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NOTE 

The views expressed in this report are those of the members of the 
Scientific Group on Development of Vaccine for Haemorrhagic Fever 
with Renal Syndrome and do not necessarily reflect the policies of 
the World Health Organization. 

This report has been prepared by the Regional Office for the 
Western Pacific of the World Healtb Organization for governments 
of Kember States in tbe Region and for members of the Scientific 
Group on Development of Vaccine for Haemorrhagic Pever With Renal 
Syndrome, Seoul, Republic of Korea, 1 to 3 Kay 1989. 
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1. INTRODUCTION 

The Scientific Group on the Development of Vaccine for 
Haemorrhagic Fever with Renal Syndrome met in Seoul. Republic of 
Korea. from 1 to 3 May 1989. Fifteen members from ten countries 
of WHO Western Pacific. South East Asia. Scandinavia. Europe. the 
People's Republic of China and North America. as well as four 
observers and four secretariat members. were in attendance. 

The Group was welcomed by Dr S.T. Han. Director. WHO Regional 
Office for the Western Pacific. who emphasized that haemorrhagic 
fever with renal syndrome (HFRS) was an emergent public health 
problem. particularly in countries of the Western Pacific. and 
that an effective HFRS vaccine was urgently needed. 

The objectives of the Group were: 

(1) to review the epizootiology and epidemiology of 
hantavirus infection and the serotypes of hantavirus in 
relation to disease; 

(2) to review the progress in the development of inactivated 
whole virus and subunit virus vaccines for haemorrhagic 
fever with renal syndrome; and 

(3) to make recommendations toward the formulation of WHO 
requirements for HFRS vaccine(s). 

The Group selected Dr Ho Wang Lee as Chairman. Dr Akira Oya 
as Vice-Chairman and Dr Joel Dalrymple and Dr Richard Yanagihara 
as Rapporteurs. 

The agenda and list of participants are attached as Annexes 1 
and 2. 

2. COUNTRY SITUATION 

2.1 Epidemiology 

Haemorrhagic fever with renal syndrome (HFRS). an acute 
interstitial nephropathy characterized by high fever and varying 
degrees of renal insufficiency and haemorrhage. is caused by 
viruses belonging to the newly defined Hantavirus genus of the 
family Bunyaviridae. Approximately 200 000 cases of HFRS occur 
annually with a fatality of less than 1% to more than 10%. 
Numerous murid. arvicolid and cricetid rodents and small mammals 
harbour hantaviruses. but Apodemus sp •• Clethrionomys sp. and 
Rattus sp. are the principal reservoir hosts. 
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2.2 Europe and Africa 

Clethrionomys glareolus is the principal reservoir of 
hantavirus in Belgium, France and Germany, where clinically 
apparent cases of HFRS have been reported. Seropositive Rattus 
norvegicus, Microtus arvalis and Mus musculus have also'been 
trapped in the Federal Republic of Germany. 

Laboratory-acquired, rat-associated cases of HFRS have 
occurred in Belgium and the United Kingdom, and while urban cases 
of HFRS have yet to be recognized in Italy, hantavirus-infected 
rats have been found. Epizootiologic and epidemiologic data of 
hantavirus infection elsewhere in Europe are unavailable. 

In Africa, serological evidence of hantavirus infection has 
been reported in rats captured in Egypt and Senegal, and strains 
of Rattus-derived hantavirus have been isolated in Egypt. 
Antibodies to Hantaan virus have been demonstrated in a few 
individuals residing in Egypt, Mauritania, Senegal, Burkina Fasso, 
Benin, Nigeria, Central African Republic, Congo, Zaire, Kenya, 
Rwanda, Algeria and Swaziland, but only one clinically apparent 
case of hantavirus infection has been reported to date. 

2.3 Eastern Europe and the Union of Soviet Socialist Republics 

Apodemus flavicollis harbours subtypes of Hantaan virus 
causing the severe form of HFRS in Yugoslavia, Bulgaria, Hungary, 
Czechoslovakia and Albania, while elsewhere in Yugoslavia and the 
European part of the U.S.S.R., Clethrionomys glareolus is the 
major reservoir of strains of Puumala virus causing the mild form 
of HFRS. The distribution of Hantaan and Puumala viruses in 
Eastern Europe is consistent with the ecology of Apodemus mice and 
Clethrionomys voles. 

2.4 Scandinavia 

Several hundred cases of nephropathia epidemica, the mild 
form of HFRS caused by Puuaala virus, occur annually in Sweden, 
Finland and Norway. Since the advent of serodiagnosis of 
nephropathia epidemica there has been an increase in the number of 
cases. 

2.5 United States of America 

Despite the existence of three serotypes of hantavirus in 
murid and arvicolid rodent species, the overall risk of hantavirus 
infection in humans is low, as evidenced by the rare demonstration 
of anti-hantaviral neutralizing antibodies in high-risk 
populations, such as mammalogists and rodent control personnel. 
Confirmed cases of HFRS have not been reported. 
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2.6 People's Republic of China 

A nationwide survey disclosed that 37 species of rodents and 
small mammals harbour hantaviruses, but epidemiological data 
indicate that Apodemus agrarius and Rattus norvegicus are the 
chief reservoirs of disease-causing hantavirus strains. Cases of 
HFRS have been reported from 25 provinces. An abrupt rise in the 
number of HFRS cases, attributable to Rattus-derived hantaviruses, 
occurred in 1980, peaking in 1986 to more than 115 000 cases. 
Vigorous anti-rodent control campaigns led to a precipitous drop 
in the number of cases to 51 000 in 1988. Mortality has been 2-3% 
in the past five years. 

2.7 Republic of Korea 

Several clinical variants of haemorrhagic fever with renal 
syndrome (HFRS) are caused by Hantaan and related viruses in the 
world. Since 1951, 500-900 patients with HFRS have been 
hospitalized annually in Korea and it was confirmed that Hantaan 
and Seoul viruses are causative agents of HFRS in Korea. Although 
HFRS is associated primarily with rural areas, it is now being 
recognized as an urban problem and a particular hazard to 
laboratory staff using rodents for research. Recently, epidemic 
outbreaks of leptospirosis and scrub typhus have occurred during 
the HFRS season, leading to confusion in diagnosis. Serological 
diagnosis of HFRS is based on the demonstration of IgM antibodies 
to Hantavirus by the indirect fluorescent antibody technique or 
enzyme-linked immunosorbent assay. The specific Hantavirus 
causing infection can be identified on the basis of titers of 
plaque-reduction neutralizing antibody. Results of studies with 
monoclonal antibodies against 52 strains of Hantaviruses isolated 
from allover the world suggest that viral subtypes exist for each 
Hantaviral serotype currently recognized. 

2.8 South East Asia 

Hantavirus-infected rats (Rattus norvegicus, R. rattus, 
R. exulans, Bandicota indica, ~ bengalensis) have been trapped in 
Burma, Malaysia, the Philippines, Singapore and Thailand, and 
viruses antigenic ally related to Seoul virus have been isolated 
from Rattus norvegicus and Bandicota indica captured in Singapore 
and Thailand, respectively. One case each of HFRS has been 
reported in Malaysia and Singapore. In both instances, hepatic 
dysfunction, as evidenced by elevated levels of serum 
transaminases, was a more prominent feature than renal 
insufficiency. 
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3. REVIEW OF THE PROGRESS IN THE DEVELOPMENT OF VACCINES FOR HFRS 

3.1 Developmen~ of killed HFRS vaccine 

3.1.1 

3.1. 2 

3.1.3 

Progress on HFRS Vaccines in Korea 

A strain ot Hantaan virus that was originally isolated 
from early stage blood of an HFRS patient by direct 
!~Jc~lation of Vero E-6 cells was passaged in both 
suckling mouse brains and suckling rat brains. 
Inactivatl0n of approximately 10 LD of either 
preparation with 0.05% formalin resulted in experimental 
vaccines that have been extensively tested by lmmunizing 
rats, hamsters, rabbits and Apodemus. Antibody 
responses measured by both the indirect fluores~ent 
antibody test (IFAT), ELISA test and neutralization (NT) 
were higher tollowing subcutaneous as opposed Lo 
intramuscular administratiol1. ;:~man trials of formalin 
inactivated suckling rat brain vaccine are in progress 
and immune responses have been measured. 

Progress on inactivated HFRS Vaccines in J~~Rn 

~wo HFRS experimental vaccines are currently under 
investigation in Japan. The B-1 virus strain of Seoul 
virus has been used to prepare 10% suckling mouse brain 
suspensions that are tcealed with ~l.'tamine sulfate, 
inactivated using 0.025% tormalin, sucrose gradient 
purified, adjusted to a standard antigen concentration 
alld lllj ec~ed using aluminium hydroxide as an adj uvant. 
Laboratory mice and guinea pigs have been shown to 
respond with humoral antibody respoll .. ,",s measured by 
IFAT, NT and hemagglutination-innibition. Mice are 
protected as reflected by reduced yields of virus in 
lung or spleen suspensions taken 5 days following a high 
titered challenge. Vaccines were eItective in both 
homologous and heterologous protection Lests even when 
diluted to 1:40. 

Humans have been immunized recently but only preliminary 
data are available. 

Laboratory studies of cellular immunity using Prospect 
Hill and Puumala viruses with Balb C mouse serum and 
spleen cell transfers to nude mice suggest that 
cytotoxic T cells can be both cross-reactive and 
protective. 

Progress of HFRS Vaccine Development in China 

Experimental vaccines have been developed using infected 
suckling mouse brain preparations as well as virus 
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propagated in either golden hamster kidney (GHK) or 
Mongolian gerbil kidney (MGK) cell cultures. The cell 
culture preparations contained in excess of 
10 TCID /ml. The GHK vaccine virus was inactivated 
using formalin and the MGK vaccine inactivated using 
beta propriolactone. Both vaccines met the requirement 
of containing less than one microgram per ml residual 
serum. Monovalent vaccines (GHK and MGK) have been 
prepared as well as GHK-propagated bivalent vaccines 
using both "Rattus" and "Apodemus" strains of virus. 
These cell culture vaccines appear effective in 
protection assays by reduced replication of challenge 
virus in hamsters and Mongolian gerbils as well as 
reduced virus antigen in lung and spleen specimens of 
immunized animals. These vaccines are currently being 
tested in human trials and 9 out of 10 recipients of the 
MGK vaccine have responded with neutralizing and 
hemagglutination inhibition antibodies following three 
doses of vaccine. 

3.2 Development of HFRS vaccines using 
recombinant DNA technology 

3.2.1 Preliminary vaccine development in USA 

3.2.2 

Following the successful molecular cloning and 
sequencing of both the M and S RNA segments of Hantaan 
virus, specific genes coding for the nucleocapsid 
protein (N) and the envelope glycoproteins (G1 and G2) 
were identified. Each of these structural proteins of 
Hantaan virus has now been expressed using recombinant 
baculovirus and/or vaccinia virus expression systems. 
Experimental immunization of laboratory mice and 
hamsters has demonstrated that recombinant vaccines 
expressing Hantaan virus envelope glycoproteins are 
protective. This was measured by reduced viral antigen 
in the lungs and a suppressed humoral immune response 
following infectious virus challenge. Passive transfer 
of appropriate mouse monoclonal antibodies will also 
protect hamsters using this same challenge protection 
assay. 

Recombinant vaccine development in Canada 

Cloning and sequencing of the S RNA segment of Seoul 
virus is nearing completion. Baculovirus expression of 
Hantaan virus envelope gly~oproteins has been greatly 
improved by the use of the pAcYM1 plasmid which places 
ribosomal binding sites upstream adjacent to translation 
initiation sites. Using the technique of polymerase 
chain reaction and selected primers for the S RNA 
segment of Prospect Hill virus (PHV), the sequencing is 
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now complete. PHV demonstrates considerable nucleic 
acid sequence diversity compared to Hantaan virus but 
there is considerable conservation at the amino acid 
level. 

4. RECOMMENDED GUIDELINES FOR THE 
DEVELOPMENT OF AN HFRS VACCINE 

The following guidelines are provided to support the 
development and testing of vaccines for haemorrhagic fever with 
renal syndrome (HFRS). Research on inactivated rodent brain- and 
cell culture-propagated experimental vaccines is already well 
under way. These guidelines emphasize the requirement for 
coordination and standardization of methods and approaches at this 
very critical point in the research effort. Early efforts toward 
recombinant DNA vaccine development can benefit from the 
application of these guidelines. In general, WHO requirements 
related to vaccine development* should be consulted wherever 
possible. 

4.1 Epidemiology 

4.1.1 The possibility of reinfection of individuals with 
immunity from natural infection should be examined 
wherever possible to provide data on possible cross 
protection, duration of immunity and antibody levels 
allowing reinfection. 

4.1.2 The pathogenesis of hantavirus infection should be 
investigated in detail to provide insight into 
mechanisms required to prevent infection/disease and 
allow estimates of infective virus dose and routes. 

4.1.3 Specific populations at risk should be defined for the 
purpose of vaccine efficacy testing as well as 
identification of future vaccine recipients. 

4.1.3.1 

4.1.3.2 

Define geographical areas of endemic disease. 

Identify occupational risk factors and exposures 
associated with increased disease incidence. 

4.2 Vaccine safety 

4.2.1 Inactivated rodent brain vaccines 

4.2.1.1 Requirements for other virus vaccines of similar 
rodent brain source (such as Japanese encephalitis 
vaccine) should be consulted. 
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Methods with the greatest sensitivity for detecting 
residual virus infectivity should be routinely 
employed. 

4.2.1.2.1 Sensitive cell cultures and co-cultivation should 
be used. 

4.2.1.2.2 Susceptible animal inoculation and subsequent blind 
passages should be used. 

4.2.1.3 Adventitious infectious agents should be excluded. 

Inactivated cell culture vaccines 

4.2.2.1 Selection of cell substrates and standard 
characteristics should conform to WHO requirements 
already specified. 

Recombinant vaccines 

4.2.3.1 Vaccines resulting from recombinant DNA technology 
should adhere strictly to international guidelines 
established for vaccines resulting from each 
specific expression system. 

4.3 Vaccine characterization 

4.3.1 Selection of virus strains for vaccine development 

4.3.2 

4.3.1.1 

4.3.1.2 

Virus strains associated with human disease should 
be given priority for vaccine development. 

A detailed description of the isolation, passage 
history and distinctive phenotypic characteristics 
of the candidate virus strain should be 
enumerated. 

Definition of antigenic content of vaccine 

4.3.2.1 

4.3.2.2 

4.3.2.3 

4.3.2.4 

Methods for potency testing of vaccines using 
susceptible animals (e.g. Japanese encephalitis 
vaccine potency tests) should be established. 

ELISA and other assay methods should demonstrate a 
relationship to the animal potency test before 
being used as a substitute. 

Procedures are needed for quantification of the 
relative concentrations of each of the virus 
structural proteins present in vaccines. 

Techniques are needed to define the predominant 
effective epitopes for HFRS vaccines. 
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4.4 Evaluation of vaccine efficacy 

4.4.1 Evalllation of immune response in laboratory animals 

4.4.2 

4.4.1.1 The evaluation of humoral immune responses to 
vaccination should include neutralization tests, 
IFA and ELISA. 

4.4.1.1.1 The challenge virus for the neutralization assays 
should be antigenically identical to the vaccine 
parent. 

4.4.1.1.2 Standard methods for plaque-reduction 
neutralization test, IFA and ELISA should be 
develope,\ and defined. 

4.4.1.2 Research on the cellular immune responses to HFRS 
val cines should be encouraged. 

4.4.1.3 Pn.tective immune responses should be determined 
using well-defined protection systems. 

4.4.1.3.1 Relatiwe sensitivity to different routes of 
im>culation (including intranasal) should be 
established. Safety considerations should be 
emphasized with intranasal inoculation. 

EvaluaU.on of human immune response 

4.4.2.1 

4.4.2.2 

Post-immunization human sera shculd be evaluated 
using standard methods developer for laboratory 
animal systems (4.4.1.1). 

Cellular immune response assays would be of 
interest. 

5. RECOMMENDATIONS 

It is recommended that the World Health Organization should: 

5.1 Provide support for the development of vaccines for 
haemorrhagic fever with renal syndrome (HFRS) prepared 
according to the developed guidelines. 

5.1.1 Coordinate the distribution of diagnostic reagents 
(monoclonal and/or polyclonal antisera) useful in 
characterizing or serotyping virus strains. 
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Play an active role in the organization of collaborative 
studies for the characterization, standardization and 
distribution of reference immune reagents to be used for 
neutralization and calibration. 

Provide support for the training of personnel in 
standardized test procedures. 

5.2 Review progress in HFRS vaccine development with a view to 
formulating WHO requirements for HFRS vaccines. 
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ANNEX 1 

AGENDA 

1. Opening Ceremony 

2. Epidemiology of HFRS 

3. Development of Killed HFRS Vaccine 

4. Development of Recombinant DNA HFRS Vaccine 

5. General Introduction on Vaccine Requirements 

6. Drafting of Recommendations 

7. Finalization of Recommendations 

8. Closing Ceremony 
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