 pools, and they were
exclusively negative for virus. The initial
isolation of virus was made in one of the
9 pools made up of the 1,545 mosquitoes
collected on July 29, but no virus was re-
covered from the 4 pools made up of the 564
mosquitoes collected on August 2. In the
subsequent period from August 6 to 20,
8,087 mosquitoes were collected and tested
in 41 pools. As the result of the tests, 27
of these mosquito pools were positive for
virus. In the later period, the number of
the mosquitoes tested became smaller with
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Fig. 4. Seasonal prevalence and Japanese encephalitis virus infection of the vector
mosquitoes at the study site and Japanese encephalitis epidemic in Fukuoka Prefecture in
1963.

A : Seasonal prevalence of the vector mosquitoes, Culex tritaeniorhynchus-vishnui com-
plex. Graphical representations were made from the results of light trap collections. The
solid line showing the result in the cattle shelter B, the chain that in the cattle shelter F,
and the broken that in the fowl shelter H.  The indecies are expressed as the logarithm
of the number of mosquito plus 1.

B : Virus isolations from the vector mosquitoes. A solid part showing the number of
the positive pools for virus.

C : Daily occurrence of the patients with Japanese encephalitis, who were confirmed
through serological tests. The data are from the publication by Manako et al.
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the rapid decrease in the mosquito popula-
tion. The 13 pools made up of the 1,674
mosquitoes collected on August 30 and Sep-
tember 9 and 16 were exclusively negative
for virus, but one pool containing 10 mos-
quitoes collected on September 26 was posi-
tive for virus. Thereafter virus isolation
was not made owing to extreme scantiness
of mosquito material.

Finally 29 strains of virus were isolated
from the mosquitoes of C. tritaeniorhyn-
chus—vishnui complex. The isolated strains

Table 2. Isolation of Japanese encephalitis
virus from the mosquitoes of Culex tri-
taeniorhynchus-vishnui complex.

Date Number Number Virus Isolation
mosq. of of e rate
coll. mosq. pool ik (%)
May 28 1 1 0 0
Jun. 12 0 — s e
25 13 1 0 0
Jul. 4 3 — — e
16 112 2 0 0
19 211 3 0 0
24 5352 3| 0 0
29 1545 9 1 11.1
Aug. 2 564 4 0 0
6 24384 13 9 69. 2
13 3153 16 10 62.5
20 2450 12 8 66. 7
30 151 3 0 0
Sept. 9 1186 7 0 0
16 337 3 0 0
26 10 1 1 100
Oct. 3 3 — — —
Table 3. Comparison among the isolation

rates in various mosquito sources.

Mosquito Nuomfber Number

Virus Isolation

of et rate

source mosgq. pool positive (%)
Pig shelter 4645 27 10 37. Oﬁ
Cattle shelter 5785 35 15 42.9
Fowl shelter 842 5 2 40
Carbon dioxide-

baited trap 347 2 J 50

i 950 9 1 1 i

Mix

are designated as JaFAr (Japan, Fukuoka,
Arthropod born)-No. of mosquito pool plus
1963 according to the manner proposed by
Oya et al.?®

A comparison of virus isolation rate
among different mosquito sources is given
in Table 3.

Serological Confirmation of the Viruses
Isolated

Hemagglutinating antigens were pre-
pared from all of the 29 strains isolated.
With these antigens, the series of hemagg-
lutination tests and hemagglutination-inhi-
bition tests were completed. For the refe-
rence, Nakayama-NIH and JaGAr %01 anti-
gens were simultaneously tested. As the
result of hemagglutination tests carried out
at pH 6.2, 6.4, 6.6, 6.8 and 7.0, every
antigen of the isolated strains was found to
have a good titer of hemagglutination. In
all cases, the maximum titer of hemagglu-
tination was found at pH 6.6 or at pH 6.6
to 6.8. In this respect, the antigens were
clearly differentiated from the Nakayama-
NIH antigen, but preferably related to the
JaGAr %01 antigen. The hemagglutination
pattern of each antigen was presented in
Table 4, referring to those of the Naka-
yama-NIH and JaGAr #01 antigens.

Employing 8 units of the above antigens,
a series of hemagglutination-inhibition tests
was performed with the hyperimmune
mouse sera against Nakayama-NIH, JaGAr
#01 and JaFAr-11363 strains. Both the
two sera against Nakayama-NIH and JaGAr
£01 strains inhibited the hemagglutinating
activity of all the antigens of the isolated
strains, and also the serum against JaFAr-
11363 strain inhibited those of the Nakaya-
ma-NIH and JaGAr %01 antigens. Moreover,
the serum against JaFAr-11363 strain inhib-
ited the hemagglutinating activity of the
other antigens of the isolated strains as well
as the homologous one. The reciprocal titers
of the three sera against each of the anti-
gens tested were given in Table 5, in which
the difference among the strains was hardly
recognizable.
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Table 4.

Result of the hemagglutination tests with the antigens
of the 29 isolated strains.

Sept. 4, 1966

Mouse Hemagglutination titer at pH
Strain Antigen brain

passage 6.0 6.2 6.4 6.6 6.8 T

Nakayama-NIH AEFD 3200 6400 12300 3200 800 —
JaGAr %01 SAFD 6 — 6400 12800 25600 25600 6400
JaFAr-11363 SAFD 3 — 12800 12800 25500 12800 3200
JaFAr-11963 SAFD 4 — 3200 6400 12800 12800 3200
JaFAr-12163 SAFD 4 — 1600 3200 6400 6400 3200
JaFAr-12263 SAFD 4 — 3200 12800 25600 12800 3200
JaFAr-12463 SAFD 2 — 3200 6400 12800 12800 6400
JaFAr-12563 SAFD 4 — 6400 12800 12800 12300 1600
JaFAr-12663 SAFD 3 — 3200 6400 12800 6400 800
JaFAr-12963 SAFD 3 — 3200 6400 12300 12800 1600
JaFAr-13263 SAFD 3 — 3200 6400 12300 6400 3200
*JaFAr-13363 SAFD 3 — 400 800 3200 3200 1600
JaFAr-13863 SAFD 2 — 1600 3200 12800 6400 1600
JaFAr-13963 SAFD 2 — 1600 6400 12800 6400 1600
JaFAr-14163 SAFD 3 — 800 1600 3200 1600 800
JaFAr-14263 SAFD 3 — 1600 3200 6400 3200 800
JaFAr-14363 SAFD 3 — 1600 3200 123800 6400 1600
JaFAr-14463 SAFD 3 — 1600 3200 12800 6400 1600
JaFAr-14563 SAFD 2 — 3200 6400 12800 6400 3200
JaFAr-14763 SAFD 3 — 6400 12800 25500 12800 3200
JaFAr-14963 SAFD 2 — 3200 6400 12800 12800 3200
JaFAr-15163 SAFD 3 — 3200 6400 25600 12800 3200
*JaF Ar-15363 SAFD 2 — 1600 3200 6400 6400 1600
JaFAr-15463 SAFD 2 — 800 3200 6400 6400 3200
JaFAr-15563 SAFD 2 — 3200 6400 12800 12800 3200
JaFAr-15663 SAFD 2 — 3200 6400 25640 12800 3200
JaFAr-15763 SAFD 2 — 3200 6400 12800 6400 3200
JaFAr-15963 SAFD 2 — 3200 6400 12800 12800 3200
JaFAr-16263 SAFD 3 — 3200 6400 12800 6400 3200
JaF Ar-16463 SAFD 2 — 800 1600 3200 1600 800
JaFAr-17863 SAFD 4 — 3200 12800 25600 25600 3200

Abbreviations. AEFD : Freeze-dried acetone-ethel antigen, which was supplied from
the Chemo- and Sero-terapeutic Research Institute, Kumamoto. SAFD : Freeze-dried sucrose-

acetone antigen

* One-day-old chick erythrocytes were applied
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Table 5. Result of the hemagglutination-inhibition tests with the hyperimmune
mouse sera and the antigens of the 29 isolated strains.

Antiserum (Mouse)

Strain Antigen VAP 16 ut Nakayama-NIH JaGAr #01  JaFAr-11363
P 4 inj. 4 inj. 4 inj.
No. 2412 No. 2648 No. 2292
Nakayama-NIH AEFD 6.4 1: 800 7 5 6
JaGAr 01 SAFD 6.8 1:1600 5 6 5
JaFAr-11363 SAFD 6.6 1:1600 5 5 6
JaFAr-11963 SAFD 6.8 1: 800 5 6 6
JaFAr-12163 SAFD 6.8 1: 400 5 5 5
JaFAr-12263 SAFD 6.6 1:1600 6 6 6
JaFAr-12463 SAFD 6.8 1: 800 5 5 5
JaFAr-12563 SAFD 6.8 1: 800 5 6 6
JaFAr-12663 SAFD 6.6 1: 800 5 6 6
JaFAr-12963 SAFD 6.8 1: 800 5 6 6
JaFAr-13263 SAFD 6.6 1: 800 5 5 5
*JaFAr-13363 SAFD 6.8 1: 200 4 5 —
JaFAr-13863 SAFD 6.6 1: 800 5 6 5
JaFAr-13963 SAFD 6.6 1: 800 5 5 6
JaFAr-14163 SAFD 6.6 1: 200 5 5 5
JaFAr-14263 SAFD 6.6 1: 400 6 6 6
JaFAr-14363 SAFD 6.6 1: 800 5 5 5
JaFAr-14463 SAFD 6.6 1: 800 5 5 5
JaFAr-14563 SAFD 6.6 1: 800 5 6 6
JaFAr-14763 SAFD 6.6 1:1600 5 6 6
JaFAr-14963 SAFD 6.6 1: 800 5 5 5
JaFAr-15163 SAFD 6.6 1:1600 5 5 6
*JaFAr-15363 SAFD 6.6 1: 400 5 5 =
JaFAr-15463 SAFD 6.6 1: 400 5 5 5
JaFAr-15563 SAFD 6.8 1: 800 5 g 5
JaFAr-15663 SAFD 6.6 1:1600 5 5 5
JaFAr-15763 SAFD 6.6 1: 800 5 5 5
JaFAr-16263 SAFD 6.6 1: 800 5 6 6
JaFAr-16463 SAFD 6.6 1: 200 5 5 6
JaFAr-17863 SAFD 6.8 1:1600 5 5 5

Abbreviations. Refer to those in Table 4.

* The tests were carried out in a separate series with chick cells and the separate
lots of sera. Sera employed : Anti-Nakayama-NIH mouse serum, 4 injections, No. 423;
Anti-JaGAr %01 mouse serum, 4 injections, No. 471.

The titer of hemagglutination-inhibition is represented by the number of serum
dilution tube (twofold dilution). The initial dilutions of the three sera are 1: 40.
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DISCUSSION

The mosquito collection made by the
carbon dioxide-baited trap and that made
by picking up in animal shelters were in-
adequate to estimate the seasonal prevalence
of the vector mosquitoes. The carbon di-
oxide-baited trap failed to produce adequate
numbers of the mosquitoes in the early and
late seasons. This was satisfactory only in
mid-summer. Recently Omori et al.'® dem-
onstrated that carbon dioxide-baited trap
was superior in obtaining a large number
of the mosquitoes of C. tritaeniorhynchus
especially in early spring. The discrepancy
between the two results may be due to en-
vironmental difference at the place where
the traps were located. The mosquito col-
lection made by picking up with aspirators
in animal shelters was of great advantage
to provide an adequate number of the mos-
quitoes alive for virus isolation tests, but
it was found to be unfavourable to measure
the mosquito population. The collecting
works in this way had been prosecuted
rather freely in time and place in order to
obtain as abundant the mosquitoes as pos-
sible.

Compared with the mosquito collections
mentioned above, the mosquito collection
made by the light traps was reliable to es-
timate the seasonal prevalence of the mos-
quito population, because it had been op-
erated throughout the whole period under
uniform condition. The results of the three
light trap collections were approximately
similar, regardless of the fact that the light
traps were operated respectively at different
animal shelters. It can readily be under-
stood that the results from the two cattle
shelters were similar, as the environmental
elements were essentially equivalent be-
tween the two cattle shelters B and F. How-
ever, it will be noteworthy that the mos-
quitoes were collected in large numbers at
the fowl shelter H as in the cattle shelters.
As a general rule, it is well accepted that
the mosquitoes of C. tritaeniorhynchus are
less attractable to fowl.  The above fact
was probably caused by phototropism to trap
light or chemotropism to carbon dioxide gas

Sept. 4, 1966

exhaled from an army of fowls. This in-
terpretation may be supported by the other
fact that the most of the mosquitoes col-
lected in the fowl shelter H were unengorged
females while those in cattle or pig shelters
were engorged ones.

The possible curves of seasonal preva-
lence of the mosquitoes were illustrated in
Fig. 4. The curves apparently show that
the mosquitoes occurred predominantly dur-
ing the period from the end of July to the
middle of August and that the peak of
occurrence was in the beginning of August.
The population of the vector mosquitoes was
abruptly decreased in the end of August
and increased again a little in the begin-
ning of September. The abrupt depression
in the end of August may be caused to the
extensive application of insecticide for rice
pest control. In this area the first exten-
sive control for rice pests was carried out
on July 23 and the second on August 25.
Then, the little re-eminence of the mosquito
population may be recognized as a recovery
from damage caused by the insecticide ap-
plication.

On the other_hand, the results of virus
isolation tests showed that the infected
mosquitoes were densely distributed in this
area through the prevailing season of the
mosquitoes. i

The initial isolation of the virus was
made from the mosquitoes collected on July
29, but none was from those collected on
August 2. This fact suggests that the
proportion of infected mosquitoes to total
population was not sufficiently grown yet in
that time. Subsequently, the number of the
infected mosquitoes had grown very rapid-
ly. In the period from August 6 to 20 the
isolation rate exceeded 60 per cent. This
value gives 1 : 299 of minimum infection
frequency, assuming that only one infected
mosquito was contained in each pool. Al-
though it is rather difficult, owing to the
difference in pool size, to make an accurate
comparison among the infection frequencies
demonstrated by the various authors, the
value ranks high among those hitherto re-
ported.

Since August 30, the results seemingly
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represent obvious wane of mosquito infec-
tion in accordance with declining of the
mosquito population. This is probably result-
ed from smaller numbers of the materials
tested. However, one successful isolation
was made from the 10 mosquitoes collected
on September 26.  Although this is the
latest isolation of Japanese encephalitis virus
from mosquitoes in Japan except Okinawa'®
as regards the date of mosquito collection,
such successful isolations in the later season
have been already demonstrated by Buescher
et al. ® at Sagiyama heronry in 1956. In their
paper, one was made from the mosquitoes
collected by a heron-baited magoon trap on
September 14 and the other from those by a
pig-baited magoon trap on September 21.
These evidences reveal rather a fact that
some of the mosquitoes infected in mid-
summer had survived until autumn season
than a fact that some mosquitoes were newly
infected. According to the serological surveys
made by Scherer et al.,'® Tamasaki et al.
w719 and Kawakubo, »7'® swine, the most
suspected amplifier, fed in epidemic areas
acquire specific antibody at a rate of 90 per
cent or more by late summer at latest.
Therefore, the possibility that some mos-
quitoes acquired virus in autumn season be-
comes smaller. In contrast, Gresser et al.'”
showed the evidence that the infected mos-
quitoes of C. tritaeniorhynchus were as
capable of surviving for three to four weeks
as normal ones. Aside from the scattered
isolations made in late July and late Sep-
tember, it appears demonstrative that the
prevailing time of mosquito infection was
the about two to three weeks from the be-
ginning to the end of August.

There is a problem whether the infec-
ted mosquitoes were, even in a study site,
predominantly found around a particular
place or not. In connection with this prob-
lem, Arai et al.'® showed an interesting
result that the isolation rate was far
higher in a confined group of the mosqui-
toes which were collected around a cattle
shelter on one particular day of late July
than in the others. For this problem, the
authors can not draw any conclusion, but

a comparison of isolation rate among the
mosquito groups classified by source shows
no significant difference. Probably the mos-
quito infection in this area occurred simul-
taneously all over the area. The distribution
of infected mosquitoes, however, undergoes
a great change with the lapse of time.
The most convincing approach to the prob-
lem will be to determine the dispersion of
the vector mosquitoes.

In 1963, a large-sized outbreak of hu-
man encephalitis occurs in and around Fu-
kuoka Prefecture. One hundred and twenty
patients were serologically diagnosed as Jap-
anese encephalitis in the department of
serology of the institute. The further
studies on human encephalitis in Fukuoka
Prefecture have been presented by Manako
et al.’ All the patients with serological
confirmation occurred between August 1
and September 18. The vast majority of
the patients were during the about four
weeks from August 18 to September 12,
and the peak of occurrence in late August.
As is well known, it has been asserted by
Mitamura et al.* and Wang et al.* that
the mosquito infection occurs two-week
prior to human epidemics. Also recognized
is, in the present study, the interval of
about two weeks between the median times
of the two phenomena.

Judging from the facts discussed above,
the essential feature of the mosquito infec-
tion in the present paper is similar to those
presented by Wang et al.*’ and by Hurlbut®
in Taipei area, Taiwan, but is somewhat
differable from those by Buescher et al.?
in Kanto plain, Japan.

SUMMARY

Since 1962, a series of studies to ana-
lyse the mode of mosquito infection with
Japanese encephalitis virus in the suburbs
of Fukuoka City has been progressed in
Uchihashi village, Kasuya-gun, which is

- located 3 km northeast of Fukuoka City.

In the present paper, both the seasonal
prevalence and the pattern of natural in-
fection of the vector mosquitoes, Culex
tritaeniorhynchus-vishnui complex, are en-
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tirely presented throughout the period from
May 28 to October 3 in 1963.

The seasonal prevalence of the mosquito
population was indicated by the individual
numbers of the mosquitoes collected by
light traps. The mosquito infection was
determined by means of virus isolation
from the mosquitoes collected in animal
shelters and those collected by a carbon
dioxide-baited trap.

1) Seasonal prevalence of the vector
mosquitoes: The results of the three light
trap colletions were approximately similar
to each other. They apparently indicate
that the mosquito population was explosively
increased in late July and was rapidly de-
creased between the end of August and the
beginning of September. The most predom-
inant time of the mosquitoes was found
in the beginning of August.

2) Natural infection of the vector mos-
quitoes: As the result of the virus isolation
tests with the 12,569 female mosquitoes
of C. tritaeniorhynchus-vishnui complex in
77 pools, 29 strains of virus were isolated.
Of the 29 strains, 27 came from the mos-
quitoes collected between August 6 and 20,
one from those collected on July 29, and
the other from those collected on September
26. Aside from the two additional isola-
tions, it will be determined that the prevail-
ing time of mosquito infection was during
the two to three weeks from the early part
to the lete part of August.

3) Correlation between the wmosquito
infection and the human epidemic: The
larger number of the patients confirmed
through serological tests occur during Au-
gust 18 to September 12. Then the mos-
quito infection is approximately two-week
prior to the human epidemic, as compared
the median times of the two phenomena.
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