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Abstract An outbreak of enceplUllitis in 10 districts and 13 districts of Terai 
region of Nepal during 1985 and 1986 respectively were identified clinically 
and epidemiologically as one of Japanese enceplUllitis (JE). Morbidity, mor
tality, serological and entomological study results over two years have been 
recorded. A total of 595 and 1299 cases respectively in all age groups, both 
sexes, were admitted in various hospitals; 146 and 357 patients died (mortality 
rates 24.5 and 27.5 during 1985 and 1986 respectively). Early case detection 
and treatment constituted an important measure to reduce human suffering. 
JE virus was isolated from infected pigs; thus the diseases is proved to be a 
zoonosis. 

INTRODUcnON 

Since 1978 Japanese encephalitis, a zoonotic disease, has become a 
public problem in all Tarai districts of Nepal.4 This disease is also being re
corded almost every year in adjoining districts of India1 and maintained in 
enzootic forms under specific ecological conditions of the area.5 , 19 So far, 
JE virus has not been isolated from culicine mosquitoes, but 9 strains of the 
alphavirus Getah and 2 untyped viruses have been isolated from Sunsari 
districtJ 3. 15 

Anirnals - mammalians (pigs) and avians (ducks) - are important reser
voirs or amplifiers in the natural history of the JE virus. There is a question 
whether the JE virus is present only in pigs and ducks in Nepal or whether 
other animals like cattle, buffaloes, horses, sheep, goats, dogs and poultry 
need to be considered in future studies. 9 This is because in the 1985 and 
1986 outbreaks endemic/epidemic areas were identified where no pigs and 
ducks are reared by the farmers. 

MATERIALS AND METHODS 

The present study had three main objectives: 

(a) Follow-up epidemiological surveillance in the outbreak areas 

I 



2 D.D.JOSHI 

(b) Sero-entomological study, to try and isolate the JE virus strain from 
human patie.nts, animals and mosquitoes. 

(c) Suggestions and identification of future researchable areas in the field of 
JE in Nepal 

An epidemiological follow up surveillance study was carried out in all 
JE affected districts of Tarai during 1985 and 1986. Morbidity and mortality 
data were recorded from all hospitals and data were analysed. 

Human, animal - pigs, ducks and migrating wild birds - blood samples 
and cerebra-spinal fluid (CSF) were collected from all the areas. These sam
ples were sent to the U.S. Armed Forces Research Institute of Medical 
Sciences, Bangkok with the close technical cooperation and help of the 
British Army Medical Team, London School of Hygiene and Tropical Medi
cine, University of London, for detailed diagnosis. 

An entomological study was also carried out in the outbreak areas. Sur
veys of the mosquitoes breeding sites and their taxonomic study were 
done. Collected mosquitoes were also dispatched, after having been locally 
identified, to London as well as Bangkok for virus isolation. 

Table 1. Japanese encephalitis outbreak report during the year 1985 

S.No. Districts Alive Death Total Morbidity Mortality 
cases 

1. Jhapa 11 II 100 
2. Morang 289 105 394 73.4 26.6 
3. Sunsari 43 14 57 75.4 24.6 
4. Saptari 3 2 5 60.0 40.0 
5. Udaypur 9 9 100 
6. Pursa 9 4 13 96.9 3.1 
7. Rupendehi 74 18 92 80.4 19.6 
8. Kapilbastu 5 1 6 98.3 1.7 
9. Banke 5 1 6 98.3 1.7 

10. Kailali 1 2 50 50 

Total 449 146 597 75.5 24.5 
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Table 2. Japanese encephalitis outbreak report durin8 the year 1986 

S.No. Districts Alive Death Total Morbidity Mortality 
cases 

I. Jhapa 50 4 54 92.6 7.4 
2. Morang 243 61 304 79.9 20.1 
3. Saptari 4 4 100 
4. Sara 12 2 14 85.7 14.3 
5. Chitwan 39 8 48 81.2 18.8 
6. Nawal parasi 12 3 15 80.0 20.0 
7. Rupandehi 89 38 127 70.1 29.9 
8. Kapilbastu 3 1 4 75.0 25.0 
9. Dang 3 16 19 15.8 84.2 

10. Banke 102 56 158 64.6 85.4 
11. Berdiya 19 68 87 21.8 78.2 
12. Kailaki 284 90 374 75.9 24.\ . 
13. Kanchanpur 6 5 II 54.5 45.5 

Total 862 357 1299 72.5 27.5 

RESULTS 

Epldt!miologiCflI results 

Districtwise morbidity and mortality data for the year 1985 and 1986 
are tabulated in Table 1 and 2 respectively. For the year 1985 the morbidity 
rate was 75.5% and mortality rate 24.5%, whereas in 1986 morbidity was 
72.5% and mortality 27.5%. In 1986 the total number of reported cases was 
very high compared with 1985. 

Seasonal monthwise cases of JE for the year 1985 and 1986 are shown in 
fJgUres 1 and 2 respectively. High occurrence of the disease in both years was 
recorded. A similar high peak season was found in the months of August, 
September and October. This seasonal occurence of disease for other years 
(1983 to 1986) was confmned (fJgUre 3). 

Geographical distribution of cases by area along with data on total 
cases, morbidity and mortality for the years 1985 and 1986 are shown in 
fJgures 4 and 5 respectively. During 1985 the epidemic form of the disease 
was recorded in Eastern Tarai districts, whereas in 1986 mostly in Western, 
Midwestern and Farwestern Tarai districts. 
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Figure 1. MONrnwISE JAPANESE ENCEPHALITIS CASES FOR THE YEAR 1985 
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Figure 2. MONTHWISE JAPANESE ENCEPHALITIS CASES FOR THE YEAR 1986 
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JE in Nepal 

Figure 3, MONTHWISE JAPANESE ENCEPHALITIS CASES 
FOR THE YEAR 1983 TO 1986 
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Serological results 

Human serum and CSF samples results 

5 

A total of 700 serum and 50 CSF samples were collected during the 
years 1985 and 1986. Retrospective analysis of CSF samples using JEV IgM 
antibody capture ELISA indicated that 45.8% were positive in 1984 and 
79% in 1986. This showed that the aetiologic agent is the JE virus. Analysis 
of serum samples indicated that 32.5% were IE IgM positive. 

Pig serum samples results 

A total of 155 serum samples were analyzed: 22.35% had IE antibody 
titre. HEV IgM antibody capture ELISA configured using anti-swine mono
clonal antibodies indicated that 16.7% sentinel pigs seroconverted for JEV. 
Other serum sample tested with neutralization tests indicated that all the sen
tinel pigs were seronegative. This needs further study in other animals, because 
in some of the disease areas of Kailali and Kanchanpur districts pigs and 
ducks are not reared. 



Figure 4 

ENCEPHALITIS CASES OF DIFFERENT TARAI DISTRICTS-1985 --, -,--
I I 

I I 
~ , ... "-, ---" \-- -

I 

(r--l--'_ ....... 'r ... " 
I I-

f f -, 
--., 
~, 

," \ .... _-

INDEX 

DEATH § 
CURE 

TOTAL 

, , 
I 

I 
I 

, ___ ... ..l\ -'" 

"-' ~-... ~ , "', .... \ --, , -; ... - \ 
' A f I ............ \' \ , I 

I I 
I I ..;,.- ... .,.,-."1" 

l I , 

NEPAL 

',/--\.A I 

~ 
. 

I r. 

0.. 

t:I 
b 
0' 
rn 

== 



Figure 5 NEB\L 
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Entomorogical results 

Mosquitoes were collected in light traps. About 2,290,000 mosquitoes 
were trapped and have confirmed the presence of 41 species distributed 
throughout the affected areas. So far, virus isolation work is not yet com
pleted. 

DISCUSSION 

This disease is becoming a public health problem in South-East Asian 
countries. However preventive measures have been taken in Japan and other 
Western Pacific countries.2• 3 This disease is spreading in all Northern parts 
of India.1• 14 Continuous yearly outbreak of JE is recorded in Tarai areas of 
Nepal.9, 10. 18 In previous studies the mortality rate in children (0-14 years 
age) was 33%, the case fatality rate was 28.7%, and serological incidence rate 
was 21.85%.6 Pigs and birds serum samples were collected from the same 
area and tested for JE antibody and 33.78% were positive.7, 9,10 

From the epidemiological studies, the vector species responsible for the 
transfer of the JE virus from animals to humans is already identified. How
ever, the JE virus has not yet been isolated and future research studies need 
to be conducted.9 , 12, 15 

Future areas for research in IE in Nepal 

1. Epidemiological research on socio-economic and environmefttal 
factors associated with the incidence of the disease. 

2. Epidemiology of natural cycle of the JE virus in selected areas. 
3. Determination of the specific identity and the role of mamalian 

and avian reservoirs/amplifiers in the natural history of the JE virus. 
4. Experiments in animals to determine the effect of sequential immu

nization. 
5. Immunological study on the nature of antibodies at different stages 

of illness. 
6. Pathological study of the JE virus infection in patients and experi

mental animals. 
7. Research on development of vaccine by using indigenous JE strains 

isolated in Nepal. 
8. Research on biological control of vectors including protozoans, 

fungi and bacteria. 
9. Research on the susceptibility status of mosquito vectors to various 

insecticides. 
10. Research studies with regard to ecology, taxonomy, distribution and 

bionomics of suspected vector species particularly culicine mos
quitoes. 
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Suggestions 

1. Continuous epidemiological surveillance of JE, both in epidemic and 
non-epidemic areas. 

2. Medical and paramedical personnel to receive orientation/refresher 
training on differential epidemiology, clinical symptoms, laboratory, 
diagnosis, treatment, prevention and control of vectors of JE with 
dengue, meningitis and other forms of encephalitis. 

3. Animal Health Research Division, Central Animal Health Centre of 
the Department of Livestock Development and Animal Health 
should start epidemiological sentinel surveillance study in animals 
and birds both in epidemic and endemic areas. This research division 
should also be asked to report to the Ministry of Health any unusual 
rise in death rate amongst horses and other equines due to encepha
litis and increase in abortion rates among pigs. 
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New Development of Criteria on Japanese Encephalitis Vaccine 
Requirements in Japan 

A.OYA 

O.".rtment of VitoloWand RickmliOlogy 
Natiotllllln$litute of H .. lth, Japen 

Recently two changes were made for minimal requirements of Japanese 
encephalitis vaccine in Japan. One was a change of a virus strain to be used 
for production of vaccine. Another was a change of method to determine 
protein gontent of the vaccine. 

Japanese encephalitis (JE) virus strain to be used for vaccine production 

Since the minimal requirement of JE vaccine was issued in 1954, Naka
yama-NIH strain was used in Japan. It was considered that the antigenic 
character of JE virus strains was the same. However, evidence has been 
accumulated to show the existen~ of antigenic differences among JE virus 
strains isolated in different districts and in different years. 

Kobayashi and Ogata reported in 1960 that the isolates from mosquitoes 
from fields possessed a distinct antigenic structure from the Nakayama-NIH 
strain. In 1968, Okuno and others carried out HI antibody absorption tests 
using 26 isolates and disclosed that there were at least 3 immunotypes in JE 
virus, Nakayama-NIH, JaGAr-Ol and the intermediate. Further, in 1969, a 
large scale cooperative study was carried out by the National Institute of 
Health and local public health laboratories to examine the immunotype of 
JE virus isolates from various parts of Japan. They concluded that most of 
the current isolates possessed some different antigen or antigens from both 
Nakayama-NIH and JaGAr-Ol, however, also retained much common anti
gens to the Nakayama-NIH strain. 

In the meantime, outbreaks of JE have been reported in South-Asian 
countries since 1969 and WHO began to encourage cooperative research 
for the development of a JE vaccine applicable to all South-Asian countries. 

Under those circumstances, studies have been continued to find a more 
suitable vaccine strain to take the place of the Nakayama-NIH strain. In 
1983, a research group in Handai Biken prepared test vaccines with 10 strains 
of JE virus isolated in various parts of the world. Finally, they found that a 
candidate vaccine prepared with Beijing-l strain showed higher potency 
against a variety of JE virus strains of different immunotypes as shown in 
Fig. 1. A clinical trial was carried out with a candidate vaccine made with 

II 
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. Beijing-l strain by a study committee organized with the support of the 
Ministry of Health and Welfare of Japan. They concluded that the Beijing-l 
vaccine possessed a higher potency to produce NT antibody to the vaccinee 
and antibody produced in the vaccinee had a higher cross-reactivity to the 
heterogenous immunotypic strains of the IE virus. 

Considering those results, the Ministry of Health and Welfare of Japan 
decided to change the vaccine strain of the JE vaccine from Nakayama-NIH 
strain to Beijing-l strain in 1986. 

Change in method to determine protein content of JE vaccine 

To determine the protein content of the JE vaccine, the determination 
of nitrogen had been performed using the micro-Kjeldahl method. However, 
it was recognized recently that the present method to determine proten N 
content showed a wider error range since recent JE vaccine contained very 
low levels of protein (less than 10 micrograms of N per ml). It was suggested 
to change the micro-Kjeldahl method to Lowry's method to determine the 
protein content. 

A trial made by the cooperation with National Institute of Health and 
manufacturers was completed with a satisfactory result. Lowry's method 
was taken in the minimum requirement in place of the micro-Kjeldahl 
method and it was determined that protein content of a final product of 
IE vaccine shall not exceed 80 microgram per ml. 
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Inactivated Japanese Encephalitis (JE) Vaccine made from 
Hamster Kidney Cell Culture (a review) 

GU PEI.WEI', DING ZHI.FEN2 

1 Beijing In6titure of Biological ProductB, Beijing, Chillll 

2Chief. Department of JspllMIlJ encephaliti. 

INTRODUCTION 

In the early 1950's Japanese encephalitis (JE) was one of the most dan
gerous viral diseases in China. The epidemics of JE took place in the whole 
country except Xinjiang and Tibet. The incidence reached to 15-20 per 
100 000 population and the case fatality rate was as high as 30%. Since 1950, 
we have studied and prepared inactivated vaccines with infected mouse brain 
and chick embryo. They were licensed for application in 1952. The epidemio
logical protective rate was between 75-88%. Owing to large amount of brain 
and chick embryo tissues in these two kinds of vaccines, some allergic reactions 
occurred after vaccination. In order to get rid of the side reactions, a vaccine 
made from chick embryo cell culture was developed in Beijing Institute of 
Biological Products in 1958. But the immunogenicity of this vaccine was not 
satisfactory. The protection ratio was only 2: 1 for the vaccinated group 
compared with the unvaccinated group. The potency of the vaccine has 
improved greatly since a hamster kidney cell culture vaccine was first estab
lished in 1966. This vaccine has been used for 18 years in China and the inci
dence of JE has been reduced to 2.39 - 2.80 per 100000 in the last three 
years (Table 1). 

Table 1. Progress of inactivated JE vaccine in China 

Period Progress 

1950-1951 Study and pilot plant production of mouse brain and 
chick embryo vaccine 

1952-1957 Large scale production, vaccination of mouse brain and 
chick embryo vaccine 

1958-1960 Clarified and other extracted mouse brain 

1961-1966 Chick embryo cell culture vaccine 

1967 Establishment of hamster kidney cell culture vaccine 

1968-1986 Large scale production and routine vaccination with 
hamster kidney cell culture vaccine 

IS 
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DEVELOPMENT OF HAMSTER KIDNEY CELL CULTURE VACCINE 

Since 1968, the inactivated JE vaccine made with primary hamster kid
ney cell culture has been produced on a large scale_ The annual production 
of vaccine at the Beijing Institute of Biological Products was about 
10 000 000 ml in 1986_ The P 3 strain of the IE virus is used because of its 
good antigenicity and immunogenicity. The virus suspension is inactivated 
with formalin and the vaccine is stabilized with 0.1 % human albumin. When 
stored at 2-8°C, the potency of the vaccine remains unchanged for more 
than 2 years. 

Vaccination with hamster kidney cell culture vaccine induces a good 
neutralizing antibody response in guinea pigs (Table 2) and also in horses 
(Table 3)_ 

The complement-fixing antibody, after vaccination of the horses, could 
also be detected in 73.7% of the horses. But it disappeared quickly (Table 4). 

Vaccination 

Primary 
vaccination 
2 doses 
0.5x2 

Ist. booster 
O.5xl 

2nd. booster 
10.Sxl 

Table 2. Neutralizing antibody response in guinea pigs 
vaccinated with IE vaccine 

Interval 
between No. guinea pigs in different Nl· 

vaccination 
& bleeding 1-49 50-99 100-499 500-999 1000 

1.S month 2 2 0 2 2 

2.0 month 4 0 1 0 2 

2.0 month 1 0 3 0 3 
1.0 month 1 1 1 0 3 

1.0 month 0 0 2 1 3 

Total 

8 

7 

7 
6 

6 

FIELD TRIAL AND EFFECT OF MASS V ACCINA TION 

Positive 
(%) 

73 

43 

86 
83 

100 

A 6-year serological investigation was carried out in a subepidemic area 
(Yanji City, Jilin Provi'nce), where the positive rate of IE antibody was very 
low (1.4%) in school children. After two doses (one week interval) of pri
mary vaccination, the seroconversion rate was 60%. It raised rapidly to 93% 
after a booster dose in the second year. The seropositive rate maintained at 



Vaccination 

Primary 
vaccination 
20mlx2 

Inactivated JE vaccine 

Table 3. Neutralizing antibody response in horses 
vaccinated with JE vaccine 

Interval 
between No. of horses in different NI* 

vaccination 
& bleeding < 10 1049 50-99 100-999 1000 

1 month 0 0 0 2 17 

2 months 0 1 1 8 8 

3 months 0 0 0 1 6 

4 months 0 0 0 2 7 

*NI = Neutralizing Index 

Total 

19 

18 

7 

9 

Table 4. Complement fIXing antibody response in hourse vaccinated 
with JE vaccine 

Interval 
between No. of horses in different CF antibody titre 

Vaccination vaccination 
& bleeding < 1:2 1:2 1:4 1:8 1:16 1:132 Total 

Primary 
vaccination 1 month I 4 0 7 I 6 19 
2Omlx2 2 months 3 4 7 2 2 0 18 

3 months 6 2 0 I 0 0 9 
4 months 5 I I 0 0 0 7 

17 

Positive 
(%) 

100 

94.4 

100 

100 

Positive 
(%) 

73.7 
61.1 
11.1 
14.3 

a level of more than 64% in the following 4 years. After a second booster 
dose in the sixth year, 100% of vaccinated children showed a high level of 
neutralizing antibody in their sera. Table 5 shows all the data obtained from 
groups of different children in different years. They quite coincide with 
data obtained from same individuals in different years (Table 6). 



Year 

1973 

1974 

1975 

1976 

1977 

1978 

Table 5. Neutralizing antibody response in school children (different groups, different years) 
vaccinated with JE vaccine (Yanji, Jilin) 

Interval 
between No. children in different titres 

Vaccination vaccination r--------------------------------------- ------
bleeding <; 10 11-49 50-99 100-999 lOOO Total Ratio 

« 1:5) (1:5) (1:25) (1:125) 

Pre-vaccination 310 19 2 3 0 334 5/334 
Primary 1 month 6 4 1 10 4 25 15/25 
vaccination 
2 doses 3 months 12 8 5 3 0 28 8/28 

I year 17 9 1 2 0 29 3/29 
1st booster 1 month 2 0 0 6 21 29 27/29 

- ---
1 year 10 3 7 27 16 63 50/63 

2 years 15 19 9 4 47 32/47 

3 years 23 18 19 4 64 41/64 

4 years 22 23 14 3 62 40/62 
2 booster 1 month 0 8 15 39 62 62/62 

Positive 
% 

1.4 
60.0 

28.6 

10.3 
93.1 

79.4 

68.1 

64.1 

64.5 
100.0 
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Year 

1973 

1974 

1975 

1976 

1977 

1978 
'-- - ~ 

Vaccination 

Table 6. Neutralizing antibody response in school children (same group, different years) 
vaccinated with IE vaccine 

Interval 
between No. children in different titres 

vaccination 
& bleeding ,,10 11·49 50·99 100·999 1000 Total 

« 1:5) (1:5) (1:25) (1: 125) 

Pre·vaccination 15 0 0 0 0 15 

Primary 1 month 3 1 1 7 3 15 
vaccination 
2 doses 

1 year 8 4 1 0 0 13 
lst booster 1 month 0 0 0 2 11 13 

1 year 1 0 2 5 5 13 

2 years 3 3 4 1 11 

3 years 4 4 3 0 11 

4 years 4 6 3 1 14 
2nd booster 1 month 0 3 4 7 14 

----- ~~-- - -- ~--- ~------- -- ~ 

Ratio 

0/15 

11/15 

1/13 
13/13 

12/13 

8/11 

7/11 

10/14 
14/14 

-- -

Positive 
% 

0 

73.3 

7.7 
100.0 

92.3 

72.7 

63.6 

71.4 
100.0 
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The efficacy of the vaccine was investigated both epidemilogically and 
clinically. As for the epidemiological effect of vaccination, it was studied 
for several years during field trials in Wuxi, Nanjing, Beijing, Hunan and 
Guangzi. About 300000 children were vaccinated and more than 180000 
unvaccinated children of the same age groups served as controls. All these 
children were randomly registered in advance of vaccination. The incidence 
of JE in the vaccinated groups was reduced by 4-20 times when compared 
with that of unvaccinated control groups. In other words, the protective rate 
was between 76% to 94% (Table 7). 

Table 7. Epidemiological efficacy of JE vaccine 

No. of No. of Incidence rate Protective 
Year Region Group Subjects IE cases (/100,000) rate (%) 

1967 Wuxi Vaccinated'" 38482 3 7.8 85 
Control 34182 17 52.8 

1968 Nanjing Vaccinated 52004 3 5.8 87 
Control 18584 8 43.0 

1968 Hunan Vaccinated 75,083 7 9.3 76 
Control 48,543 19 39.1 

1969 Beijin Vaccinated 86847 3 3.5 87 
Control 76260 21 27.5 

1973 Guangxi Vaccinated 58211 2 3.4 94 
Control 10165 7 68.9 

• - 2 doses with an interval of one week. 

In addition to the epidemiological efficacy, vaccination with inactivated 
hamster kidney cell culture vaccine could also alleviate the clinical symptoms 
if the vaccinated children were later infected by JE virus. This led to com
plete recovery (Table 8). 

As a result of a series of vaccination campaigns, the age distribution of 
JE patients changed gradually. While the number of JE cases among children 
below 10 years of age was 77.2% of the total number of patients in Beijing in 
1963, it was only 35.7% in 1979. The number of cases among patients 
above 20 years of age raised relatively (Table 9). 

The mass vaccination against JE using inactivated hamster kidney cell 
culture vaccine started from 1969 in Beijing. The vaccines were mainly 
children under 10 years of age. Since then, the JE incidence has dropped 
steadily to 0.29 per 100 000 population, while in 1966 it was as high as 
25.0 per 100,000 (Fig. I). 
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1967 Wuxi 

1968 Nanjing 

Age·group 
(yr) 

1-9 
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20-39 

40-59 

60-

? 

Total 

Inactivated JE vaccine 

Table 8. Influence of vaccination on clinical symptoms and 
progrwsis of IE patients 

21 

No. of causes in different No. of patients with 
Group type of clinical symptom different prognosis 

Total Mild Moderate Severe Recovery Death Sequelae 

Vaccinated 3 I 2 0 3 0 0 
Control 17 2 5 10 14 3 0 

Vaccinated 3 1 2 0 3 0 0 
Control 8 2 1 5 2 0 6 

Table 9. Age distribution of IE patients (Beijing) 

1963 1979 

No. of cases % No. of cases % 

703 77.2 76 35.7 

118 12.9 28 13.1 

45 4.9 42 19.7 

39 4.3 37 17.4 

6 0.7 27 12.7 

- - 3 1.4 

911 100.0 213 100.0 

IMPROVEMENT 

In order to improve the quality of JE vaccines from crude cell culture 
vaccine to concentrated and purified vaccine, ultrafiltration using a hollow 
fiber system (cut-off MW = 20 000) or peIlicon cassette system (cut-off 
MW = 100000) was first applied to concentrate the routine cell culture 
vaccine by more than I O-fold. Both the titre of the complement-fixing antigen 
in the concentrated vaccines and their potency were greatly increased 
(Table 10 and I 1). 
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Fig. 1. Incidence of JE in Beijing 

Table 10. Effect of ultrafiltration to CF antigen 
titre in JE vaccine 

Titres of CF antigen 
Ultraftltration 

system Routine Concentrated Filtrate 
vaccine vaccine 

1:2 1:8 < 1:2 
Hollow 1 :2 1 :4 < 1:2 
fiber 

1 :2 1: 16 < 1:2 
1:2 1: 16 < 1:2 

1:2 1 :16 < 1:2 
1 :2 1 :8 < 1:2 

Pellicon 1:2 1:4 < 1:2 
cassette 

1:2 1:32 < 1:2 

1:2 1 :16 < 1:2 

1:2 1 :16 < 1:2 
1 :2 1 :8 < 1:2 
1:2 1 :16 <1:2 

b) (yr) 

Japanese 
vaccine 

1 :8 
(Chiba) 

1:8 
(Chiba) 

1:8 
(Biken 58-16) 

1:4 
(Kitasato) 
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Table II. Effect of ultrafiltration to vaccine potency 

Potency (10) 
Lot Ultrafiltration 
No. system Routine Filtrate Concentrated Reference 

vaccine Vaccine vaccine 

1 8.1 x 10-5 - 4.9 x 10-7 

2 Hollow fiber 1.0 x 10-4 - 3.5 X 10-6 

(20000MW) 
2.4 x 10-5 1.0 x 10-5 3 -

4 5.8 x 10-5 - 3.6 x 10-6 3.4 x 10-5 

5 6.2 x 10-6 2.8 x 10-1 3.6 x 10-7 1.2 x 10-5 

Pellicon 
6 cassette 3.8 x 10-5 2.5 x 10-1 4.9 x 10-7 1.2 x 10-5 

(100000MW) 
3.2 x 10-5 7 2.1 x 10-1 4.9 x 10-7 1.0 x 10-5 

8 4.2 x 10-5 1.9 x 10-1 1.0 x 10-7 1.0 x 10-5 

Though their contents of residual calf serum were somewhat increased 
simultaneously, they still maintained at a low level of less than 1.0j./gjml. 
While the total nitrogen content in the concentrated vaccine was reduced 
to about 50% of that in routine vaccine. 

The concentrated vaccine was further processed by ultracentrifugation 
(47000 rpm 2 hours) to settle down the virus particles. The pellet was then 
reconstituted into purified vaccine at a dilution of 1/4 of the original con
centrated vaccine. 

Table 12 shows that the nitrogen content of the purified vaccine was 
reduced significantly. But the titre of CF antigen in the purified vaccine 
dropped slightly. 

The concentrated and purified JE vaccines were tested for vaccination 
of school children in a non-epidemic area of the Xinjiang Autonomous Region 
in 1986. Each child received one dose (l.0 ml) of the concentrated or puri
fied vaccine_ One month later, blood samples were collected. At the same 
time the routine vaccine and Japanese Biken vaccine were also compared 
using the two-dose routine vaccination schedule. One month after the first 
dose, the blood samples were also collected. All the sera of the children were 
tested simultaneously with a plaque reduction neutralization test, using both 
virus strains P3 Nakayama. Figure 2 and Table 13 show the results. 

(a) The routine vaccine even with a lower CF antigen content (1 :2), 
gave 100% neutralizing antibody response when the sera were tested either 

. with P3 virus or with Nakayama virus. 
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Table 12. Result of tests for ultramtrated and further 
ultra centrifuged vaccines 

Lot Routine Concentrated 
No. vaccine vaccine 

1 0.18 0.43 
2 - 0.71 
3 - -

1 0.016 0,0}7 
2 0,0}7 0,0}8 
3 - 0.019 

1 1:2 1 :8 
2 1:2 1: 16 
3 - 1 :16 

1 0.00044 0.000025 
2 0.00019 0.0000072 
3 0.00034 0.000078 

Purified 
vaccine 

0.05 
0.11 
0.11 

0.0008 
0.0012 
0.0012 

1:4 
1:8 
1:8 

0.0000381 
0.0000080 
0.0000040 

Tested with P3 Tested with Nakayama 

640 

160 

40 

10 

< 10 

B C D A B C D 

Fig. 2. Neutralizing antibody responses in children vaccinated with concentrated and 
purified IE vaccine in non-epidemic area 

A: Routine vacine, 2 doses. B: Concentrated vaccine, 1 dose. C: Purified vaccine, 1 dose 
D: Biken vaccine, 2 doses. 
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Table 13. Neutralizing antibody response in children vaccinated with 
concentrated and purified vaccine in non-epidemic area 

(Xinjiang Autonomous Region) 

No. children in different NT antibody titre 

2S 

Vaccine Seroconvertion 
<10 10 40 160 640 Total (%) 

Routine 0 8 1J 7 2 28 100.0 
Concentrated 0 5 16 7 0 28 100.0 
Purified 0 3 11 10 2 26 100.0 
Biken 1J 12 7 0 0 30 63.3 

Routine 0 4 3 2 0 9 100.0 
Concentrated 1 3 9 2 0 15 93.3 

Nakayama Purified 2 3 8 3 0 16 87.5 
Biken 0 3 1 2 2 16 100.0 

(b) Both the concentrated vaccine and purified vaccine, after one dose 
of injection, gave 100% seroconversion when the sera were tested with P3 
virus. But they gave 93.3% and 87.5% seroconversion rate, respectively, 
when sera were tested with Nakayama virus. 

(c) The Biken vaccine, after 2 doses of vaccination, gave a 100% sero
positive rate only when they were tested with Nakayama virus. It gave only 
a 63.3% seroconversion, when the sera were tested with P3 virus. 

From the above results, it can be concluded that the antigenicity of the 
P3 strain is different to some extent from that of the Nakayama strain. In 
Japan, a bivalent vaccine using Nakayama and PI viruses was prepared and 
it provided better potency than the monovalent vaccine. We tested a bivalent 
vaccine from Nakayama and P3 strains for their potency in mice. In addition 
to the routine 1050 potency test (Table 14) a PI (Protection Index) po
tency test was used (Table IS). 

The results reconfirmed that the potency of bivalent vaccines was higher 
than that of monovalent vaccine either challenged with P 3 virus or with 
Nakayama virus when the protective index (PI) method was use4 for po
tency test. 
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Table 14. Potency of mono- and bi-valent vaccines (ID50) 

ID of different lots of vaccine 
Vaccine 
strain 1 2 3 4 5 6 

P3 4.9 x 10-6 5.1 x 10-6 3.0 x 10-5 2.7 x 10-5 5.1 x 10-5 6.2 x 10-6 

Nakayama 5.2 x 10-4 1.0 x 10-4 1.6 x 10-3 3.9 x 10-4 1.3 x 10-3 1.0 x 10-4 

1.6 X 10-5 1.2 x 10-5 6.9 x 10-

P3 + 
1.6 x 10-5 1.2 x 10-5 6.9 x 10-5 1.5 x 10-5 4.6 x 10-4 6.0 x 10-5 Nakayama 

Table 15. Potency of mono- and bi-valent vaccine (PI)· 

Protection Index (PI) of different lot 
Challenge Vaccine 
virus strain 1 2 3 4 5 x 

P3 129 25 96 114 21 77 
P3 Nakayama 36 2 19 21 50 26 

P3 + Nakayama 9.1 1148 52 540 213 392 

P3 13 213 126 87 2 88 
Nakayama Nakayama 40 186 1000 251 5 296 

P 3 + Nakayama 174 40 588 3631 25 892 

• 9-11g. mice i.p. immunized with O.5ml vaccine every other day, totally 6 doses. 2 weeks after fltSt 
dose, all the mice are challenged i.e. with different dilutions of virus. The viruses are titrated in 
healthy mice as control group. 

PI = 
LDSoof control group 

LDSO of test group 
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RATIONALE FOR POTENCY TESTING 

Potency testing of inactivated Japanese encephalitis vaccines should 
ensure that the product will protect all or most of the vaccinees against 
challenge by infected mosquitoes or by occupational exposure in the labo
ratory, The potency test should be technically feasible enough that it can be 
carried out in laboratories in China, the Republic of Korea, Japan, and other 
nations which produce or may in the future produce inactivated JE vaccine. 

The basic assumption inherent in acceptance of the potency test proposed 
below is that presence of serum antibody in the vaccinee correlates with 
protection. The potency test results should correlate with flied results, so 
that a vaccine which meets the minimum standards of the test will be one 
that produces serum neutralizing antibody in most vaccinees, and conversely, 
a vaccine which fails to meet the minimum standards will be one that fails to 
produce serum antibody in most vaccinees. 

POTENCY TESTS NOW IN USE IN CHINA, THE REPUBLIC OF KOREA 
AND JAPAN 

China. The potency test utilizes 8-10 g mice (two weeks old), vaccinated 
with 0.25 ml of I: 50, I: 500 and I: 5000 dilutions of the vaccine at a 3-day 
interval, then challenged after 7 days with the P3 strain of the JE virus (the 
same strain used for vaccine production). The challenge dose is 0.3 ml/mouse 
of 1,000 to 10,000 adult mouse LDso of virus given ip with simultaneous 
inoculation of 0.04 ml Hanks' solution ic. The mice are observed for 3 weeks 
and the LDso calculated for both control mice (not vaccinated) and vao
cinated mice. The LDso of the challenge must be at least 7 log/0.3 ml and 
mortality of the control mice at a 10% dilution of the challenge virus must 
be 80% or more, A reference vaccine is included. The potency of the Chinese 
vaccine must be equal to or greater than the reference. 

7.7 
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Republic of Korea. The test and reference vaccines are diluted 1 :4, 
1: 16, and 1 :64 in M/7S phosphate buffered saline (PBS). The lyophilized 
reference lot 181 is supplied by NIH Japan. Ten mice are inoculated O.Sml/ 
mouse ip on days 0, 2, 4, and 6 (4 inOCUlations). Wait 8 days after the last 
inoculation. Challenge with 50-100 LD50 JE virus, Nakayama-NIH strain ic, 
0.03 ml/mouse. The challenge virus is prepared by ic inoculations of 2-day 
old mice, 10% brain suspended in 0.75% bovine serum albumin in PBS, cen
trifuged 30 min, 2 000 rpm. The challenge virus is titrated at the same time 
ic, 0.3 ml/mouse (10-5, 10.6 , 10-7 , 10-8 , 10-9 ). Mice are observed 21 days 
and deaths are recorded. The LDso is calculated by the Reed-Muench 
method. The ED50 (50% effective dose) is calculated; it must be more 
potent (lesser) than the ED50 of the reference vaccine. 

Japan. The antibody production test in mice is used.1 At least ten 
four-week-old mice are inoculated ip with two doses of 0.5 ml of the 1:4, 
1 :6, and 1 :64 dilutions of JE vaccine at an interval of 7 days. Seven days 
after the second inoculation, the animals are bled and an equal volume 
of serum from each mouse is pooled. The sera are inactivated at 56°C for 30 
min, then tested in dilutions by plaque reduction neutralization test (PRNT) 
in primary chick embryo cells using the Nakayama-NIH strain. The controls 
with normal serum must .have 50 -150 plaques per well. Sera from mice 
immunized with a reference vaccine are included. The test vaccine must be 
at least as potent as the reference vaccine. 

RATIONALE FOR A STANDARDIZED POTENCY TEST 

A standardized potency test will facilitate comparison of potency of 
vaccines among different nations and different producers. As new vaccines 
are developed, including synthetic and genetically engineered products, the 
standardized potency test will help in evaluating potential efficacy. It 
will also assist in the evaluation of vaccines available for export from manu
facturing nations. 

The in vivo immunization-challenge test previously used in Japan and 
currently used in China and the Republic of Korea is not always repro
ducible.2 It also requires more time to complete than the antibody produc
tion test. On the other hand, the antibody production test is reprodu
cible.3 . 4. 5 For these reasons antibody production is suggested as the refe
rence JE vaccine potency technique. 

REFERENCE REAGENTS A V ft.JLABLE 

Reference vaccines. A reference mouse brain vaccine is available as a 
lyophilized product distributed by the WHO Collaborating Centre for Arbo
virus Research and Reference, NIH, Tokyo, Japan. 

Reference antibody. Reference mouse hyperimmune ascitic fluids 
have been produced at the WHO Collaborating Centre for Arbovirus Research 
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and Reference, Yale Arbovirus Research Unit, New Haven, cr, U.S.A. 
Approximately 100 ml of ascitic fluid to each of a) IE, strain Nakayama
NIH and b) IE, strain Peking 3 are lyophilized in I ml ampoules. 

Japanese encephalitis virus, strain P3. Reference challenge virus origi
nating from the Chinese Institute the Control of Pharmaceutical and Biolo
gical Products, Beijing, China is available as lyophilized passage mouse brain 
from the WHO Centre, Yale Arbovirus Research Unit, New Haven, CT, 
U.S.A. 

Cell line. BHK-21 cell line at transfer level T-97 are being supplied to the 
WHO Collaborating Centre for Arbovirus Research and Reference, NIH, 
Tokyo to be available for distribution. 

PROPOSED DESCRIPTION 

Each vaccine shall be tested for immunizing potency by tests approved 
by the national control authority. Such tests shall include an in vivo assay 
for immune response. The results obtained with the test vaccine shall be 
compared with those obtained with a WHO reference vaccine or with a 
reference vaccine calibrated in international units by comparison with the 
WHO reference preparation. The potency of the vaccine shall be approved 
by the national control authority. 

TECHNIQUES 

Immunization of mice. Test and reference vaccines diluted 1:4, 1: 16, 
and 1 :64 are inoculated intraperitoneally 0.5 ml on days 0 and 7 into at 
least 10 mice of 4 weeks of age. On day 14 the sera of mice are collected 
and pooled according to vaccine dilution to be tested by plaque reduction 
neutralization. 

Chicken embryo tissue culture plaque reduction neutralization test. 
Pooled sera from mice receiving each vaccine dilution are inactivated at 56°C 
for 30 min, then diluted in 2-fold steps ranging from I: 100 to I: 1600 and 
mixed with equal volumes of strain P3 IE virus containing 200 pfu/OA m!. 
The WHO P3 strain IE reference antibody is tested the same as the mouse 
sera except that the starting dilution is 1 :3200. The mixtures are incubated 
1.5 h, at 37°C, then inoculated onto monolayers of primary chicken embryo 
cells, adsorbed for 1.5 h at 37°C, overlayed with agar, then incubated for 2 
days at 37°C in 5% CO2 , A second overlay containing' neutral red is added 
and the cultures are further incubated until plaques appear. The plaques 
are counted, the neutralizing antibody titres calculated, and the results 
recorded. 

BHK-21 cell plaque reduction neutralizing test. The test is the same 
above except that BHK-21 cell monolayers are substituted for chicken 
embryo tissue culture, and a methylcellulose overlay is used. On day 4 to 
5 after inoculation of the serum-virus mixture, the overlay is discarded 
and the cells are stained with 1 % "entian violet and fixed in formalin. The 
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plaques are counted, the neutralizing antibody titres calculated, and the 
results recorded. 

Interpretation. Vaccines that have an antigenic value (neutralization 
titre) equal to or greater than the 'reference vaccine are acceptable. 

CONSTRAINTS 

A collaborative study among laboratories in China, the Republic of 
Korea, Japan, and the United States is in preparation. The study is designed 
to derive data which will be used by WHO and the cooperating nations to 
accept or modify the proposed standard JE vaccine potency test. It is anti
cipated that additional training in the technique of the PRNT will be needed 
before all laboratories of the cooperating nations will be proficient. 

Potency of reference vaccines decreases with storage.6 Experience in 
the past indicates that the lyophilized reference JE mouse brain vaccine is 
stable on storage and shipping. If the reference vaccine should not prove to 
be stable, impotent test vaccines may be certified. The inclusions of the 
reference JE antibody in each PRNT may help identify instability of the 
reference vaccine, should loss of potency occur. 

It is expected that the chicken embryo and the BHK-21 PRNT will give 
equivalent results. If true, either tissue culture may be proposed for accept
ance in the standard potency test. At least one laboratory has had difficulty 
with the chicken embryo test because the cells degenerated prematurely, 
possibly as the result of an adventitious contaminating agent in the eggs. 
The BHK-21 cells are standardized and can be frozen and stored for long 
periods without changes in susceptibility to JE virus. 

Each laboratory is expected to locate and use JE antibody-free calf 
serum for the cultures. If antibody-free serum is not available, it may have 
to be procured from JE non-endemic areas. 

Experience has indicated that the P3 strain of JE virus has a broader 
antigenic spectrum than the Nakayama-NIH strain. For this reason, the P3 
strain is being recommended for use in the PRN test. Further experience 
may be needed to confirm that P3 is preferable. 

The best available test of potency is the ability of the vaccine to induce 
neutralizing antibody in human vaccinees. New lots of reference vaccine 
should be tested to ensure their ability to induce such antibody. 6, 7 
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Abstract For lots of a live-attenuated Japanese encephalitis (JE) virus vaccine 
(SA14-14-2) were prepared and safety tested for use in humans_ It was demon
strated that the residual virulence of the vaccine virus was as low as that of the 
seed virus_ More than 1 000 children between the ages of 5 and 12 years, living 
in an area of low JE infection. were vaccinated with one of four lots of vaccine. 
A selected group of 47 vaccinated children were examined for fever and other 
systemic reactions every other day for 2 weeks following vaccination. None 
of these children had fever (temperature> 37. 4°C) or other systemic reactions 
during the observation period. No untoward reactions were reported in the 
remainder of the vaccinated group_ After immunization seroconversion rates 
in seronegative children were 100% (GMT 35.3, n = 11), 100% (GMT 31. 7, 
n = 12). and 83_3% (GMT 23. n = 10) in groups receiving vaccine diluted 1:3, 
1:5 and 1 :50 respectively_ These results indicate that the JE live-attentuated 
vaccine virus was highly immunogenic, genetically stable, and safe for children_ 

INTRODUCTION 

The attenuated JE virus vaccine strain SAI4-14-2 is the result of multiple 
passages in mice and cell cultures and demonstrates reduced neurovirulence 
in mice_ Weanling mice inoculated intracerebrally with the virus clone 
showed no signs of encephalitis while immunized adult mice were protected 
against challenge with virulent JE virusJ In an earlier study of a JE 
SAI4-l4-2 live virus vaccine in 115 JE antibody-negative children, neutral
izing antibody seroconversion rates of 92.3% and 62_5% were obtained using 
doses of 2.5 x 106 and 2_5 x 104 TCIDso respectively for vaccination_2 

Essentially no vaccine related signs or symptoms were observed in this study_ 
The present study was designed to further evaluate the safety and immu
nogenicity of the JE SAI4-14-2 live attenuated vaccine in a larger 
group of children_ 

33 
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MATERIALS AND METHODS 

Vaccine. The JE vaccine virus SAI4-14-2 was derived from JE virus 
SaI4, an isolate obtained in 1954 from a pool ofC, tritaeniorhynchusmos
quitos captured in Si An. The parent SAI4 virus was originally passaged 11 
times in adult mice followed by 100 serial passages in primary hamster 
kidney cells (PHKC) at 36-37°C. After 14 plaque purification passages in 
primary chick embryo cells or PHKC, an attenuated clone, 5-3, was selected. 
Five passages of the 5-3 clone in subcutaneous tissue of suckling mice, fol
lowed by 2 cloning passages in PHKC, resulted in selection of the SAI4-14-2 
clone. 1 , 3 

For vaccine production, the SAI4-14-2 clone was passaged an additional 
6 times in PHKC and prepared as a seed for the production of vaccine. Con
fluent monolayers of PHKC were inoculated with the seed and maintained at 
36°C in Eagle's minimum essential medium supplemented with 0.5% human 
albumin. After 2-3 days, incubation, cell culture supernatant fluids were 
harvested, mixed with an equal volume of stabilizer, and lyophilized in 1.0 
mi aliquots. Bacterial sterility and viral identity tests indicated that the vac
cine lots were free of adventitious microbial agents and that the vaccine virus 
was JE virus. 

VaCCination. A group of 1026 children ranging from 5 to 12 years of age 
were selected for vaccination. All were students of a primary school located 
in Zhang Jia Kou, a small town in He Bei province that had a history of low 
JE incidence. The children were divided into three special study groups. 
Group I contained 47 children, 5-6 years old, who were inoculated with 
106 .7 TCIDso in a O.5-ml dose. Local and systemic reactions including body 
temperature were monitored every other day for 14 days following vacci
nation. Group II consisted of 35 children, 6-7 years of age, who were given 
either of three dilutions of vaccine (1 :3, 1:5 or 1 :50) resulting in doses of 
106 .9 , 106.7 and 105.7 TCIDso . Blood samples were taken from these vac
cinees prior to and one month following vaccination and tested for neutralizing 
antibodies to JE virus. Group III consisted of 944 individuals, 6-12 years of 
age, who were inoculated with a 1: 10 dilution of vaccine (106.4 TCIDso in a 
O.5-ml dose) and observed daily for 14 days by physicians. Children in all of 
the groups were vaccinated by the subcutaneous route. Only children in 
Group II were bled and tested for JE antibodies. 

Serological studies. Antibody responses to immunization were measured 
by plaque reduction neutralization tests done in primary chick embryo cells 
using non-attenuated JE A2 virus. Dilutions of test serum were mixed with 
an equal volume of virus containing 60-200 pfu's and the mixture inocu
lated immediately onto primary chick embryo cell mono layers. After ad
sorption for 1.5 h at 37°C, the inoculated cell monolayers were overlaid with 
nutrient agar containing neutral red. Following antibody titres were deter
days, plaques were enumerated. Neutralizing antibody titers were deter-
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mined by calculating the serum dilution that resulted in a 50% reduction of 
the plaque dose. 

RESULTS 

Vaccine production. Four lots of freeze-dried JE SAI4-14-2 live-atte
nuated vaccine were prepared and tested for neurovirulence and potency. 
The results summarized in Table 1 indicate that all four of the lots were 
non-virulent for young mice (3 weeks old) by both intracerebral and sub
cutaneous inOCUlation. Additionally, the vaccine virus was genetically stable 
after one intracerebral passsage in suckling mice, resulting in minimal letha
lity for weanling mice (data not shown). A potency test done on lot 85-1 
indicated that a single subcutaneous injection of 10.4 diluted vaccine (500 
TCIDso ) was able to protect mice at a 50% level from intraperitoneal chal
lenge with 300 LDso of JE non-attenuated virus (Table 1). 

Table 1. Neurovirulence and irnmunogenicity of SAI4·14·2 vaccine for weanlir.g mice 

Experimental Virus titer Virulence 
lot (loglO TCIDso/rnl) 

85·1 7.7 O/lOa O/lOb 

85·2 7.7 0/10 0/10 

85·3 7.7 I/iOd 0/10 

854 7.7 0/10 0/10 

aweanling mice (3 weeks old) inoculated intracerebIally, no. dead/total 
bweanling mice (3 weeks old) inoculated subcutaneously, no. dead/total 

Potency 

0.OOOOO36c 

ND 

ND 

ND 

"Volume of vaccine (in mI) tllat will protect mice at a 50% level from challenge with 300 LDSO of IE 
nolHlttenuated virus. 

"one mouse suddenly died on 12th day post infection without symptom. 

Vaccination reactions. The body temperatures of the 47 children in 
Group I were recorded every other day for 14 days following vaccination. 
None of the children in this group developed a fever in excess of 3 7.4° C. Only 
one child had a temperature of 37.4°C, occurring one day after vaccination, 
and a group of 11 children had temperatures of 37.0-37.3°C, none lasting for 
more than 2 days. No local reactions or any systemic symptoms developed in 
the vaccinees during the examination period following vaccination (Table 2). 

The 944 children in Group II were observed by physicians for signs of 
illness. All members of this group remained healthy during this period with 
no evidence of vaccine-related untoward reactions. 
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Table 2. Body temperatures of 47 children followed for 14 days following vaccination 
with the JE SAI4-14-2 vaccine 

Number of children with indicated body temperature 
<37 3 37.1 37.2 37.3 

3 

(3)(3)(7t 

2 

(11)(3,14) 

aDay of recorded temperature for each child 

2 

(l,12) 

4 

(1)(1)(2)(3) 

37.4 >37.4 

o 
(1 ) 

Immune responses. The results summarized in Table 3 indicate that 23 
vaccinees who received vaccine diluted 1:3 and 1:5 all developed neutralizing 
antibodies to JE virus. Of 12 individuals who received vaccine diluted I : 50, 
10 developed neutralizing antibodies. The seroconversion rates and the geo
metric mean neutralization titres for this group are comparable to those 
found in a previous study of SAI4-14-2 vaccine in children.2 

Table 3. Neutralizing antibody response in children receiving the JE SA14-14-2 vaccines. 

Dilution Virus dose No. of Seroconversion 
of vaccine (logl9 TCID50/O.5ml) children No. % GM~ 

1:3 6.9 11 11 100 35.3 

1:5 6.7 12 12 100 31.7 

1:50 5.7 12 10 83.3 2.97 

"GMT was calculated from the PRNT 50 values for individual serum titres 

DISCUSSION 

The first trial of a live-attenuated JE vaccine was done by Hammon et al 
using the OCT-541 strain of JE virus in 23 cancer patients.4 Later, Ilyenko 
conducted a trial in 528 health adults using the m-pK/L live-attenuated 
strain of JE virus_5 Both of these vaccines were well tolerated by the reci
pients, however, the antibody responses were minimal. Seroconversion after 
giving the ocr-541 vaccine was 10% while the m-pk/L vaccine resulted 
in 56% seroconversion_ 

A precursor to the 1£ SAl 4-14-2 strain, clone 5-3, has been used for the 
vaccination of children in various districts of the People's Republic of China 
with high and low JE virus infection rates. The results obtained from vacci-
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nation of 596 children, 3-10 years of age, indicate that this clone is highly 
attenuated resulting in no fevers or side reactions being observed in the 
children after vaccination.] An expanded subject group receiving the same 
vaccine was also free of vaccine-related reactions.6 However, seroconver
sion rates for recipients receiving the SAI4-5-3 vaccine in JE endemic areas 
were 78.9% with a neutralization index NI > 50 or 94.7% with a NI > 10. 
In areas of low JE infection, vaccinees responded at a rate of 77.6% with an 
NI> 10. 7 

In order to further increase the immunogenicity of the 5-3 virus, it was 
passaged in suckling mice in subcutaneous tissue. These tissues were then 
harvested after incubation and used for the next serial passage. This method 
has been successfully used to increase the immunogenicity of the over
attenuated JE variant, SA4CEC203·.8 As a final step, the virus was twice 
cloned and the resultant 14-2 clone was selected. In intracerebrally-inocu
lated weanling mice, the 14-2 clone was no more virulent than the 5-3 
clone. However, the 14-2 clone was more immunogenic than the 5-3 clone, 
i.e. higher antibody titres in guinea pigs and better protection of mice against 
virulent JE virus challenge.J Preliminary testing in children indicated that 
the 14-2 clone was safe and that the immune response was superior to vac
cination with the 5-3 clone.2 

In the present study more than 1000 children were vaccinated with the 
14-2 vaccine. The lack of vaccine-related reactions in this group indicates a 
high degree of attenuation for humans. The high seroconversion rates in a 
selected sample of vaccine recipients would indicate a high degree of sero
responsiveness in the group at large. Even vaccines diluted as much as 50-
fold resulted in acceptabl~ immune responses in vaccinees. The JE SA-I4-14-2 
vaccine appears to be safe and efficacious for use in humans and for pre
vention of JE disease. 
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The observation of epidemic results of a group vaccinated by inactivated 
hamster kidney cell tissue culture vaccine in Tientsin. 

Two groups of people were observed: for the first one, the results were 
obtained in 1953-58 before the vaccine was widely used; data on the other 
group were collected in 1973-1980 after the inactivated vaccine was widely 
used. 

The vaccinated children were injected subcutaneously when one year 
old, and boosted once in the second year; some children were boosted 
again when 7 years old. 
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Figure 1. The morbidity of IE in different Age groups 
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Figure I shows that in the 1953-1958 group the high morbidity affected 
mainly children under 15; in the 1973-1980 group, the morbidity dropped 
remarkably in the same age group. 
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Figure 2. The percentage of cases of IE in different Age groups 

The age distribution of JE patients is shown in Figure 2. The percentage 
of JE patients over 15 years old was higher than in the 1953-1958 group, 
especially in the over SO year old group. 

The effect of inhibited immune response of vaccinated mice 

Two groups of mice were used in this experiment. The first group of 
mice were vaccinated by inactivated vaccine on days I, 7 and 21. The 
second group of mice were vaccinated by live attenuated vaccine 2-8 and 
5-3 strain respectively on days I and 7. After 30 days of first injection, the 
immune responses of vaccinated mice were inhibited by Cytoxan three times, 
on days I, 3 and 5. The mice were then challenged by the virulent JE A2 
strain on day 3. 

The results are shown in Table I. They show that the mice vaccinated 
by inactivated vaccine are protected against the challenging JE virulent 
virus; after the immune response was inhibited, however, the vaccinated 
mice lost their protection against the challenging JE virus. In the live atte
nuated vaccinated group, even when the immune response was inhibited 
the vaccinated mice were protected against the challenging JE virus as well, 
as those in the uninhibited group. 
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Table I. The results of challenging with IE virulent virus when the immune response of 
vaccinated mice was inhibited by Cytoxas 

bnrnune Virus Results of challenging 
Vaccine Vaccinated group inhibited challenging 

Mortality Protected 
rate 

Killed 1,7,21 days Control - After 1 and 0/10 100% 
vaccine 3 doses group 3 days inhi-

for 30 days bited by 
Cytoxan chal-
lenging with 

1nbibited JE virulent 
Group After 30 A2 strain 8/10 20% 

days vacci-
tion treat-
ment with 
Cytoxan 
ISO/kg 
days 1, 3,5 

Live vae .. 1,7 days Control - " 0/10 100% 
cine 2-8 2 doses for group 

30 days 
inhibited 
group Same treat- " 0/10 100% 

ment with 
Cytoxan 

5-3 strain 1,7 days Control - " 0/10 100% 
2 doses for group 
30 days 

inhibited Sarne treat- 0/10 100% 
group ment with 

Cytoxan 

.The mortality rate of challenging virus was 100% 

DISCUSSION 

JE inactivated tissue culture vaccine can remarkably reduce the JE 
morbidity, but not completely, especially in the age over 50. One of the 
reasons is that the immunity provided by the inactivated vaccine cannot 
last so long. This does not explain, however, why the percentage of JE 
patients over 50 is higher than in other age groups. Another reason is that the 
immune function of older people is not as good as in other :>ge groups. The 
immune suppression in vaccinated mice was carried out. We found that the 
mice vaccinated by inactivated vaccine lost their protection against the 
challenging JE virus when the immune response was inhibited by Cytoxan, 
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but there was not any effect when the mice were vaccinated by attenuated 
live vaccines. It means that Cytoxan cannot affect the immunity established 
by live virus. 

Live attenuated vaccine was superior to the inactivated vaccine. 
If' order to protect older people from JE, one injection of live attenuated 

vaccine may be considered before the age of 50. 



IE &; HFRS BULLETIN 
VoL 2,43-45, 1987 

Persistent Infection of Porcine Kidney (PS) Cells with 
Japanese Encephalitis Virus 

D.A. GADKARI,' P.S. SHA~ and M. V. JOSHI3 

'S",,1or R_rth Officer, 2GnKluste Aailfllflt, 3R_rth Officer, NlltiDfI/J/ /Mtitute of Virology 
Pent Box ", Puns 4" Ott 

Abstract Porcine kidney (PS) cells persistently infected (PI) with Japanese ence
phalitis (JE) virus were refractory to superinfection with several strains of JE, 
West Nile and dengue viruses. These cells suddenly lost restriction to Nakayama 
strain of JE virus after 67 passages. The virus released from the PI cells was less 
virulent to adult and infant mice. At high passage, the PI cells showed quantita
tive and qualitative differences in LDH and MDH isoenzyme when compared 
with the normal or JE virus infected PS cells. 

In the previous issue of JE & HRFS Bulletin we have reported initiation, 
maintenance and isolation of Is mutants from the persistently infected (PI) 
PS cells with JE Virus. Here we report further studies with the PI cells and 
neurovirulence of the virus released by these cells. 

The PI cells were refractory to superinfection with different strains of 
IE, West Nile and dengue I, 2 and 3 viruses. No restriction was observed in 
plaquing ability of unrelated viruses (Chikungunya, Sindbis, Semliki Forest, 
Chandipura, HSV-I, polio and Vaccinia) on the PI monolayers. However, 
after 67 passages of the PI cells, we observed sudden loss of restriction to 
Nakayama strain of IE virus (Table I). The restriction observed with the anti
genically related flaviviruses was expected to be due to defective interfering 
(01) particles. It appears that the DI particles generated after 67 passages 
of the PI cells no more interfere with the Nakayama strain of JE virus. 
Studies are in progress to confIrm this hypothesis. 

The cloned Is mutants and the total virus (DI + wild type + IS) released 
by the PI cells have been shown to have significantly reduced virulence to 
adult mice by the intracerebral (Lc.) route.1 

Mouse virulence studies were recently performed in infant mice with 
three Is mutants and total PI cells released virus. All three Is mutants and the 
PI cells released virus stocks were lethal to infant mice by the i.c. route but 
with increased survival time. The average survival time (AST) for the wild 
type virus was 4.6 days while AST was 16.4 days for ts I, 20.0 days for Is 
14,20.0 days for Is 48 and 16.5 days for total PI cell released virus. 

43 
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Table I. Superinfection studies with JE related and unrelated viruses on PS and PI cells 

Table I-A 

pfujml 
Virus 

PI (P-22) PI (P-67) Normal 
PS cells 

JE (n0778) < 10-1 < 101 2.5 x 108 

JBE (Nakayama) < 101 1.2 x 107 3.5x107 

Dengue 1 <10 1 < 101 4.5 x 103 

Chikungunya 103 3 x 103 1.5 x 103 

Vaccinia 2 x 106 2 x 106 3 x 106 

Table I-B 

pfujml 
Virus 

PI (P-82) PS 

IE (P20778) < 101 4.5 x 107 

JE (733913) < 10-1 1.5 x 106 

JBE (Nakayama) 5 x lOS 1 x 107 

WN (804994) < 101 106 

When the same virus stocks were inoculated in infant mice by the intra
peritoneal (Lp.) route, low mortality was observed with a survival rate of 
> 95% even with higher doses of pfu compared to the wild type virus. 

The surviving mice were separated into two groups on 21 post infection 
day. One group was challenged by the i.e. route with 4.4 log of wild type 
virus. The second group was challenged with 2.1 log of virus by the i.p. route. 
Mutant ts 48 infected mice showed highest rate protection against the chal
lenge virus - 59% (10/17) when challenged by the i.c. route and 44% (8/18) 
when challenged by the i.p. route. The lowest rate of survival was observed 
with ts I mutant - 6% after i.c. challenge and 20% after i.p. challenge. 

It is therefore concluded that the JE virus released by the PI cells has 
very much reduced virulence to adult mice by the i.e. route and to infant 
mice by the i.p. route. A fair degree of protection was observed when these 
mice were challenged with the wild type virus. 
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The persistently infected cells were checked for lactate dehydrogenase 
(LDH) and malate dehydrogenase (MDH) enzyme activities. The data pre
sented in Table 2 indicate higher activities of both, LDH and MDH, in high 
passaged PI cells. We have also observed qualitative changes in LDH and 
MDH isoenzyme patterns of PI and JE infected PS cells as revealed by the 
polyacrylamide gel electrophoresis. 

Table 2. LDH and MDH levels ofPS and PI cells 

Specimen LDH* MDH* 

PS (mock infected) 312.5 1028.6 

PS (JEV infected 644 1577.5 

PI (P.32) 601.5 1200 

PI (p·84) 1020 2008.5 

·Units/million ceUs 

REFERENCE 

1 SHAH and GODKARI. Indian Journal Medical Research (In Press) 
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Abstract The flaviviridae consist of approximately 65 members, many of which 
are important human and veterinary pathogens. To date, vaccines have been 
developed against few of these pathogens. Inactivated vaccines have been devel
oped to prevent Japanese encephalities and tick-borne encephalitis. Live atte
nuated vaccines have been successfully used for yellow fever and JE, although 
the latter vaccine is in the experimental stage. It has been known that the major 
glycoprotein E plays an important role for flavivirus infection and contains 
antigenic determinant sites against neutralizing antibodies; it also contains at 
least three antigenic determinants: flavivirus cross-reactive, subgroup virus 
reactive and viral species specific. These determinants $t!em to be co"elated 
with Important biological properties. haemugglutination (RA) and neutralization 
of the viruses. It is important to elucidate the co"elation between antigeniC 
determinant sites of the E protein and the biological activities for clarification 
of host defence mechanisms and the potential development of vaccine. 

We analyzed the antigenic structure of the E protein by using mono
clonal antibodies, cloned and sequenced JE virus genomes, and expressed 
the E protein to determine the order of arrangement of these antigenic deter
minants on it, to develop components and/or synthetic vaccines, and also to 
analyze the mechanism of JE virus infection. 

Table I summarizes the epitopes of the E protein and its biological 
activities. Antibodies against group-8 epitopes showed high neutralizing 
activity but no haemagglutination (HI) activity, and the reactivity was 
restricted only to JE virus. This monoclonal antibody might be an authentic 
neutralizing antibody against a critical site of the virus, because the neutral
izing titre of the antibody was nearly equal to the ELISA titre. This anti
body had also strong in vivo protective activity against JE on mice and anti
bodies close to group-8 epitope had relatively high protective activity. From 
the results, group-8 and around domain might be the most important domain 
for protective immunity against IE. 

47 
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Table I. Summary of antigenic determinants of JEV E (V3) protein 

Group Biological functions1 Cross-reactivity 

1 HI++ N- FIavivirus cross-reactive 
2 HI++ N- Subgroup cross-reactive 
3 lli- N+ lEV-specific, strain specific 
8 HI- N+++ JEV-specific 
(10) HI- N- Strain specific 
7 HI++ N++ Subgroup cross-reactive 
5 HI- N+ Subgroup cross-reactive 
4 HI- N+ Subgroup cross-reactive 
6 HI- N- Subgroup cross-reactive 
9 HI- N- Flavivirus cross-reactive 

lHJ: Haemagglutination inhibition N: Neutralization. 

We could isolate strain-specific monoclonal antibodies, 401, N13, N21 
and Y02. The antigenic determinant sites of these antibodies were sited close 
to the group-8 antigenic determinant. We analyzed more than 70 JE virus 
strains by using these strain-specific monoclonal antibodies, and could classify 
the JE virus strains in four different types: N13 and N21 reactive type, 401 
reactive type, Y02 reactive type, and nonreactive type with these antibodies. 
All four strains types have still been isolated after 1963 in Western Japan. 
However, in Eastern Japan, only Y02-type viruses have been isolated after 
1960. These results show the Y02-type strain is dominant in Eastern Japan 
after 1960. 

To draw up the epitope map on the E protein primary structure, we 
molecularly cloned JE virus RNA and sequenced it. A cDNA library was 
constructed using 42s genomic lEV RNA as a template and using synthetic 
oligonucleotide primers, complementary to the 3'-end of the viral RNA. The 
amino acid sequence of the E protein region genomes of IE was deduced" 
from the base sequence and the JEV amino acid sequence was compared 
with those of some other flaviviruses. The reading frame and the E protein 
coding region was deduced from sequence analysis of the protein expressed 
in clones after selection of the anti-JEV antibody. 

At the C-end of the M protein are located two hydrophobic regions 
that may serve as stop transfer and signal sequences; they have flanking 
basic amino acids at the N-terminal side. One possible glycosylation site is 
observed at the N-terminal half of the protein. At the C-terminal region 
of the E protein two. hydrophobic domains are located that are separated 
by a sequence containing basic amino acids. So, these two hydrophobiC 
domains may also serve as stop transfer and signal sequence and may be 
processed by cellular signalase at the site. There is a remarkable degree of 
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amino acid sequence conservation in the E protein among serologically 
related JE, MVE, WN and SLE viruses, whereas in the serological more 
distinct YF and DEN viruses the E proteins show less homology. Three highly 
conserved amino acid sequence regions were observed, one was at the N
terminal half of the E protein and another two were at the C-terminal 
regions. The amino acid homology percentage between six flavivirus E 
protein was analyzed. The highest homology (83%) was observed between 
JE and MVE viruses. The homology between JE and WN viruses was 78% 
and the homology between JE and SLE viruses was 71 %. The homology be
tween JE and DEN2, and JE and YF viruses is 44% and 43%, respectively. 
These results are compatible with the results observed using monoclonal anti
bodies. On the evolutionary tree, JE and MVE viruses are most closely 
related to each other, and JE and WN viruses, and MVE and WN viruses are 
more closely related to each other than to SLE viruses. All cystein residues 
were completely conserved among the six flaviviruses, i.e. JEV, MVEV, 
WNV, SLEV, YFV, and DEN2V. Cystein residues might play an important 
role for E protein tertiary structure due to S-S bonds. 

We could express the E protein in E. coli by using expression systems, 
but the expressed E protein could still not react effectively with group-8 
monoclonal antibodies. Next we used RNA transcription systems of pGEM 
About 53Kdalton proteins were translated in vitro by the cloned mRNA 
sequence using rabbit reticulocyte lysate, precipitated with several anti
bodies. Anti-E protein sera, which might recognize the primary stucture 
of the E protein, could precipitate 65% of the in vitro translated products, 
and anti-JEV sera could precipitate 25%, but monoclonal antibodies group 
I, 8, and 4 could precipitate only 9%, 5%, and 18% respectively (Table 2). 
These results indicate that some important epitopes, namely group 8, are 
sensitive and depend on the tertiary structure of the E protein. Table 3 
shows the stability of the epitopes against some chemical and enzymatic 
treatments. Group-4 epitope was stable against these treatments, however, 
group-l and -8 epitopes were labile against these treatments. For the vaccine 

Table 2. Immune precipitation of in vitro translated E protein 

% of precipitate with the antibody in 
vitro translated protein. 

Anti·JEV sera 25 

Anti-E sera 65 

Monoclonal antibodies group 1 9 

8 5 

4 18 
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Antibodies 

MAbs 
I 23 
2 109 
3 112 
8 503 
7 N.04 
5 204 
4 303 
6 201 
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Table 3. Effect of proteolytic and chemical treatments of lEV 
on the reactivity of monoclonal antibodies 

Reactivities against lEV treated with 
5% 

None HeatI Trypsin 2ME 

++ ± - -
++ ± b -
++ ++ ++ ++ 
++ + - ± 
++ + + ++ 
++ + ± + 
++ ++ ++ ++ 
++ ± b ++ 

Hyperimmune sera 
Anti-lEV ++ ++ ++ ++ 
Anti-V3 ++ ++ ++ ++ 

0.05% 
SOS 

-
-
-
-
+ 

-
++ 
-

+ 
++ 

development were have to express a more natural E protein similar to that 
of the virion which elicits antibodies involved in the protection against lEV 
infection, because some antibodies show untoward effects on host. We are 
now analysing a more precise epitope map of the E protein using an in vitro 
translation system, isolating monoclonal variant virus and expressing each 
domain of the E protein in more efficient expression systems. 
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From 1983 to 1986, the sera of781 rats (748 Rattus norvegicus and 33 
R. raltus) trapped in various urban areas of Hong Kong were examined for 
immunofluorescent (IF) antibody to Hantaan virus.4 154 (19.7%) samples 
were seropositive. The seropositive rats were widely distributed in the urban 
areas with prevailing rates ranging from 11 to 32% (Table 1). None of the 
R. rattus had the antibody. Viral antigen was identified to be present in the 
lung tissues of the rats with high antibody titres. J. 3 Three virus strains were 
isolated in Vero E-6 cell cultures from the lung tissues of R. norvegicus. The 
isolates were more antigenically related to Seoul virus than to Hantaan 
virus.4 A colony of rats in a medical laboratory was found to be infected 
and was subsequently destroyed. 

Table 1. Prevalence of antibody to Hantaan virus in urban rats in Hong Kong 

No of rats sera tested Positive 
No. (%) 

Hong Kong 
Eastern 76 20 (26.3) 
Wanchai 82 9 (10.9) 
Central and Western 240 27 (11.2) 

Kowloon 
Yaumatei 105 24(22.8) 
Mongkok 73 22 (30.1) 
Shumshuipo 44 13 (29.50) 
Kowloon City 53 10 (18.8) 
Wong Tai Sin 71 23 (32.3) 
Kwun Tong 37 6 (16.2) 

Total 781 l.S4 (19.7) 
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Table 2. Clinical diagnolis of the patients in the study of haemorrhagic fever 
with renal syndrome . 

No. of patients No. with IF Antibody 

Acute nephritis 69 9 
Pyrexia of obscure origin 63 2 
Thrombocytopenic purpura 19 1· 
Proteinuria and haematuria 10 1 
Henoch Schonlein purpura 10 1 
Hepatitis 10 1· 
Autoimmune diseases 4 0 
Others 10 0 

Total 195 IS 

195 patients including 110 adults and 85 children suffering from different 
medical conditions admitted into two government regional hospitals between 
March 1985 and April 1986 were studied prospectively for Hantavirus infec
tion (Table 2). 15 patients (7.7%) including 5 adults and 10 children had IF 
antibodies to Hantaan virus. Acute infection, demonstrated by rising anti
body titres and IgM antibodies, occurred in 2 adults. One patient had fever, 
hepatitis and thrombocytopenia. The other patient had fever, thrombocy
topenia, proteinuria and abnormal liver ·and renal functions. Both patients 
recovered completely within 2 weeks. 

CONCLUSION 

Rodent infection by Hantaan-related virus is common in Hong Kong. 
The presence of the viral antigens as well as positive virus isolation in lung 
tissues of infected rats indicates a possible mode of spread of the infection by 
respiratory droplets. The high density of popUlation in urban areas of Hong 
Kong allows frequent rodent-human contact. This may account for the high 
prevalence rate of antibody to Hantaan virus in human subjects, even in 
children. The two patients with acute infection run a mild course, similar to 
cases reported in the cities of Japan and Korea.2 It is possible that the viral 
strains in the rodents in Hong Kong are different.6 Three strains of Seoul
like viruses have been identified. Full characterisation of such strains is in 
progress. 



HFRS in Hong Kong 53 

REFERENCES 

J LEE, H. W., BAEK, L.J. AND JOHNSON, K. M. Isolation of the etiological agent of Korean 
haemorrhagic fever. Journal of Infectious Diseases, 137:298·308. (1978). 

2LEE, H.W., BARK, D.H., BAEK, L.J., CHO!, K.S., WHANG, Y.N. AND WOO, M.S. Korean 
haemorrhagic fever patients in urban areas of Seoul Korean Journal of Virology, 10: 1-6 (1980). 

JLEE, H.W., BAEK, L.J., AND JOHNSON, K.M. Isolation of Hantaan Virus, the aetiologic agent 
of Korean haernorrhagic fever from wild urban rats. Journal of Infectious Di8etlses, 146:638-644 

4 (1982). 
LEE, H. W., SEONG, I. W., WON, D. S., KIM, W. D., CHO, B. Y. AND LEE, M. C. Korean hae

morrhagic fever. V. Complement, immunoglobulins and serum proteins. Korean Journal of 
l'iTO/ogy, 10:7-13 (1980). 

5LEE, H.W., LEE, P.W. AND CHANG, W.K. Isolation of Seoul-like viruses from lungs of raltus 
captured in Hong Kong. JE & HFRS Bulletin, 1;55-62 (1986). 

6S0NG, G., HANG, C.S., LIAO, H.X., Fu, J.L., GAO, G.Z., QIU, H.L. AND ZHANG Q.F. 
Antigen difference between viral strains causing classical and mild types of epidemic haemOlI
hagic fever with renal syndrome in China. Journal of Infections Diseases, 150;889-894 (1984). 



JE & HFRS BULLETIN 
Vol 2,55-56, 1987 
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Hantaviruses, the aetiologic agents for haemorrhagic fever with renal 
syndrome (HFRS), have been shown to be ubiquitously distributed.I 
HFRS has been recognized in the RepUblic of Korea, China, Japan, the 
USSR, Western and Eastern Europe, ranging from a mild illness to a severe 
haemorrhagic fever with renal failure and a high mortality. Rodents (Rattus, 
Apodemus and Clethrionomys Sspp.) are the reservoirs in nature. Laboratory 
rats, however, have been responsible for outbreaks among laboratory staff 
handling rats and field mice in Japan, the Republic of Korea and else
where.2 , 3 In 1985, we assessed the occupational health risk among labora
tory animal attendants working in the Animal Holding Centre, National Uni
versity of Singapore, and among research and technical staff handling labora
tory rats, by a serological survey of these personnel as well as a sample of 
laboratory rats kept in the Centre, using the indirect immunofluorescent 
antibody (IF A) technique. 143 (43%) of 330 rats from a population of 
about 4000 (sampling ratio of I in 12) were seropositive with an IFA titre 
of 16-256 and a geometric mean titre of 46.7. A total of 38 lung tissues (15 
of which were from seropositive rats) were examined but were negative for 
the viral antigen, using IF A test. Of 26 animal attendants examined, none 
was positive. Two of 31 laboratory technicians/research staff were positive for 
IFA antibodies, both having a titre of 128. One worker who has been 
handling laboratory rats for more than 10 years also demonstrated neutral
izing antibody to Hantaan virus (by the plaque reduction neutralization test) 
with a titre of 80. Although none of the two had overt clinical illness, the 
rmding of a disturbingly high infection rate among laboratory rats in Singa
pore led to immediate intervention measures, viz the destruction of alllabo
ratory rats and their replacement with new, hantavirus-free stocks. Personal 
protective devices such as masks are not totally effective as the mode of 
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transmission is not only through inhalation of infective droplets but also by 
contact with infected excreta. Care should be taken to prevent infection of 
'clean' animals by commensal rats which are found to be infected. 

REFERENCE 

lLEDVC JW. SMITH GA, CHILDS JE, ET AL. Global survey of antibody to Hantaan·related 
viruses among peridomestic rodents. Bulletin of the World Health Organization. 64(1):13944 
(1986). 

2UMENAI T, LEE PW, TOYODA T, ET AL. Korean Haemorrhagic fever in staff in an animal 
laboratory. Lancet. 1:1314-16. 

3LLOYD G, BOWEN ElW, JONES N, ET AL. HFRS outbreak associated with laboratory rats in 
V.K. Lancet. 1:1175-6 (1984). 



JE & HFRS BULLETIN 
Vol. 2, 57-62, 1987 

Haemorrhagic Fever with Renal Syndrome: A Report of 14 Cases 
(Nov.-Dec. 1986) 

C. D. SAUL III 

Captain, Medical Corpl, UnittKI Statel Navy Comm""d SUfT/son, Third Force StlftliC/l Support Group 
FltIIIt Marine Force Pacific, FPO San Frsncil/Co, COl 96604-8800 

UnirtKI Statlll of America 

INTRODUCTION 

Korean Haemorrhagic fever (KHF), as it was known until 1983, was first 
recognized in 195 1 among United Nations troops and had remained endemic 
near the Demilitarized Zone (DMZ) area. In recent years, the disease has 
spread to southern parts of the RepUblic of Korea, and 100 to 300 hospital
ized cases are clinically diagnosed annually. The disease is now known as 
Haemorrhagic F ever with Renal Syndrome (HFRS), a term recommended by 
a WHO working group on HFRS1 

The aetiological agent known as the Hantaan virus was isolated from 
lung tissue of the field mouse Apodemus agrarius by Lee in 1978.2 Infec
tion via aerolized route is believed to be the major route of transmission 
from mouse to human. 2 

CLINICAL HISTORY 

The patient is a 20 year old caucasian male who complained of a frontal 
headache on 2 November 1986 but did not seek medical attention. On 3 
November he went with his unit to the field and complained of headache, 
backache, general malaise and lethargy. On 4 November he reported to the 
field aid-station where he was noted to have a relatively normal physical 
examination and laboratory examination revealed a white blood cell count 
of 10000. No urinalysis was performed. That evening his fever spiked to 
105°F and he was treated with intravenous hydration and acetaminophen. 
The following day he was transferred to Seoul for further evaluation. On 
arrival in Seoul the patient was shocky with tachycardia of 160/minute, 
respirations of 60/minute and blood pressure of 96/50. Laboratory data 
revealed a white blood cell count of 59500/mm3 ; hematocrit: 55, haemo
globin: 17; prothrombin time: 46 secs (control: II sees); partial thrombo
plastin time greater than 200 (control: 22 sees), and markedly abnormal liver 
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function tests and acute renal failure. Arterial blood gases were pH 7.137, 
pC02 = 23.2 and p02 = 58. Serology: positive IFA for Hantaan virus. 

The patient remained in profound shock and expired the following day. 
The dusty dry conditions of the Republic of Korea from late spring to 

late fall may contribute, when sun dried excreta becomes airborne as minute 
particulate matter and is aspirated by humans.3 

The disease appears to affect most frequently the age group of 20-50 
years. The victims are primarily farmers and soldiers stationed in the field.3 

The incubation period is from 4-42 days. 
The clinical manifestations of HFRS are characterized by fever, head

ache, backache, abdominal pain, flushed face, and petechial haemorrhages. 
The common clinical course is the progression through a febrile, hypotensive, 
oliguric, diuretic, and convalescent phase. Often the disease rapidly leads to 
profound shock and acute renal failure with a mortality of 10-15%3. 4 The 
less severe form of the disease presents as a non-haemorrhagic flu-like illness 
with proteinuria and azotemia. 4 

During a military exercise in Uncheon, Republic of Korea, from Septem
ber through December 1986, a total of ten HFRS cases in U.S. Marines had 
been hospitalized and confirmed by immunofluorescent antibody (IF A) 
or strongly reactive ELISA serology. Two of the cases were fatal. All patients 
had onset of .illness from November 2 to December 17, indicating that the 
risk of infection was over a period of time, rather than a point source. An 
additional four cases which were never hospitalized were detected. During 
this exercise extremely dry, dusty conditions were noted. 

Final anatomic diagnosis on his post mortem examination revealed: 

Cardiovascular system: 

I. Petechiae of epicardium of apex of heart 
2. Thrombcremboli of left pUlmonary artery, small, multiple. 
3. Oedema of myocardium 
4. Hydro-hemcrpericardium 

Respiratory system: 

1 . Pulmonary oedema 
2. Hydrothorax, serosanguious, bilateral 

Spleen and hematopoietic system: Oedema 

Liver: 
1. Centrolobular anoxic necrosis 
2. Chronic passive congestion 
3. Oedema 



HFRS a report of 14 cases 

Gallbladder and bile ducts: Oedema of gall bladder 

Pancreas: 
1. Fat necrosis 
2. Haemorrhage 
3. Oedema 

Gastrointestinal system: 

1. Anoxic necrosis of mucosa 
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2. Mucosal haemorrhage of oesophagus, stomach, small intestines, large 
intestine and rectum 

3. Mucosal ulcers of pylorus and rectum 
4. Edema of gastro-intestinal tract 

Genitourinary system; 

1. Oedema of bladder 
2. Haemorrhage of mucosa of trigone 
3. Oedema of penis, scrotum and peritesticular tissue. 
4. Focal haemorrhages of testicular parenchyma, bilateral 

Endocrine g/andulllT systems: 

1 . Haemorrhagicnecrosis of pituitary gland 
2. Focal haemorrhage of adrenal cortex, bilateral 

Bones and joints; Oedema of joints, soft tissue. 

Miscellaneous; Anasarca 

DISCUSSION 

HFRS is endemic around the DMZ area in the RepUblic of Korea. From 
the time frame of September through December 1986 in Uncheon, Republic 
of Korea, the weather was dry and the conditions dusty. Uncheon is 40 miles 
northeast of Seoul and close to the DMZ. The highest risk periods of con
tracting HFRS in Korea are the October-November and May-June time frames. 

From December 12 to December 17 serum was collected from and epi
demiological questionnaires administered to 1777 of the military personnel 
involved in the exercise at Uncheon. The sera results are noted under positive 
serology. 

Depending on clinical symptoms and laboratory data, the following 
recommendations were made and followed to rapidly diagnose and transfer 
patients to a major treatment facility when presenting with flue-like symp
toms in a field environment. 
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CUNICAL SYMPTOMS IN 14 MARINES PRESENTING WITH KHF 
NOV·DEC 86 
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Any patient in a field environment presenting flu-like symptoms that has 
an unexplained temperature of I01.6°F, proteinuria or positive tilt test 
was immediately medevaced to a mlijor treatment facility. 

Cases that were diagnosed after the patient had left the Republic of 
Korea and returned to Okinawa were made on a high index of suspicion, 
along with proteinuria, positive tilts test and decreased platelets. 

It appears that a high index of suspicion of HFRS and rapid transfer to a 
major treatment facility greatly contributed of the successful management 
and recovery of the patient with HFRS. 
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LABORATORY DATA IN 10 PATIENTS WITH HFRS 
NOV-DEC 86 
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MANAGEMENT OF HAEMORRHAGIC FEVER WITH RENAL SYNDROME 

FEBRILE STAGE 

- Early diqnoois 
- Rapid and non·traumatic hospitaliution 
- Bed rest 
- Mild ledation 
- Strict fluid balance (avoid overhydntioo) 

HYPOTENSIVE STAGE 

- Rioten lactate 
- Dopamine 

Early referral to a major 
treatment facility 

. 

Platelet transfusion and/or 
Heparin therapy for 
disseminated intravascular 
coqulatlon (rarely) 

OUGURIC PHASE 

- Treatment for acute renal failure 
- Fluid and electrolyte balance 
- Diet 
- Haemodialysls or peritooell dialysis 

DIURETIC PHASE 

- Adequate replacement of fluid and 
electrolytes 

CONVALESCENT PHASE 

60 - 90 days 

FULL DUTY 

ISO days 
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Tests on human and rat sera from Fiji Islands especially in the Suva and 
Lautoka town areas in 1982 and 1987 showed some positive sera against 
the Hantaart virus. No virus was isolated in the rat lungs sent. 

MATERIALS 

Blood samples were collected from patients with nephrotic syndromes, 
liver disease, diabetes, leptospirosis, and from blood .donors. Some were 
confmed in hospitals and some were outpatients. The blood samples were 
spun, sera separated aseptically into sterile containers and then stored 
in either -70°C or -20°C freezers. 

Rats were caught in rat-traps set out by the Suva City Council, Health 
Unit in the wharf areas and also by individuals who took out rat-traps 
and set them in residential places. Some were also collected in and around 
the Tumavua Hospital, store-rooms and out-buildings. These rats were 
brought to the Virus Laboratory, anaesthetised with chloroform and bled. 
Lungs were dissected out, immediately placed in sterile containers and frozen 
at -70°C. Blood samples were spun and sera pipetted out aseptically and 
frozen either at -20°C or-70°C. 

Of the rats collected, 12 were of the Rattus norvegicus species while 120 
were Rattus rattus. 

About 1-3 ml aliquotas of sera were made and 1 drop of 10% sodium 
azide solution dropped in before they were air-freighted in dry ice to Seoul. 
All serological tests and attempts to isolate the Hantaan virus were made by 
Dr. H.W. Lee at the Institute for Viral Diseases, Korea University. 

RESULTS 

In 1982, of 82 human sera tested, 3 (3.6%) were found positive for anti
bodies against the Hantaan virus. Of 58 rat sera tested, 5 (8.6%) were found 
positive. 
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In 1987, of 97 human sera tested, 3 (3.1%) were found positive, and in 
85 rat sera, 4 (5%) were found positive for antibodies against the Hantaan 
virus. 

No Hantaan virus was isolated in 87 rat lungs and 2 mongoose lungs 
tested in 1987. 

These results can be tabulated as follows for human sera (Table I) and 
rat sera (Table 2). 

Further Hantaan virus studies may be required in Fiji to confirm the pre
sence of Hantavirus and HFRS patients. 

Table I. Seropositive cases (hwnan sera) 

Age Sex Race Area Titre Condition 

1982 II yrs Male Indian Suva 1:60 
II yrs Male Indian Suva 1:60 
38 yrs Male Indian Lautoka 1 :20 

1987 66yrs Male Fijian Suva 1:64 Diabetes 
II yrs Male Indian Suva 1:64 Jaundice 
56 yrs Male Fijian Suva 1:64 Liver disease 

Table 2. Seropositive cases (Rattus rattus) 

Specimen Area Titre 

1982 No.1 Suva 1:80 
No.2 Suva 1:40 
No.3 Suva 1 :40 
No.4 Suva 1:80 
No.5 Suva 1:40 

1987 No.1 Tamavua 1:32 
No.2 Suva wharf 1:64 
No.3 Tamavua 1 :64 
No.4 Tamavua 1:32 
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The fonnation of neutralizing antibodies against Hantaan and Seoul 
viruses in sera of rats was investigated using plaque reduction neutralization 
test. 

Weanling SD rats were bled at a week interval for two months after i.m. 
inoculation of the Hantaan (strain 83-1381 and Seoul (strain 80-39) viruser 
and the sera were used for demonstration of neutralizing antibodies against 
Hataan and Seoul Viruses. The antibodies were assayed by plaque reduction 
neutralization (PRN) test employing immunoperoxidase staining in Vero-E6 
cell grown in 24-well trays.3 

In sera from rats inoculated with the Hantaan virus, the antibody neutral
izing the Hataan virus was detected in significant levels one week following 
i.m. inoculation. The peak of antibody fonnation was attained about four 
weeks after inoculation and the peak reciprocal PRN titre was 10240. The 
antibodies persisted for at least 60 days after inoculation with relatively high 
titres (1280). Cross-neutralization of Seoul virus with sera of rats inoculated 
with Hantaan virus was observed but the reactive titres were much lower 16-
to 64-fold) than for homologous virus (Fig. 1). 

In rats inoculated with the Seoul virus, the formation of neutralizing anti
body against the Seoul virus was similar to that of rats inoculated with the Han
taan virus with respect to peak titres and time to attain peak. PRN titre was 
10240 at 3-5 weeks after inoculation. Cross-neutralization of the Hantaan 
virus with these anti-Seoul virus sera occurred also feebly as shown in Fig. 2. 

As the results of this study using laboratory rat models, it was observed 
that neutralizing antibodies were formed in the frrst days immediately fol
lowing Lm. inoculation and persisted for longer than 60 days with fairly 
high titres. The antibodies against Hantaan or Seoul viruses could neutralize the 
homologous virus unilaterally. Even if cross-neutralization of viruses by hete
rologous antibodies could happen, the cross-reactivity was low enough to 
differentiate one from the other. These results confirm previous observations 
on the antigenic differences among Hantaviruses.3 , 4 
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Figure 1. Production of antibodies neutralizing Hantaan virus (0), (strain 83-138) and 
Seoul (e), (strain 80-39) in sera of weanling S.D. rats inoculated intramuscu
larly with 2 x lCJ6pfu/ml of Hantaan virus (strain 83-138). The antibodies 
were determined by plaque reduction neutralization (PRN) test employing 
immunoperoxidase staining in Vero-E6 cell culture system. 
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Figure 2. Production of antibodies neutralizing Hantaan virus (0), (strain 83-138) and 
Seoul virus (e), (strain 80-39) in sera of weanling S.D. rats inoculated intra
muscularly with 2.5 x 104pfu/ml of Seoul virus (strain 80·39). The anti
bodies were determined by plaque reduction neutralization (PRN) test em
ploying immunoperoxidase staining in Vero-E6 cell culture system. 
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Thus the neutralization test proved again to be a specific and sensitive test 
for the differentiation of Hantaan and Seoul virus infections which are very 
similar or even indistinguishable in clinical manifestation in many cases of 
HFRS. 
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