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Abstract: In the previous paper, it was indicated that the mosquito and pig infection in
Okinawa island has usually been demonstrated from early April or May and vanished in
late September or middle October since 1966. It was also pointed out that such a long
period of JE virus dissemination in nature was never observed in Nagasaki area as well as
in the main island of Japan. In this paper, the local peculiarity of JE virus dissemination
by area in Okinawa island since 1966 will be described. The virus isolation from pig-sera
and vector mosquitoes and the detection of 2-mercaptoethanol (2ME) sensitive antibody in
pig-sera in every epidemic season were usually made earlier in the northern area than in the
middle and southern areas of the island. In 1976, JE virus was isolated from the
overwintered female vector mosquitoes caught in February as indicated in the previous paper.

This noticeable evidence was demonstrated in the northern area of the island.

It was reported that the earliest isolation of JE virus from mosquitoes of Culex
tritaeniorhynchus in Japan was made on 19th and 30th May in 1965 in Nagasaki area
(Takahashi et al. 1968 ; Hayashi et al. 1965) and the latest one was demonstrated on 5th or
6th September in 1963 or 1965 in Kanto or Nagasaki area respectively (Ova et al. 1963 ;
Shichijo et al. 1968). However, in the recent investigation on JE virus dissemination, it
was noted that the mosquito infection in Nagasaki area and also in the whole of Japan was
demonstrated from the middle or the late part of July to the early or middle part of August,
especially since 1973 (Fukumi et al. 1975 ; Wada et al. 1975 ; Hayashi et al. 1976). On the
other hand, in Okinawa island, the isolation of JE virus from pig-sera and vector mosquitoes

was usually made from April or May to October or November (Ura, 1976). In this paper,
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such a local peculiarity of the virus dissemination in Okinawa island was observed for the
northern, middlle and southern parts of the island and the localized situation of the ecology

of JE virus will be discussed.

MATERIALS AND METHODS

As shown in Fig. 1, Okinawa island was bounded into three districts for the geogra-
phical convenience ; namely, northern area north of Nago district containing a city, a town
and 7 villages, middle area including from Ginowan and Nakagusuku to Onna and Ginoza
districts containing 4 cities, a town and 9 villages, southern area south of Naha district
containing 3 city, a town and 14 villages. Pig-sera were collected at three slaughter houses
located in the northern area (Nago), middle area (Gushikawa), and southern area (Madam--
bashi on Ozato). Pig-sera were also identified for their breeding farms as shown in Fig. 1.
Vector mosquitoes were caught by light traps at the pigsheds located in each area and also
dry ice method was used in the field from January to March since 1973. The methods for

the examination of hemagglutination inhibition (HI) and 2-mercaptoethanol (2ME) sensitive
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antibodies in pig-sera and for the virus isolation from pig-sera and vector mosquitoes were

described in the previous paper.

RESULTS

Virus dissemination by local area from 1966 to 1968

The examination of pig-sera for HI and 2ME sensitive antibodies was fixed from
1966 to 1968, because there were difficulties to isolate the virus from pig-sera and vector
mosquitoes due to the insufficient equipment during these 3 years. So far as the dectection
of HI and 2ME sensitive antibodies was concerned, it was indicated that JE virus might
have been disseminated from the middle or the late part of April in these 3 years to the
late part of September in 1966 (Fig. 2, 3a, 3b). 2ME sensitive antibodies were detected in
pig-sera collected from January to March and after October in these 3 years especially at
the northern area. These events suggested the pig infection with the virus in the
interepidemic season. However, the identification of 2ME sensitive antibody in pig-sera
must be made carefully by using the methods of 2ME-iodoacetoamide treatment and analytical
centrifugation. In addition, it will also be necessary to isolate the virus from pig-sera and
vector mosquitoes in the interepidemic season for the improvement of the overwintering

problems of JE virus in the island.

Virus dissemination by local area from 1969 to 1972

Even though the date of the virus isolation from pig-sera and vector mosquitoes was
different in these 4 years (April 16, 1969 ; June 2, 1970 ; May 11, 1972), it was found that
the isolation of JE virus was usually made earlier in the northern area than in the middle
and southern areas’ of the island. It was also recognized that the detection of HI
antibody particularly 2ME sensitive antibody in slaughtered pig-sera was made closely in
parallel with the mosquito infection and with the events of the virus isolation from pig-sera.
So far as the detection of 2ME sensitive antibodies in pig-sera was concerned, it was
indicated that the possibility of vector mosquito and pig infection in the interepidemic season
in these 4 years would be presumed in the southern area especially in the northern area
(Table 1, Fig. 4a, 4b; 5a, 5b; 6a, 6b; 7a, 7b).

Virus dissemination by local area from 1973 to 1976

In 1973, in the northern and middle areas, the virus isolation from vector mosquitoes
and pig-sera was made on 7th and 19th July respectively. In contrast, the 2ME sensitive
antibody in pig-sera was found in the late part of May in the northern area. However,
the 2ME sensitive antibody in the sera of pigs bred and slaughtered in the southern area
was detected in January and February in 1973. It might be suggested that JE virus was
disseminated in the southern localized area in this year (Table 2, Fig. 8a, 8b). In 1974
and 1975, the mosquito and pig infection was observed from the middle part of May to the
late part of October and the early part of November in the northern area. In the middle

and southern areas, the virus isolation from pig-sera and vector mosquitoes and also the
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detection of 2ME sensitive antibody in pig-sera were made from June to September (Table
2, Fig. 9a, 9b; 10a, 10b). It was indicated that the virus dissemination in the northern
area might have been earlier and longer than that in the middle and southern areas in these
2 years. In 1976, 2 strains of JE virus could be isolated from overwintering female
mosquitoes of Culex tritaeniorhynchus caught in the northern area on 13th/15th February as
described in the previous paper. It was suggested that JE virus might have overwintered
persisting in the hibernated female vector mosquitoes and there might have been preserved
some particular situation in the northern area of the island. It was also noted that the
virus isolations from vector mosquitoes in the middle and southern areas were made on the
late part of May and July in this year (Fig. 1la, 11b).

Table 1 Detection of 2ME sensitive antibody and virus isolation from pig-sera
by month in the main island of Okinawa from 1969 to 1972

Year | 1969 1970 | 1971 1972
[2a] 7 €3] 0 @m (7] €3] w
o O =R 7} gl Q s 83
w3 w5 Stz vy w4 SfE vy si Er5 ¥R s 2LE

Month c8 o2 B¥8 53 52 24% 5% 5 822 57 42 848

SN A ELE R U FE PG T
e} el e}
g ¢ £8% 5§ 5§ E5% 2% 2§ £EE 2§ 23 B2
January 117 2(S) 0 120 0 0 90 0 0 86 5(S) 0
February 1056 1(S) 0 120 0 0 120 1(N) 0 90 0 0
March 103 1(N) 0 45 0 0 150 0 0 150 1(N) 0
April 117 3%73 WN) | 120 0 0 120 0 0 18 1(N) 0
May o7 14NY 28y | 119 2(s) o0 19 3¢s) N w6 2Ny 0
(s) (s)
(N) 1 (N ND)
June 124 240M) 1(S) | 149 17%@% 8%1513 150 28(M) 32(MJ; 103 1(S) 0
(S) (Ss) (S)

: (N) (N) (N)
July n.d. 60 0 0 60 14083 o 86 10083 2083
August ’ 60 0 0 30 1(S) 1(8) 150 35%@% 4%1\5’%
September | # 5 0 0 30 1(S) 1(N) 119 28%3 5%13
October ’ L5 0 0 30 1(S) 0 90 19%1% 4%‘%
November 7 30 0 0 29 0 0 57 0
December 7 60 0 0 30 0 0 59 0

|
Total | 663 45 4 1,101 19 8 958 49 39 | 1,254 100 15

Remarks : (N)-- North area M)+ Middle area (S)- - South area
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Table 2 Datection of 2ME sensitive antibody and virus isolation from pig-sera
by month in the main island of Okinawa from 1973 to 1976

Year 1973 1974 1975 1976
7 €3] % [sa] zqn) = V qw,) o j<a] - $7
8% ©® SrE w3 wv® =2PfE w3 w® 73 vy v =2Pa
Monh | 53 £ EHE 53 52 22F 57 pf 8B 5F 58 FEE
Ty EE fgo Ep EE 35o s T2 B8y Bx £2 88
= o el o =] ! =] =]
58 2% 525 2§ 2§ &5 23 29 85 23 28 &%
January 116 3(S) 0 90 0 0 90 0 0 0 0 0
February 90 3(S) 0 120 0 0 120 0 0 0 0 2(N)
March 9 0 0 9 0 0 120 0 0 0 0 0
April 90 0 0 120 0 0 15 0 0 30 0 2(N)
May 90 1N) o 150 5(N) 1(N)| 155 0 2D 90 48NS 6N
June 149 7%1\]\/113 5N 190 10N 4yl 120 8N sy 90 10N s
&8 s ) o &
_ o)) )
July 120 16%1\543 10 120 15%1% 6(S) 120 100MD 4%1% 60 5(N)  4(ND
(s) s)
(N (N 5 (N) (N)
August 120 12653 483 120 20883 1)) 10 16683 sl 0 o 0
(N (N o)
September | 119 5(M) 2(N) 90 3(S) 0 120 4083 o 30 10M) 2
an (S) (S
October 120 1(N) 0 120 2%% 0 150 1(N)  1(ND 60 sgl\é[g 0
November 90 0 0 90 0 0 90 I(N) O 30 1(M) o0
December 60 0 0 60 0 0 60 0 0 n.d. n.d. n.d.
Total 1,250 42 12 {1,290 45 9 1,410 40 12 390 24 21

Remarks : See Table 1.
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DISCUSSION

The variation in time and period of virus isolation from vector mosquitoes by place in

the epidemic season was investigated in Nagasaki area in 1965 (Hayashi et al. 1965).
It was also indicated that the pig infection informed by HI antibody rising in the pig-sera
has usually extended from the southern part to the northern area of Japan (Hayashi, et al.
1975).  However, there has been little knowledge about continuous and detailed investiga-
tions on the local particularity of JE virus dissemination in the limited places. It was
demonstrated by the author in the previous paper that the time and period of JE virus diss-
emination in Okinawa island located in subtropical atrea was eariler and longer by about two
or three months than in Nagasaki area and in the whole of Japan (Ura, 1976). In this
paper, it is reported that the local peculiarity ot JE virus dissemination in the northern,
middle and southern areas of Okinawa island was investigated.

When the potential motion of JE virus in the interepidemic season was focused on the
detection of the 2ME sensitive antibody in pig-sera, it might be presumed that the pigs
happen to be infected with the virus at that time. On the standpoint of such a conside-
ration, it was noticed that the 2ME sensitive antibody was detected in the pig-sera collected
in the northern area and occassionally in the southern area of the island from January to
March since 1966 (Fig. 2a, 3a, Table 1, 2).  Following these events in the interepidemic
season, the virus isolation from pig-sera and mosquitoes was always made earlier in the
northern area than in the middle and southern areas in every epidemic season.  Iha (1971)
has reported that in the main island of Okinawa, the gonoactivity of Culex tritaeniorhynchus
female mosquitoes seems little affected with shortening of day length in cold winter months
and to continue feeding activity in warmer temperature during winter season whereas, the
female mosquitoes of Culex tritaeniorhynchus in Nagasaki area definately affected with
shortening of day length in spite of the environmental temperature (Kawai, 1969).
Furthermore, it was a noticeable finding that in the northern area, the virus isolation from
overwintered female mosquitoes of Culex tritaeniorhynchus caught in the field in the northern
area was made as presented in the previous paper (Ura, 1976). These events might have
been related to the industrial development of the island. Accordingly, the rice-field area
remarkably decreased in extent especially in the middle and southern areas of the
island, and it may be considered that the source for the breeding of the vector mosquitoes
diminished since 1973. In contrast, it was considered that certain favourable circumstances
particularly for the overwintering of the virus in interepidemic season must have remained

in the northern area of the island.
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