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ABSTRACT 

In studies designed to investigate the role of snakes in the 
ecol°Sy of Japanese encephalitis fJE) virus in Korea, 747 snakes 
representing^ different species .ere collected during 1%6 and 

y./* Two Sn.r,^ris of JE Vlrus were isolated from the snakes, E 
rufodorsata CANTUli caught in the rural area near Seoul. Plasm* 
.»ampies .rom 1.,7/5 snakes collected in Korea during 1965 and l9b9 
were assayed for serologic evidence of infection with JE virus by 

r^r^YnhlbU-n Le3t* .Hem*ggiutnation inhibiting 
?ror Were dem?n-Lratecl in of the snakes. Plasma samples 
i rom 603 anajces collected during 1968 and 1969 were assayed for 

serologic evidence of JE infection by an in vitro plaqueneutrai- 
^ation method. Neutralising antibodies were demonstrated in 2.8* 

to .ai snakes. Ihat snakes are effective as reservoir hosts lor 
JE virus is discussed. r 



introduction 

The ecology of Japanese encepnalatis vir^ f 
dear yet, especially about overwintering mechanism^nf • C°mP eteIy 
temperate tone like Korea., One of th« hvnoth^ ulrUS ln the 
overwinters in the hibern¡tinTc^d^loo^a:^^: ^ 

ovar„SertiiSthe\^esr(nS^P?i;f ^ ^ 
antibody fonnation and^roliferatio^o^the^virus^f^^I^5 ^ 

infected fih" naturaily 

- iá“” 

MATERIAIS ^ND METHODS 

Snakes 

“f non-poteonoue co^on 

rr- 50 to to c¿. Tï:ïL"iâ,irÂ.r”^ï8r7“g- ^the i,,ngth 
IJ Eiaphe ruiodorsata CANTOR fn* 
2) Matrix tigrina iateralia üERTHOLD 
3; Eiaphe achrenckii STRAUCH 
4) Dxnodon rufozonatun. rufo zonal air, CANTOR 

Snakes were collected throughout a year but w«*r* not „n 
from December to i'ebruary and the main collecting ¡Tt! b to caPture 
rice peddle, of .uburbm .r.„ o? SÍSi' ^ th“ 

Viruses 

The l ollowing < viruses were used for nrAnn»*«» < 
glutinins and as controls for identificition of til IJ JEV Mk/*;uA ij i .nou ication oi the isolated viruses. 

2 wl,, nn. (,£> h "»>“»<> PM»t«e. 
«st Nile (Wli) virus, Uih mouse passers. 

'TolZT™ ”nc'ph*lll‘5 (WEE) Vlnj*- ind mouse ln our 

.uppiïe? f^'D“dKre?: '"m^N Tiruio^11^’ ,ic;sm wr*kind^ 
Dr. Smadel in I954. * *I,H* beoui» Korea he obtained from 

Isolation of Virus 

and Ä nefedíf :eU^0wÂbín"srdÒrnPUnC^re 1 ^ 
dilution of plasma was Ssõíbed “ ^ ^ ^ ^ °r 1:lü 
2 oz prescription bottle tor plaque tormaîioî (5)! 13 Cuitured in 
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E-^,flue neutralization and inhibition test 

Plaque neutralizing and inhibiting antibodies to JE virus were mea¬ 

sured m primary chick embryo ceils b) and analysis of the results are 

' 6 porter 1 ield'3 methods (6,5), Control antiserums to JE, WN 
and WEE viruses were groups of 5 rabbits immunized by intracuUnaflltó 

inoculation of suckling mouse brain suspension of the above described 
viruses• 

Hemagglutination inhibition test 

, Äscher et al7 s method (?) was employed except that virus 
s.ram M5/iV6 was used to make hemagglutination antigen. In the test 

performed in I%73 acetone extraction of plasma was done twice and since 
Ijoi. acetone extraction was done three or four times. 

UESULTS 

Isolation oi Japanese encephalitis virus 

In lv6b and 196?, 204 and 543 snake plasmas were tested for the 

isolation oí virus in primary chick embryo cells with agar overlay. 

11 T[?re were r^f dil'ferent species in the collected snakes and among 
them, there were 184 and 510 Elaphe rufodorsata CANTOR. Two strains of JE 

virus were isolated from the snake 3-6-182 collected at pupyung. 20 miles 
away from Seoul on October 19, l90b and the snake 3-7-283 caught at 
Jangwidong near Seoul on July 16, 196? (Table 1). And 0.2 ml of 1:10 

diluted plasmas formed 4 and 5 plaques respectively. 

°! the v,irus Kas d°ne hy plaque neutralization and 

™ l” primary chioK embr3r<> oells O,«) and as controls, JE, 
WN and WEE viruses were employed. * > 

Frequency of HI and neutralizing antibodies to JE virus 

An wer® te3ted for Hl antibody to JE virus. 

JE Íiruíbl Thî ai J® E* rurodorsata CAÍJT°ft contained HI antibody to 
JE virus. This is the first demonstration of antibody to JE virus in 

snakes collected in nature. The highest titer was 1:320 and most of them 

belonged between 1:10 to 1:40. In 1966, 204 snakes were caught and about 
W)/ of E. rufodorsata CANi'OR haa HI antibody to JE virus. 

There were fouj different species in the snakes, but most of them 

paddies thf13 inhabit near the rice 

tesUd ^found that 

h. ,.fs tiie, sd°ws 540 snakes were caught in 1968, and 70iC of them 
lad hi antibody to JE virus. This higher proportion compared with 

previous years is a result of three times performance of acetone extrac¬ 

tion, because we found that the proportion becomes higher when the acetone 

extraction was done three or four times than twice and we did so since 
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possessed 
.1.908» 18 snakes were caught 
HI antibody to JEV (Table 2). 

in 1969 and about 54# of them 

In 1968 and 1969, neutralizing 
plasma was done. As shown in table 
out of 68.3 snakes. 

antibody test to JE virus with snake 

3j> antibody was demonstrated from 19 

DISCUSSION 

J1'6 a“t,hor has isolated one strain of JE virus from the snake col- 

^tibodvntí°ír 0n tCt0ber ^ 1V6° ^ the firat tlme- At that time HI 

rt™isoï:jr&srîtpred to be “the piasma the snake and the virus was isolated. So it became more interesting to study the relation 
ships between JE virus and snakes in the nature. 

nna, Artli'^?;ai injection of JE virus into the snake caught in Korea 
induces antibody production and proliferation of the virus was proved bv 
Viremaa but the results „ere not so regular as in „arm bloõdld^Sls7 

aniihiv ir so>.varlouf/actors affecting JE virus multiplication and 
antibody formation in the snake are still being studied. 

hv Pfasmas rre obtained inom 543 snakes collected in the field 

I« f“PUn Ure,u-Afd 0ne 0f the snake Piasmas diinied l:lü produced 5 
fipH ! nî P5lmarJ chtck eIftbry° cells and subsequently they were identi¬ 
fied as JE virus by plaque neutralization test. ^ ^ e iaenx'1 

Because of the snake piasma is very toxic to the cells (8) it can 

least6 diluted ^ mÍCe without dilution. So it must be, at 
rptu diluted 1.10 to produce plaque formation in primary chick embryo 

nSL; of ihan 6 spe<'ulated that if undiluted plasma is ïsed, larger 
number of the virus plaque is expected to be produced. If another system 
of cells, which has strong resistance to toxicity of snake piasma and has 
better capability of producing plaque formation, or such a kind of method 
is discovered larger number of the virus can be isolated. îirus isola?L 
from plasmas of the snakes caught in 1968 and 1969 is in progress now. 

As the results indicate in Table 2, about 50# of the total snakes 

viíis! in he íleid in 1965 and iV6b had Possessed HI antibody to JE 

Qnfl. In 196^ compared the proportion of HI antibody to the virus with 
snakes caught by months and found that antibody containing proportion in 

July, pre-epidendc seLon^ut 
60-70^ during July, August, September, Lctober, epidemic season in 
November the proportion fell to 28*. P season, in 

This phenomenon seems to have some relations with the fact that ma-iv, 

vector mosquitoe of JE in Korea, Culex tritaeniorh^chus (vj? app^rs 
after June, reaches to the peak in August and September, and disappears 
âfter November and that the main breeding site o? the mosquitoes isrice- 
paddies, the same place whereE. rufodorsata CANTOR breeds, and consequent 
ly snakes have many chances to be involved with the vector mosquitoes? 
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n^at^r/vain!1, ^ tried Lo coliect snakes during winter season 

A.ter det-cting the HI antibody to the virus in the snake plasma to 
solve tne quenxon whether this anybody is non-specific materialTioï 

vi^rL^^? f ",r" emPL°y<* <-» '■emove non-3p<,cmc inhibitors to JE ’ 
viru.^ hemagglutinin, and removal of acetone soluble non-specific lipids 

so rr i9rone ex;r4ciHion increased hi ut«? t0 jE víL. 
n?Lnfl h!f 96 ^ Pp[to™ed trir'ee or four times acetone extraction of 

titn S ï^ fSï° X; jhe reSUlt °f thiS rePeated acetone extrae- 

ÏW and 1%9 ™ps1ti;ei;; Sata CAii™ aPPeared t0 be p0sltiTe “ 

3uenrv°nfVpn^ t'i?e?e idSures did not correlate with the incidental fre¬ 
quency o: enuephali is cases in human because in lyó?, 810 among 2 691 
patients died and in 1968. 396 among 1.,226 patients died in^fa!, 

m th1" tn! feIatlon6fuP between antibody containing proportion 
fromhno"nakeS ePLderaLC in human is yet a problem to be studied 
rom now on. And as we see in table 2, one third of HI positive snake 

plasmas showed titer 10. F oxuuvc anaxe 

Because HI antibody to JE virus was considered non-specific on account 

the BTP h°"eVer> JE Virus is the ^ arbovî™, tïâî exi is in Korea -,o tar, snake plasmas collected in 1968 and 196 were 

Taflf q L?rluraLITg ^1000163 t0 JE virus. As the results indicate in 
Jo no ?y snake plasmas out of 683 snakes diluted 1;10 was proved 
to be positive, and this corresponds only to 2,8$. 

The result.s of the experiments on the proliferation of JE virus and 

jT; lVj) naVe °larlfLed that HI ^ nehtralizi^tZii.3 do no exist at the ¿ame time m the snake as do exist in the warm blooded 

snakpfrhSr yH and t'íleí:r exisUnS time ^ irregular and the number o/ Ü 

o?1he vuÍaP^° Wry ^ after 

in 

of cold biooded 

i According to the results so far obtained in the survey, snakes may 
play as a reservoir of JE virus in the endemic area. 

SUMMARY 

U CANTUR^Lhi JE TY“3 Wef iä0lated fro” th« snakes, B. rufodorsata 
CANTOR, caught in the rural area near Seoul in 1966 and I967. 

2* fLí n1 a"tlbody test to ^ virus with 1,868 snake plasmas 
from 1965 oo 1969, about 51% of the snakes collected in naturezas 
JO031 L ive 0 

The result of neutralizing antibody test to JE virus with the 

ï; and ~ - ^ 
3. 
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Table 1 

Isolation of JE virus from non--poisonous 
snakes in Korea collected during lyòfc and 1967 

Species of snake 

No. of JE virus isolation 
Total No, tested 

1966 1967 

Elaphe rufodorsata 
CANTOR 

1* 

184 

i 

510 

Matrix tigrina lateralis 
BERTHOLD 

0 
11 

0 
22 

Elaphe schrenckii 
STRAUCH 

0 
6 

o
l
o
 

\r-t 

Dinodon rufozonatum 
rufozonatum CANTOR 

0 

3 
0 
I 

JEV S- 6“182 (10/19/66 Pupyung, Kyungido; 
«•;; jEv 3-7-283 (7/16/67 Changwidong, Seoul) 
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Table 3 

Uccurrence of plaque neutralizing antibodies to JE 
virus from snakes in Korea collected during 1%8 and 1969 

No, of positive . 19 , o ^ 
Total No. tested ^3 ' 

bpecies of snake 
No*of neutralizing antibody positive 

No. of tested 

I9b8 I9fc9 

Elaphe rufodorsata 
CANTOR 399 

lu 

2UU 

Natrix tigrxna lateralis 
BERTHOLD 

u 

7 
0 
21 

Elaphe schrenckii 
STRAUCH 

0 
Z 

0 
l 
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In studies designed to Investigate the role of snakes In the ecology 
of Japanese encephalitis (JE) virus In Korea, 747 snakes representing 4 
different species *ere collected during 1966 and 196?. Two strains of 
JE virus were isolated from the snakes, E. rufodorsata CANTOR caught In 
the rural area rear Seoul. Plasma samples from 1,775 snakes collected 
in Korea during 1965 and 1969 were assayed for serologic evidence of 
infection wi*h JE virus by hemagglutination Inhibition test. Hemaggluti¬ 
nation inhibiting a tibodles were demonstrated In 54# of the snakes. 
Plasma samples from 683 snakes collected during 1968 and 1969 were 
assayed for serologic evidence of JE infection by an In vitro plaque- 
neutrallzatio;; metnoi. Neutralizing antibodies were demonstrated In 
2.8# of total snaKee. That snakes are effective as reservoir hosts for 
JE virus Is dlSwuased. 'Author) 
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