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Not~~ 

TI1e views expressed in this report do not necessarily reflect the 
policy of the World Health Organization. 

This report has been prepared by the Regional Office for the 
Western Pacific of the World Health Organization for governments of 
Member States in the Region and for those who participated in the 
Working Group on Haemorrhagic Fever with Renal Syndrome which was 
held in Tokyo, Japan, 22 to 24 February 1982. 
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INTRODUCTION 

From 22 to 24 February 1982 a WHO Working Group on Haemorrhagic Fever 
with Renal Syndrome (HFRS) met in Tokyo, Japan. The meeting was opened by 
the Regional Director of the WHO Regional Office for the Western Pacific 
Region, Dr H. Nakajima, who expressed his gratitude to the Government of 
Japan for agreeing to host the meeting and to Dr Oya of the National 
Institute of Health for his assistance in organizing it. Dr Nakajima traced 
the development of knowledge about HFRS since its appearance as a problem 1n 
Korea in the 1950s until the present day. He drew attention to the major 
gaps in current knowledge and the advances which were now possible that 
specific laboratory tests were available. He stressed the value of a 
multidisciplinary approach to the problem and the need for scientists from 
various countries and regions to pool their knowledge for the benefit of all. 

He defined the objectives of the Group as: 

(1) to review the present status of knowledge of HFRS, including 
disease distribution, trends of the disease(s), its public health importance 
and problems encountered in diagnosing and controlling it; 

(2) to identify gaps in knowledge and areas of future research, 
training and ways to facilitate the exchange of information; 

(3) to propose a unified nomenclature of the disease; 

(4) to report and make recommendations to the Regional Directors of 
the participating regions on desirable areas for future action. 

Participants were then welcomed by the Director-General of the Public 
Health Bureau, Dr D. Miura. In his speech the Director-General stressed the 
importance of the peaceful co-existence of mankind and the need to make use 
of improved methods of data exchange, particularly in the field of 
infectious diseases. Dr Miura stated that Japan was very interested in HFRS 
and expressed the hope that the meeting would produce a unified approach to 
the diagnosis, treatment and prevention of the disease. Dr Oya was then 
elected Chairman of the meeting, Dr Svedymr Vice-Chairman and Dr Lee, 
Rapporteur. 

HISTORICAL BACKGROUND 

Between 1951 and 1954 more than 3 000 United Nations troops stationed 
in the demilitarized zone in Korea developed a rare disease which had not 
previously been recognized by western physicians. The illness, which was 
characterized by fever, headache, pain in the back and abdomen, a flushed 
face and various haemorrhagic manifestations, became known as Korean 
haemorrhagic fever and was accompanied by an alarming mortality. Five to 
ten per cent of those affected died of shock and renal failure. Since that 
time the disease has gradually moved southward so that it is now widespread 
among both military and civilian populations in rural and urban areas. 
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Although not described in Korea before 1951, it seems probable that the 
disease is an ancient one and occurs widely. In 1932 a disease with similar 
clinical features was described in the Amon River Valley of Russia and at 
the same t itne cases were reported among Japanese troops in Manchuria. The 
disease was given a variety of names by Japanese and Russian workers and 
extensively investigated. Infectivity studies in human volunteers showed 
that the disease could be transmitted by inoculation of the blood or urine 
of patients who were acutely ill; however, despite intensive efforts, the 
etiological agent was not detected. In the last two decades cases with 
similar clinical epidemiological and pathological features have been 
recognized in a wider area of the Soviet Union ranging from Murmansk Oblast 
in the north to the Urals in the west and extending into Hungary, 
Czechoslovakia, Yugoslavia and Bulgaria in the south-west. 

HFRS has been known to exist in Heilongjang Province in northeast China 
since 1934-1935 when doctors of the Japanese occupation forces reported 
cases among troops and the local people. Although there were no further 
reports until 1955, the disease is now recognized to be widespread and to 
involve both rural and urban areas. In 1980, over 30 000 cases were 
reported from 23 provinces or autonomous regions with a case fatality rate 
of 6.4%. 

In Japan, the disease was first recognized in 1960 when an outbreak 
occurred in a limited area of Osaka City adjacent to the railway station. 
The disease continued to occur for approximately 10 years and 11.9 cases were 
recorded. The disease was generally mild and only two patients died. 
Recently incidence of infection has been obtained in people living around 
certain ports and in scattered rural areas. HFRS has also been detected 
among laboratory staff working in animal rooms which house rodents. 

In Eastern Europe a major outbreak of HFRS occurred in Bosnia
Hacogoxina in 1967. During the outbreak 114 patients became ill and of 
these three died. In Norway, Sweden and Finland, a similar but milder form 
of HFRS has been recognized since 1934 and is known locally as nephropathia 
epidemica. In 1942 the disease caused a major outbreak among German and 
Finnish troops stationed in eastern Finland. Since that time it has been 
responsible for more than l 000 cases, mainly in Finland. In Scandinavia, 
haemorrhagic manifestations are uncommon and the mortality 1s less than 1%. 

Thus HFRS is a major pub 1 ic health problem throughout mast o.f thr:~ 
European and Asian land mass. It produces sporadic disease but under 
special circumstances occurs in epidemic form. Although predominantly 
associated with rural areas, it is now being recognized as an urban problem 
in some countries and a particular hazard to laboratory staff using rodents 
for biomedical research. 
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CLINICAL FEATURES 

Infection witl1 the HFRS agent(s) may be completely silent and 
aflsocittt(Hl with mild or severe disease. The severe form is common in 
Kaat A1ia while the majority of Scandinavian cases are mild. Most of our 
i .. nformation on this form of the disease comes from studies carried out on 
troop$ atationed in Korea during the 1950s • 

.§!_vere form~ The clinical features are quite characteristic and the 
diaeaae is usually well diagnosed in areas where it is endemic. The 
features of the mild form however, are quite non-specific and the disease 
may be overlooked or misdiagnosed. 

The incubation period of HFRS is variable, ranging from 1-5 weeks with 
a mode of 2-3 weeks. In severe cases the patient usually presents with 
fever, headache, muscular pains, haemorrhagic features and proteinuria. 
About 20% develop shock, serious haemorrhagic manifestations and renal 
failure. The disease has been arbitrarily divided into five phases: 
febrile, hypotensive, oliguric, diuretic and convalescent. 

Febrile phase: The onset is usually abrupt and consists of chills, 
fever, lethargy and weakness. Severe frontal and retroorbital headache and 
abdominal and lumbar pains are frequent features. The pain may be 
sufficiently severe for the patient to be operated on for a suspected acute 
abdomen. There is a characteristic facial flush, injection of the 
conjunctive and widespread appearance of petechiae. Proteinuria appears on 
the 3rd-5th day and is accompanied by a decrease in platelet count and a 
progressive leucocytosis. After about five days of illness, hypotension or 
shock may occur. 

Hypotensive phase: Most of the symptoms and signs of the febrile phase 
retliain although the patients' headache frequently subsides. Apprehension, 
restlessness may appear and later confusion, delirium and coma. About a 
third of the deaths occur at this stage. Massive proteinuria persists, the 
haematocrit rises and the urine specific gravity drops to 1.010. 
Ecchymoses, haemoptysis, haematuria, haematemesis and melena may occur at 
this stage as platelet counts continue to fall. 

Oliguric phase~ Over the next three or four days oliguria becomes a 
prominent feature of the disease; blood nitrogen retention increases rapidly 
and various electrolyte abnormalities may develop. Hypervolemia may occur 
and cause death as a result of cerebral or pulmonary complications. 

Diuretic phase~ This phase may last for several weeks and is 
associated with a rapid improvement in renal function. Some patients 
fluctuate between shock and hypertension with pulmonary oedema and severe 
electrolyte imbalance may occur. About one third of the deaths occur in 
this stage associated with shock and pulmonary complications. 
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Convalescent phase~ During this phase, which may last from three weeks 
to three months, recovery is completed. While the mortality of untreated 
cases may be in excess of 15%, with modern medical treatment, including 
dialysis, it is usually less than 5%. 

Survivors with the exception of those who have had haemorrhages into 
the central nervous system, usually make a complete recovery. Long-term 
sequelae are rare. 

Mild form: A similar but mild form of HFRS occurs in Scandinavia; the 
haemorrhagic features are scanty and the mortality is less than 0.5%. The 
disease has an acute onset with fever, headache, nausea and vomiting. 
Occasionally the predominant symptom may suggest hepatitis, carditis or 
meningoencephalitis. After 3-6 days backache and abdominal pain become 
important features and the patient develops proteinuria and oliguria. There 
is usually microscopic haematuria and moderate thrombocytopenia. The 
oliguria persists for a few days and is followed by polyuria as the patients 
condition improves rapidly. The illness usually lasts for about three weeks 
and sequelae are uncommon. 

Since the development of specific tests for HFRS it has been possible 
to retrospectively evaluate diagnoses of the diseaae based on clinical 
criteria. In endemic areas it has been found that experienced clinicians 
were able to make a correct diagnosis more than 95% of severe cases, 
however, the mild form of the disease caused considerable confusion and was 
frequently misdiagnosed. Serological surveys show that the infection is 
frequently subclinical as up to 4% of the population of endemic areas have 
specific antibody, frequently with no rPlevant clinical features. 

There are still many gaps in our knowl of the pathogenesis, 
clinical features and management of HFRS. Further work is needed to 
determine the best treatment for severe cl:HHls and the value of hyperimmune 
globulin, antiviral agents and interferon in the prevention or treatment of 
the disease. Little is known of the effect of HFRS on pregnancy, although 
severe cases of fetal death in utero and premature labour have been recorded. 

There has been little in the way of long term follow up of mild cases 
to determine whether infection with HFRS predisposes to chronic renal 
disease or other sequelae. An essential prerequisite for much of this work 
is the detection of an animal in which infection with the HFRS agents 
produces a disease which mimics clinical infection. No suitable model is 
available at present although characteristic renal pathology has been 
induced in squirrel monkeys infected with a strain of the Hantaan agent. 
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EPIDEMIOLOGY 

HFRS iB now recognized to be an asymptomatic infection of wild rodents 
(ratt:~, mice and voles) in many part of the Eurasian land mass; however, the 
finding of infection among urban and laboratory rats suggests that it may 
already have been transported throughout the world. 

'I'h~" epidemiological features of the disease vary from country to 
country and region to region and depend upon a variety of factors whose 
eludicution requires a multidisciplinary approach involving clinicians, 
epidemiologists, zoologists and laboratory workers. 

Three epidemiological types are recognized, each with a separate 
t'iHH~rvoir host. 

(a) Rural type: The majority of cases still occur in rural areas. In 
Korea, although the disease occurs throughout the year, two seasonal peaks 
are recognized, a small one in June (late spring) and a longer one between 
September and October. Cases usually appear singly but clusters have been 
reported when groups of susceptible people are exposed to a contaminated 
focus. Person-to-person spread has not been documented. The reservoir host 
in rural Korea (and much of China and the USSR) are mice of the Apodemus 
species. Seasonal peaks of disease coincide with peak numbers and peak 
infection rates of Apodemus mice in the countrysides. During these periods, 
which coincide with planting and harvesting, the mice are reproductively 
active and come out of their burrows to copulate. Gravid mice deposit large 
quantities of infected excreta onto the ground. Farmers working in the 
fields during these periods come in contact with infective excreta either by 
the inhalation of aerosols or by direct inoculation through cuts and 
scratches in the skin. The disease occurs predominantly in the 20-50 year 
age group and is more common among males, usually farmers or soldiers 
stationed in rural areas. Although there are nine species of field rodent 
in the endemic areas, only Apodemus agrarius coreae harbours the virus. 
Infected animals may excrete the virus in saliva, urine and faeces for 
periods of up to two years. 

In rural areas of China, the disease also has two seasonal peaks which 
appear to be related to the density of the rodent population, more than 90% 
of which is made up of Apodemus agrarius species. The size of the rodent 
population appears to be related to the area of rice cultivation. By 
contrast, in the Soviet Union, HFRS antigen has been detected in the lungs 
of 10 different species of rodent trapped in a different geographical 
regions. The highest infection rates were observed in Rattus norvegicus 
(25%) and Clethriono~s glareolus (12.8%). Significant rates were also 
detected in a variety of Apodemus and Microtus species. 

In Finland, the incidence of HFRS among the rural population ~s more 
than four times greater than in the urban population. The majority of cases 
occur in rural areas around Lake Finland north of the 60th parallel. 
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The disease has a marked peak in early winter with more than half of 
the infections occurring between November and January. More than 80% of 
patients are men, mostly between the ages of 15 and 35 years. The natural 
host of the dise<"\se in Scandinavia appears to be the bank vole Clethrionomys 
glareolus and the incidence of HFRS correlates well with the prevalence of 
these rodents. 

Because of the similarity between the epidemiology of HFRS in rural 
areas and certain rickettsial diseases, a number of workers have suggested 
that the disease may be transmitted by mites, fleas, ticks or chiggers. 
Although this possibility has not been completely excluded, there is 
currently no hard data to support the concept that ectoparasites are 
important in the spread of HFRS from rodents to man. 

(b) _Urban type; In recent years cas£~s of HFRS have been recorded in 
urban areas of Korea and China among individuals who have never been out of 
the city. The reservoir in those cases appears to be the household rats 
(Rattus norvegicus), which have presumably become infected by contact with 
rural rodents. 

In Japan outbreaks of disease have occurred around the railway station 
in Osaka and the port of Nagoya. The epidemiology of these outbreaks 
suggest that they may have been due to the importation of infected rodents 
from abroad. 

(c) Laboratory infections have occurred among medical and other 
personnel involved in trapping and handling wild rodents and people using 
laboratory-bred rodents for biomedical research. Since 1975, 195 cases have 
been reported from 16 institutions in Japan and outbreaks have occurred in 
laboratories in Moscow, Helsinki and Seoul where certain strains of unbred 
rodent have been found to be chronically infected with the HFRS agent(s) 

Because of the complexity of the ecology of HFRS and the different 
patterns encountered in different parts of the world, many questions remain 
unAnswered. The reservoirs of infection in nature are incompletely 
understood and much remains to be learnt about the mode of transmission. 
Seroepidemiological surveys are essential to defining the natural history of 
the disease. Data already to hand indicates that infection is extremely 
widespread and the agent is present in a number of countries in which no 
clinical cases have been recognized. 

Dirtgnostic tests 

Detection of the etiological a~ent(s) and specific antibodies directed 
ngainst them: 

In 1976 Lee and Lee demonstrated an antigen in the lungs of certain 
wild Apodemus agrarius coreae captured in rural areas of Korea in which HFRS 
was endemic. Lung tissue from these mice reacted specifically in an 
immunofluorescent test with convalescent sera from patients who had 
recovered from the disease. 
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In 1978, Lee et al reported that this antigen reflected the presence of 
the etiological agent of HFRS and that infected lung tissue could be used as 
a substrate to detect antibody rises in the sera of patients recovering from 
the disease. Diagnostic increases in immunofluorescent antibody were 
detected in 113 of 116 severe cases and 11 of 34 milder cases of suspected 
HFRS. 

The agent identified on the lungs of Korean mice has been designated 
the Hantaan virus after a river of the same name. Hantaan virus can be 
isolated in Apodemus mice by inoculation of blood and serum collected from 
man during the early stage of infection. The mice show no signs of illness 
but specific antigen can be detected in their lungs by indirect immuno
fluorescence. Antigen appears about 10 days after inoculation and can 
subsequently be found in the kidney, liver parotid glands and bladder. 
While peak virus shedding occurs about three weeks after inoculation, virus 
can be detected in the lungs for six months and occasionally for up to two 
years. Histological evidence of infected mouse tissue shows no evidence of 
inflammation. 

The Hantaan virus has not been isolated directly in cell culture, 
however, following multiple passages in Apodemus agrarius, it has proved 
possible to adapt one strain (76-118) to grow in a human cell line. After 
several passages in A-549 cells (originally derived from a patient with 
carcinoma of the lung) specific antigen can be detected in the cytoplasm by 
immunofluorescence. 

It is now possible to detect antibodies to the Hantaan virus us1ng 
either infected mouse lung or infected A-549 cells as substrate. Specific 
fluorescence shows up as discrete pinpoint granules distributed through the 
cytoplasm of the cells. 

Soviet workers have recently reported the development of enzyme-linked 
Lmmunoabsorbent assays and a solid phase of radioimmunoassay which may be up 
to 16 times as sensitive as immunofluorescence for the detection of HFRS 
antigen. Antibody detected by these techniques appears to rise more slowly 
and peaks later than antibodies detected by immunofluorescence. These 
studies are of considerable importance as they are more suited to 
large-scale screening of sera than immunofluorescence, provide objective end 
points, and can be readily adopted to the detection of class-specific 
antibody. 

Recently Brummer-Korvenkontio et al reported the presence of a similar 
antigen, the Puumala agent, in the lungs of the bank voles, Clethrionomys 
glareolus, trapped in an endemic area of northeast Finland and developed an 
immunofluorescent test for detecting antibody in patients with the disease. 
Despite extensive attempts, it has not yet proved possible to ~solate human 
strains of the Scandinavian agent in voles or in cell culture. 

In the past two years, groups in China, Japan, and the Soviet Union 
have also reported the detection of specific antigens in the lungs of 
rodents captured in areas in which HFRS is endemic. Attempts to adopt the 
agent(s) to tissue culture have been complicated by the frequent occurrence 
of adventitious agents in the inocula. Subsequently it has been found that 



- 8 -

the lungs of many captured rodents are infected with reoviruses. These 
viruses grow readily in all culture producing a cytopathic effect which carl 
be confused with the growth of the HFRS agent(s). These findings indicate 
the need for careful testing of inocula prior to attempts to isolate the 
HFRS agent(s) and the need for reference for the detection of unwanted 
rodent agents. 

Properties of ~he Hantaan agent 

The virus has not been adequately characterized because it has not 
proved possible to grow it in high titre. The infectivity of the virus for 
Apodemus mice is stable at ph 7-9 but lost at ph 5. While the virus 1s 
relatively stable at 40 and -zooc and be stored at -60°C for 5 years 
at least, it is inactivated rapidly at 37oc. 

" 
Relationship between the Hantaan and Puumala agents: 

When acute and convalescent sera from Scandinavia and East Asian 
patients with HFRS were iested against the Hantaan strain isolated 1n 
~podemus agrarius and the Puumala strain detected in Clethrionomys 
glareolus, a one way cross was observed. 

Sera collected from Scandinavian patients react to high titre with both 
antigens, whereas sera collected from patients in East Asia have much higher 
titres against the homologous (Apodemus) antigen. 

Danger of working with these agents 

Diagnostic tests for the detection of infection with the Hantaan and 
Puumala agents require access to infected rodents, fixed ti£isues from 
infected animals or infected cell culturus. Caution is required in handling 
materials infected with HFRS agents because of the risk of laboratory 
infections and the possible escape of the agents into the surrounding 
connnunity. 

Specimens from potentially infected humans should be handled with great 
care, preferably in a facility which provides a high degree of operator 
protection. Studies with infected animals (trapping, bleeding, autopsies, 
inoculation) and passage of strains in tissue culture have proved to be very 
dangerous and require extreme precautions to protect laboratory personnel. 
Laboratory rodents used for biomedical research should be housed in quarters 
which prevent contact with wild rodents and breeding colonies regularly 
tested for absence of infection with HFRS. When a colony is found to be 
infected, it should be replaced with noninfected animals and the quarters 
thoroughly disinfected. 

When new breeding stock is introduced into an animal house or imported 
from overseas, care should be taken to ensure that these animals are free 
from infection. 

Prevention and control 

Preventive measures to date have used two different approaches: 
attempts to reduce the chance of bite by ectoparasites and rodent control. 
In Korea, for some years all soldier uniforms were regularly soaked in 
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benzyl benzoate; however, this was shown to have no influence on the 
frequency of disease and has been abandoned. Rodent control measures have 
been practised in China for several years and appear to have a marked effect 
on the incidence of the disease. This method of control is however 
expens and difficult to maintain over a long period of time as it is 
impossible to eradicate the reservoir of the virus from nature. Control of 
the disease will have to be practised at a local and regional level. 
Basically, control depends upon reducing contacts between man and rodent 
exereta; however with the adaptation of strains to cell culture it should 
prove possible to develop a vaccine which could be given to high risk groups. 

Surveillnnce 

Consideration was given to improved surveillance of the disease. 
Because of limitations in the supply of reagents and the fact that few 
laboratories in the region have the facilities to work with the HFRS agents 
snfely, it is not practicable to propose an expanded surveillance programme 
at present. The laboratories in the Republic of Korea and the United States 
of America have undertaken to assist with seroepidemiological studies aimed 
at defining the prevalence of HFRS in different countries and detecting the 
presence of the agent in wild rodent and laboratory stocks. It was felt 
that WHO should assist in the exchange of information between laboratories 
engaged in studies of HFRS and the training of staff. After reviewing 
current knowledge of HFRS and hearing of a number of recent developments, 
the Working Group made recommendations as follows; 

RECOMMENDATIONS 

1. Nomenclature 

The Working Group recommends that the infection characterized by fever, 
haemorrhage and renal involvement, which has been recognized in many parts 
of the world, should be referred to as "haemorrhagic fever with renal 
syndrome (HFRS)~ 

2. Epidemiology 

The Working Group recommends that WHO should encourage further studies 
to .tlarify the natural history of the disease. 

In particular, further work is needed to define: 

the importance of various species of rodents as reservoirs of 
infection in both rural and urban environments and to study the 
enzootic cycle of infection; 

the relative importance of aerosols, contact with rodent urine and 
the role of ectoparasites in the transmission of the disease; 
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the extent of infection amongs laboratory-bred animals; 

the factors which determine the severity of infection in man; 

whether transmission can occur from man to man; and if so, under 
what circumstances; 

the outcome of infections acquired during pregnancy; 

the duration of viraemia and excretion of virus in rodents and man. 

3. Clinical studies and treatment 

The Working Group recommends that: 

(a) health workers should be alerted to the possible existence of HFRS 
in countries in which it has not been described and to the clinical 
features of the disease, especially in its mild form. 

(b) WHO should encourage further studies to clarify the pathogenesis 
and pathophysiology of the disease 1n man. 

(c) WHO should encourage attempts to improve the treatment of HFRS, 
particularly in areas of high mortality. In addition the role of 
specific immunoglobulin, anti-viral agents and interferon should be 
evaluated. 

4. Diagnostic tests 

The Working Group recommends that: 

(a) WHO should make reference and working reagents available to 
competent laboratories 

(b) Live virus should only be manipulat~d in laboratories with 
appropriate levels of containment (spec ia 1 precautions are required for 
in vitro studies and extreme precautions for animal experimentation) 

The Working Group further recommends that WHO should encourage; 

the development of additional diagnostic tests, in particular 
systems which can be applied to the detection of antigen and antibody 
in large numbers of specimens, provide objective end points and can be 
easily standardized; 

the development of assays for specific IgM with a view to 
establishing a diagnosis of recent infection by examining a single 
serum specimen. 
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S. Use of rodents for biomedical research 

The Working Group expressed concern at the fact that some colonies of 
rodents used for biomedical research are infected with the agent of HFRS and 
recommends that WHO should take an active role in disseminating this 
information. 

The Working Group recommends that in all facilities providing rodents 
for biomedical research, the animals should be housed in. secure quarters 
free from access of wild rodents and that laboratory workers should 
regularly check their colonies for evidence of infection and avoid 
introduction of new s~ock unless they are known to be free of infection. 

If laboratory rodents are found to be infected, new breeding stocks 
should be obtained and th~ rooms disinfected. 

6. Virology 

The Working G~oup recommends that WHO should encourage: 

attempts to isolate or adapt strains of the etiological agents of 
HFRS from various parts of the world in cell culture and to develop 
cell culture systems in which infectivity assays can be performed; 

attempts to detect an animal model of clinical HFRS in man which 
will permit studies on pathogenesis, and the evaluation of control 
measures and enable comparison of the virulence of different strains to 
be performed; 

attempts to biochemically characterize the etiological agent(s) of 
HFRS and to compare strains by immunological techniques; 

attempts to develop strains in adequate titre which might be used 
for vaccine production. 

7. Prevention and control 

WHO should encourage studies to: 

determine whether rodent control measures can reduce the incidence 
of disease in the face of an epidemic; 

evaluate the use of specific immunoglobulin, anti-viral agents and 
interferon in the prevention and treatment of infection. Such studies 
should initially be carried out on laboratory animals; 

investigate the possibility of developing a vaccine for the control 
of the disease. 

8. Exchange of information 

The Working Group recommends that WHO should take an active role in the 
exchange of information and of scientists between laboratories working on 
HFRS. Further regional or interregional meeting should be held periodically 
to review progress in the field. 
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9. Reference centres 

The Working Group reconnnends that the existing Collaborating Centre for 
Research on Korean Haemorrhagic Fever, Korea University, Seoul, Republic of 
Korea, should act as the International Reference Centre for Haemorrhagic 
Fever with Renal Syndrome. The terms of reference of the Centre will be 
revised and will include: 

production and distribution of reference reagents; 
standardization of test methods; 
training of personnel and production of training manuals; 
maintaining a repository of pedigreed virus strains; 
provision of reference services. 

The Working Group further reconnnends that WHO should provide support to 
the above Institute and foster links between the International Reference 
Centre and other institutions working on HFRS. 
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POTEN'fiAL RESERVOIR AND VECTOR HOSTS OF HAEMORRHAGIC 

F'f~VER WI'fH RENAL SYNDROME 

by 

Lim Boo Liat 
W.H.O. Vector Biology and Control Research Unit-2, 

P.O. Box 302, Jakarta, Indonesia. 

Haemorrha.glo fever wL t.h Henal Syndrome (HERS), also called Korean 

Haemorrhagic Fever (KHf•') is the most .important haemorrhagia fevers in 

terms of continuing human morbidity. It has a most interesting pathogenesis 

and represents the last eti.ologic ch.a.J.lenge after• the virus or Crimean 

~nd Central Asia haemorrhagic fevcr·s has been identified. HERS was reported 

in the Republic of Korea in 1951 and was endemic near the demilitarized 

zone (DMZ) between South and North Kor-ea (SmadeL 1951). In recent years 

the disease has invaded the southern parts of the Korean Peninsula. 

Epidemiological studies of HEH.S from 19'(1 to 19·{6 by Kim et al., (19T{) 

revealed that disease cases for th:ts s.ix-year perlod were 5.2% in the 

summer and 82.8% in late fall, out of a total of 1B61 cases. Ca~:>e records 

of pat:tents showed disease incidences were from people engaged in agr:tcultural 

fields, or fOl~es t in mountain areas. Similar d:i.seases to HERS have been 

described from fJianchuria (Ishii et al. 1942; Kasahara et.al. 1944; Kitano, 

1944), from Soviet Union (Smorod.intsev et al. 1944; 1964), from Scandinavia 

(Myhrman, 1951; Lahdevirta, 1971; Nystrom, 1977). from several countries in 

Europe (Gajdusek. 1962) and from Japan ('ramura. 1964). Since the first 

isolation and identification of the v:Lrus causing HEHS, the agents of the 

epidemic diseases in China, the Soviet Union, ScandinavililL and Japan have 

been found to be :serologically related t<) HERS vlru.s, if not identical to 

lt (Lee et. al. 1978; 1979a; Lee & Lee 1979). 'fhere is strong circullll3tantial 

evidence that the disease, whatever tts name, is acquired through contact 

with rodents and/or their eetoparasites or ecreta, elucidation of the 

specific nature of the syndrome and its natural h:i.story is needed to 

understand its mode of transmission. 

Rodent-human disease relationshi!!~ Aecording to Soviet's concepts 

the disease are based largely on differential prevalence of rodent species 

in disease focL, on habits of certain rodents, and on epidemiologic 

... / 
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circumstances of human infections (Jordi et al., 19r{O). The only rodents 

found in any number over the entire dis tl'ibution (>f' HERS (Fig. l) appear 

to be the common f Je1d mice and voles, 'They are the Common field mouse 

(Af>odemus sylvaticus), the striped field mouse (A. a5_rari~s), the 

Co1mnon vole (Microtus (Mlcrot.~ arvalis_) and the Field vole (Chel thrlonom_l!, 

spp.). 11he fl.rst :l.s found 1n forest, the second in forest, seoondary growth 

bush and in fields, the third is predominantly grassland, and the fourth 

in forest. Among these rodent species, _!!. ~~~~ is the most omranon, 

and inhabiting a wide range of habi.tats. The question arises is whether 

the disease observed West of the Urals, including Scandinavia and Eastern 

Europe, is etiologically the same as that in the F'ar East, including 

Manchuria and Korea, and whether or not a single rodent species is the 

infectious reservoi.r. 

The rodent-human disease association could probably be described in 

three typ<~s of epidem:i.ologic patterns. 

L Forest: In this type of ha.bi.tb.t, contact is with forests and may 

be very br:i.ef or .longer, depending upon activity. Activit:l.es are mostly 

during the Spring and Summer periods. People likely to be affected are 

woodcutters, campers, hunters, p.icnickers, etc., and predominantly a.re 

adult males than females and children. 

2. Household and garden: 'I'his type of exposure occurs in the fall and 

winter when rodents invade dwellings, out-buildings, cold cellars and 

gardens. At this time of the year, farmers are busy with their grain 

stock indoors, and people affected are usually among all age groups. 

Even office workers in cittes may be exposed during weekends in their 

suburban garden plots. 

). Agricultural: This is the most attractive type of habitat for 

transmission of the d1sease. Field mlce are abundant in the fields, and 

human activities are rampant. 'rhe height of <J.cti.vities are tn the fall 

and early winter where farmers wove hay and flax from .stacks in fields to 

farm buildings for an·rmal fodder or fiber processing. People affected are 

predominantly men than women and children. 

. .. I 
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Lee & Lee, (19'(6, l977a,b) succeeded in demonstrating an antigen in 

the lungs of A. ae;rar~, which gave specific immunoflourescent reactions 

with sera of pa tierrts convalescent from KHF'. 'l'he antiga1 was subsequently 

successfully propagated in ~· ~g;ra.£~ (Lee et al., 1978), and thus proved 

that ~· agra_T_:!.us is the natur'al reservo:lr host of KHI<' in the oommun1ty. 

Kim et al. (1974) found that the seasonal :\.nul.dence of~· agrarius was 

correlated with the incidence of KHF patients, with two peaks in May to 

June and fr·om October to December (Fig. 2 a,b). 

Para.si te-human diseas~ relat:ionsh_J.£S ~- 'fick species of Hyal~ ~· 

.!!:.~inat~ from wild rodents and birds, and .. ~hip~_cepha.lus rossious from 

cattle, were incriminated as vectors for the Crimean Haemorrh.agic Fever 

(CHF) and Centr-al Asian Haernorrhagic Fever (CAHi/). Traub et al., (1954). 

in their studies of ectoparanites of field rodents in site~> where outbreaks 

of' KlJit' occurred Jn 1951 and 1952 in Korea, found the rodents were commonly 

Jnfested with chiggers, laalaptid mites. fleas and ti.cks. Among these, 

chiggers and laelavtld mites were the most abundant. The infestation of 

trombiculid mites (chiggers) in fl· ag;rarius was shown to be correlated with 

the epidemiology of the disease; and they suggested that Le,etotrombidium 

(f) ~lida was the species most closely fitted to the seasonal 1.ncidence 

o:f KHF' (Fig. 3). 'rhe laelaptid mites, ljarticularly La~a_Es Jett~rJ. was 

Hhown to be highly prevalence in!!_. a~~· but no seasonal vattern was 

t:xhlbited (F'ig. lf). A.sanur.na (1952) and 'rakami (1951) :foun<.t L~::;l_ap~ 

jettmar:L naturally infected with the etiological agent o.f haC!mvrrha.glc 

fever in Manchuria. 

Okuna et al., (1976) us1ng suckling mice inoculation method, te~ated 

a large number of mite as well as chigger pool:;; for v1.rwa,· and gave no 

evidence that these parasites play a vector· or carrier role for the KHF 

etlological agent in Korea. Tht:l fai.lure to isolate the virus of KllJ:i' 

from ch.lggers and mites infesti.ng ~. ~_Brar~~' gave rise to speculation 

that KlW is probably air-borne. 

. .. / 
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Conclusion: 'rhe isolation of the etiologic agent of' KHlt, :from _A. 

At!jrtn·l~, confirmed that this mouse is the natural reservoir of the disease 

in Korea. Jt l'Htrves as an amplifying host and is assymptomic when infected. 

'I'o date it has not b~;en determined whethlilr or not other fauna are involvedJ 

nor are any terminal hosts recognised other than man. .!~· a~r~ius makes 

up about '74% of the feral rodent population ln Korea (Won, 1961), 1 t remains 

the single most important host element maintaining the rodent cycle of the 

disease. 'rhe distributlon of this speciftS exte.nds across the Central 

Palaeartic, with the exceptlon of southern and western Europe and Scandinavia, 

<:+nd this may be important in the epidemiology of HEHS throughout the Central 

Palaeartic region. 

Tamura et al., (1964) reported Epidemic Haemorrhagia li'ever (EHF) in 

Japan occurring among residents of urban areas in Osaka city during 196o-62. 

They also found in several families t.hrce ox· more cases of EHP. As Osaka 

City is infested with the commensal rats only, their potential roles as 

reservoirs of EHF were implicated. There is as yet any report. that commensal 

rats (Rattus ~~~ and £!. rattus) in Korea are involved with KHF'. 

However, the fact that these commensal species have been found to be very 

abundant in villages w:J.th farmlands, and some of these were shown to be 

adaptable to field environs living in close proximity with field mice 

(Chyun, 1973). their potential roles as reservoirs should be investigated. 

While HERS or Kffii' is at present a rural agricul tural-aasociated disease. there 

is potential for it to become an urban problem if urban rodents pi'oved 

to be adequate hosts. 

'!'he correlation of the high prevalence of chiggers with the disease 

during the two annual peaks (Fig. 3), provides i.mportant ecological 

information on host-vector-parasite-relationships. Chiggers, thus should 

not be totally disregarded as potential vector of HERS of KHF' despite the 

failure to isolate virus from them in the past. There is no record of any 

isolation of virus f':com other arthropods, such as lice. ticks, and fleas 

which are not as common and as abundant as chJ.ggers and mites i.n field 

mice. However, they are blood sucking insects and their roles as potential 

vectors should also not be overlooked. Although laelaptic mite, part.icula!'ly 

Laelaps ~ttmari do not feed on blood of rodents ('J.'raub et al., 1954), but 

being abundantly found infesting~· ~B!E.~!·Lus_, and the fact that this species 

was reported naturally infected with etiological agent of haomorrhagic 

fever by 'l'aka.mi (1951) and Asanuma (1952), pursuance in the investigation 

of its potenUal role as vector of Hlli~.S of KHF should be continued • 

. . . / 
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Accepting the: hypothesis that the virus of KHF is transmitted as 

an aerosol or by clo::H~ contact with infect-ed !!:_. art:r~r.i.u.::!, one would 

have expected that th(:: prevalence of human cases during the peak seasons 

would be much higher than that expected. 'rhe occurrence of mm>e than one 

case in the same house ls extremely ran: and there is no information to 

implicate f'ood, water or olothlng in the transmission of KHF (Kim et al., 

1977). However, aerosols normally are not infected at field dilution 

levels. Lasser virus is an exception, but lasser virus is also communicable 

from man to man as an aerosol. In the case of KHF' there is no report of 

the disease being transmissable from man to man. 'l'hus. there is a need 

for further investigation that KHF' in Korea is air-borne. 

With the isolation of KHF antigen by Lee et al., (1978). an unprecedented 

opportunity has arisen to investigate the disease and :Lts mode of 

transmission. More concentrated research in collaboration with different 

scientific disc.lplines is needed to define the disease and the mechanism 

of its transmission. 
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Epid<:'lm.iolog Fenture of Korean Hemorrhagic Fever and 
Research Activities on This Disease in Republic of Korea 

Ho Wang Lee, M. D. 

The Institute for Viral Diseases 
Korea University, Seoul, Korea 

Korean hemorrhagic fever (KHF) was not described in 
Korea prior to 1951, although this by no means disproves 
the existence of the disease on the Korean peninsula before 
this time. The disease in fact may have existed in Asia for 
at least the last one thousand years i-nasmuch as there is 
a suggestive description of a haemorrhagic fever with an 
associated renal syndrome in a Chinese Medicine book which 
was written around A.D. 960. 

During the Korean War KHF was an important military 
problem, having been responsible for several thousand cases 
among U.S. troops, not to mention those in the enemy camp. 
Outbreaks of KHF had been localized in the vicinity of the 
demilitarized zone (38th parallel) between South and North 
Korea up until 1970, but since 1971 the disease has invaded 
the southern areas of the Korean peninsula. Currently the 
numbers of afflicted civilian patients are increasing more 
rapidly than those of the military services and the disease 
is now prevalent all over the Korean peninsulai new cases are 
being reported not only in rural areas but in urban areas and 
in animal rooms of the Institutes as well. 

A. Epidemiologic Types 
There are three epidemiologic types of KHF according to 

the outbreaks and the reservoir host of the disease. 
1) Rural Type: The reservoir for KHF in rural areas of 

Korea, China and probably in the Eastern parts of the USSR 
as well is Apodemus species, while the reservoir for NE in 
Scandinavia is ~· glareorus. These rodents live only in the 
field but will invade houses during the snowing season. Cases 
of the rural type occur in the endemic rural areas and annually 
there are two seasonal peaks when incidence of the disease 
is high. 

2) Urban Type: The reservoir is house rats. There were 
many cases of KHF reported in urban areas of Seoul and other 
cities in individuals who have never been outside of the city 
limits and who had histories of contact with house rats; 130 
cases of KHF were reported also among residents of urban areas 
of Osaka City in Japan. Cases of the urban type occur throughout 
the year but tend to appear more in fall and winter seasons. 

1 



We have evidence that house rats are indeed a reservoir of 
Hantaan virus by the isolation of the virus and demonstration 
of antibodies from the rats to KHF. 

3) Laboratory Animal Type: The reservoir is colonized 
rats. There were 21 outbreaks of KHF among personnel of 
laboratory animal rooms in Korea and in Japan, and it was 
proved that rats were the source of infection. These cases 
may occur at any time of the year, but a series of outbreaks 
occured during the winter season when the air is dry in the 
animal room of the Institutes. 

B. Seasonal Incidence 
KHF occurs throughout the year, but the incidence of rural 

type is greatest during two sharp seasonal peaks, a small one 
in the late spring and a larger peak in the late fall. Cases 
usually appear singly, but small outbreaks do develop, parti
cularly when groups of susceptible persons are exposed to a 
contaminated focus, such as digging burrows of infected rodents. 

The interaction between the seasonal copulatory activities 
of Apodemus mice, and the seasonal planting and harvesting 
activities of the farmer produce the seasonal incidence pattern 
observed in the rural type of KHF. A large portion of Apodemus 
mice captured wild from endemic areas during the month of June 
and during the months of September-October are found to be 
infected. It is during these periods when Apodemus mice are 
reproductively active; inasmuch as the mice come outside from 
their burrows to copulate, and inasmuch as gravid mice are 
known to excrete much larger quantities of excretia than non
gravid mice, much more infective excretia is deposited on above
ground sites by Apodemus mice during these periods. 

During the late spring and the late fall, in connection 
with the usual activities of planting and harvesting of grain, 
the farmer spends much time in the fields which is where he 
is most likely to come in contact with infective excretia. 
The dry and dusty air of the late spring and late fall, corres
ponding to the dry seasons in Korea, is also a contributing 
factor, inasmuch as sundried excretia may become airborne 
and then as minute particulate matter be aspirated by humans. 
Finially, in the fall season after the harvest, Apodemus mice 
are known to come into the villages in search of food, thus 
during this time coming into closer than usual contact with 
humans. 

c. Age, Sex and Incidence 
The disease appears to affect the age group of 20 to 50 

years most frequently and cases under age 10 years are rar2. 
Although KHF occurs in both sexes, the incidence figures 
accumulated thus far show a significantly higher incidence 
in males. The victims are primarily farmers and soldiers 
stationed in the field. Occurrence of IF antibodies to Hantaan 
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virus in the sera fron1 Korean residents of endemic areas, 
near-endemic areas and non-endemic areas of KHF was 3.8%, 2.7% 
and 1.0%, respectively. All of the sero-positive samples 
belonged in the age group of 20-50 and no difference was observed 
by sex. 

D. Animal Reservoir Host 
The reservoir of KHF in the rural endemic areas in Korea 

is Apodemus agrarius coreae. There are nine species of field 
rodents in the rural endemic areas of Korea but only Apodemus 
species harbor the Hantaan virus. Infected rodents excrete 
large amounts of virus in saliva, in urine and in feces for a 
long period of time. The reservoir of NE in Finland and west 
of the Ural mountains is C. glareorus. The reservoir 
of KHF in the urban areas-of Korea is house rats. Colonized 
experimental rats and possibly other animals are dangerous 
reservoirs of KHF which have been responsible for 21 outbreaks 
of KHF among personnel of laboratory animal rooms of Medical 
Centres in Korea and in Japan. 

E. Intraspecific Transmission of the Virus in Ar?d~~us 
Mice 

It has been hypothesized that KHF can be transmitted by 
ecto-parasites harbored by various field rats. The only positive 
report supportive of this view so far published was that by 
Kasahara et al who were able to induce the disease in monkeys 
by inoculation of a saline suspension of 203 Laelaps jettmari 
Vitzthum obtained from 40 Apodemus a~rarius in China in 1944. 
However, to date this finding has yet to be confirmed by 
independent investigators though many attempts have already 
been made. 

Lee et al demonstrated for the first time that large 
quantities of virus are excreted in the saliva, in the urine 
and in the feces from infected Apodemus agrarius. The infected 
Apodemus mice excrete the virus in saliva and the feces for a 
period of one month and in the urine for two years at least. 
Horizontal transmission of the virus between Apodemus mice was 
demonstrated as non-infected ~podemu~ mice caged toghther with 
infected Apodemus for several days acquired infection beginning 
10 days after inoculation of the virus into the first animals. 
Results were not different when ectoparasitized and clean 
animals were used in these experiments. Transmission of the 
virus among house rats and experimental animals remains to be 
studied. 
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Virological and Immunological Tests of Korean Hemorrhagic 
Fever 

I!o Wang Lee, M. D. 

The Institute for Viral Diseases 
Korea University, Seoul, Korea 

In 1976 Lee and Lee demonstrated an antigen in the lungs 
of wild Apodemus agrarius coreae captured in rural endemic 
areas of KHF that gave speci fie illUltunofluon)scent [IF] reactions 
with convalescent sera from KHF patients. In 1978 Lee et al. 
reported that this antigen is the~ aetiologic agent of KHF, · 
discovered the animal reservoir host and perfected a serologic 
test for diagnosis of the disease. Viral strains also have 
since been recovered from the blood of KHF patients. 

The agent was named Hantaan virus after the Hantaan river 
which runs near Songnaeri where Lee et al first isolated the 
virus from Apodemus mice, and this name has been so registered 
in the Catalogue of Arthropod-borne Viruses and Selected 
Vertebrate Viruses of the World. 

Very recently, Brummer-Korvenkontio et al reported recovery 
of an agent similar to KHF from the pulmonary tissues of 
Chlethrionomys 91:._areolus and which appears to be aetiologically 
linked to a clinical syndrome termed nephropathia epidemica 
in Finland. Close aetiological relations have been proved by 
serologic means between KHF in Korea and HFRS in the USSR, 
between KHF and NE in Scandinavia, between KHF and EHF in 
Japan and between KHF and EHF in China. 

A. Virological Test 
1) Isolation of the Virus 
Isolation of Hantaan virus is possible by inoculation 

of Apodemus mice with blood and serum taken in the early stage 
of infection. Apodemus mice infected with the virus do not 
show overt signs of disease but the viral antigen can be 
recognized by observing the pulmonary tissues by means of the 
indirect FA technique. To date, we have isolated 19 strains 
of Hantaan virus in ~podell]US mice from 105 blood specimens 
from acute stage patients with KHF. 

2) Growth of Virus and Animal Susceptibility 
Hantaan virus grows well both in vivo and in vitro. 

Lee et al. conducted studies to define the natur.alt1o-st 
range of Hantaan virus and to identify colonized rodents 
suspceptible to this infection. Out of nine species tested 
among field rodents in the rural endemic areas of KHF, only 
the species of A:eode_mus agr(l_:t::iu~_ showed the presence of antigen 
in their tissues. 
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When 12 species of colonized laboratory rodents were inoculated 
with virus, only two, ~odemus agrarius ninpoensis and Calomys 
callosus, developed detectable virus antigen in their tissues. 
-- When the virus is inoculated into Apodemus mice, the 
virus begins to appear in the lungs after 10 days. Thereafter 
it can be identified at kidneys, liver and submaxillary glands. 
Maximal amounts of virus can be detected in the lungs on or 
about the 20th day, after which quantities decline gradually; 
after 150 days it is still possible to detect the virus. 

Neither wild caught nor inoculated Apodemus agrarius 
ever display overt signs of disease. Histological examination 
of infected rodent tissues do not show striking inflammatory 
lesions, but blood analysis of infected rodents shows a marked 
leucocytosis. 

French et al succeeded recently in propagating the virus 
in an in vitro system for the first time in a human cell line 
designated A-549 and described as Type II, alveolar epithelial 
cells derived from carcinoma of the lung. The virus after 
six passages in the cells produced specific fluorescence in 
the cytoplasm of the cells on day seven postinoculation. 
This finding makes it possible for the first time to study 
KHF-related antigen in infected cells utilizing IF antibody 
techniques. 

3) Properties of Hantaan Virus 
Hantaan virus is a RNA virus and recent EM study show 

that the particles had an average diameter of about 95 nm 
and physicochemical and morphological properties of these 
particles are compatible with the Bunyaviridae family of viruses. 
The virus is sensitive to deoxycholate, ether and chloroform. 

Infectivity of the virus to Apndemus mice is stable at 
pH 7.0-9.0 but is inactivated compleb~1y ·at pH 5.0. The virus 
is relatively stable at 4°-20° c but is inactivated rapidly 
at 37° C. The seed virus in a diluent containing 1% bovine 
albumin in BSS can be stored at -60° C for 5 years at least. 
Some of physicochemical characteristics of the virus are 
summarized in Table. 

B. Immunological Test 
It is impossible in the individual case with moderate 

to mild clinical symptoms to diagnose Hantaan virus infection 
on clinical grounds alone, and even in severe cases an accurate 
clinical diagnosis of this disease can be difficult. In our 
limited study, a correct clinical diagnosis was made in only 
50% of sero-positive KHF patients in Korea. The IF technique 
using infected Apodemus lung sections and A-549 cells with 
Hantaan virus makes it possible to diagnose serologically 
patiehts with KHF, haemorrhagic nephroso-nephritis in the USSR, 
EHF in Japan and China, NE in Finland and benign nephropathy 
in Sweden. The procedure of choice for the definitive diagnosis 



of Hantaan virus infection is the demonstration of rising 
titers of IF antibodies to Hant<liln virus in the sera from 
~' nspected patients. 

1) Specific Seroloq ical DLi, rnos is 
Specific seroloqical dL:tqnosis of KHF is rw.de by demon

strating a rise in titer of specific IF antibodies and N 
antibodies against Hantaan virus in sera collected twice during 
the course of illness at an interval of one week. IF and 
N antibodies appear during the first w~ek of symptoms, reach 
a peak at the end of second week And persist for as long as 
34 years. In most but not all cnses IF antibodies appeared 
by the 7th day. Specific antibodies to the virus can be 
detected even in mild and subclinical cases. The IF and 
neutralizing antibodies to Ilantaan virus were present in each 
of 13 sera obtained fron1 patients with KHF three to 14 years 
and in two sera obtained from patients with Songo fever in 
China 34 years after acute illness. 

IF antibodies against Hantaan virus can be detected 
utilizing infected Apodemus lung sections or infected A-549 cells 
with the virus as substrate. Specific fluorescence appears as 
discrete pinpoint granules distributed throughout the cytoplasm 
of the cells. The neutralization test in Apo~~_!l_ll_~ mice is 
specific but it is expensive and time consuming. 

2) Immunoglobulins, Complement <Hid Serum Proteins 
Lee et al reported results of a quantitative analysis 

of complement, immunoglobulins and serum proteins of KHF 
pat.ients during the course of il.l ness. The immunoglobulin 
which appears first in the patient's serum is IgM. IgM increases 
abruptly in the early phase, reaches a peak during days 7-11 
after onset of fever, then falls off rapidly to initial levels. 
This is followed by the appearance and rising titers of IgG 
and lqA. IgG reaches peak levels during days 10-14 after 
onset of fever. At the same tim<' the immunofluorescent (IF) 
and neutralizing (N) antibodies against Hantaan virus are 
produced. Some of the patients show increased levels of IgE 
during days 11-16, thereafter falling off slowly. The serum 
levels of c3 and c5 are depressed during days 3-7, thereafter 
rising back to normal levels. Increased levels of ceruloplasmin 
and alpha-antitrypsin were observed durjng the early febrile 
stage of the illness. 

3) Antibody Responses in Animals 
Experimental animals, Swiss albino mice, rat/Wistar, 

qtLi nea pigs, rabbits and monk~y produce IF and N antibodies 
after inoculation with a single dose of Hantaan virus 
intramuscularly. 

Lack of any imrnunogical relationship between Hantaan virus 
and antisera of arenaviruses, Lassa, Ebola and other known viruses 
was proved by the indirect fluorescent antibody test and by 
the complement fixation test method. 
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Clinical studies of epidemic hemorrhagic fever 

Toshihiko TAKEUCHia Katsuhiko TSUKADA, Masahito KATO 

and Milko to ITO. 

The Department of Internal Medicine~ 
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Ho Wang Lee 
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During the period from 1978 to 1979, there were 11 cases 

of epidemio hemorrhagio fever (EHF) among doctors who engaged 

in ex,perimetnts with rats at our university. Here, we report 

a clinical features of' this disease in the ll cases menthined, 

and some considerations on treatment. 

These patients complained of a high fever~ shaking chills, 

muscular pain and severe general fatigue. Epidemic hemorrhagic 

fever was suspected clinically in the light of the findings: 

characteristic symptOIIIB such as high fever, albuminuria; 

post-fever p~a.and increased BUN level, and in ,} cases the 

hemorrhagic tendenoy obserYed. We requested Professor H. W. 

Lee to check the Korea hemorrhagic feftl" (KBP) antibody, and 

all 11 patients' serum showed the titer of 64- to 6,}84-:fold. 

Two oases had no connection whatsoever with animal experiment 

labs. '!"hey took part in feeding rats cm1y on April 11th, - a 

single day - and never thereafter. They had high fever on May 

2nd and May 7th, respectively. From the onset time the 

incubation period was suspected to be about 3 weeks. 

The onset of the disease was characterized by sudden high 

fever above 39 C, shaking chills, and sharp lumbar and muscular 

pain, occasionally accompanying with abdominal pain and 

diarrhea. The temperature of above 37 C remained consistently 

elevated, in most oases from 6 to 7 days. Albuminuria was noted 

in 9 cases, and 8 patients showedpolyaria after fever declined. 

In 7 of the latter, the urine volume was over ,3,000 ml/daY' at 

around the tenth day after onset of the disease. So, we 

classified into the febrile stage andpolyuria stage in the 

clinical course as Dr. Tamura pointed out. Clinically, a 

hemorrhagio tendency such as nasal bleeding and hemorrhagic 

spots on oral mucosa was observed in ,} oases. 

In hemotological examination, the white blood cell OQMt 

(WBC) was below 5,000 by the fourth day. On the ninth or t;enth 

day, the leucocytosis was indicated and WBC returned to ~ 

normal level around fifteenth day 1:n most oases. The plate~t1; 
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count decreased to about 50,000 on the fourth or fifth day, 

then gradually rose so as to attain more than 100,000 around 

day 11. As to blood pioture 6 in 4 of the 5 patients a typical 

lymphocytes were observed. Coagulation test data revealed 

blood platelet count decrease 1 partial thromboplastin time 

prolongation, prothrombin time prolongation, fibrin degradation 

products increase and normal erythrocyte sedimentation rate in 

3 cases. The diseminated intravascular coagulation syndrome 

(DIC) was diagnosed in these oases. 

As to liver function tests all patients showed medium 

increase in GOT and GPT levels. Only one case showed a GOT 

level in excess of 500 U. Patients showed a high LDH level 

compared with levels of GOT and GPT. Seven patients presented 

levels of more than 500 U.in LDH. In other liver function 

tests» alkali phosphatase was found to be abnormal in 2 cases. 

Serum protein was less than 6 g/dl in 3 patients» but normal 

in the other oases. No patient exhibited serum bilirubin in 

excess of 1.5 mg/dl. In 3 cases, whom biopsy was performed at 

one m·onth after onset, liver cell were somewhat unequal! ty in 

size. An·aoido~lic body and balooning degeneration were noted. 

Furthermore, Kupffer cells were swelled and mobilized in places. 

These histological findings showed signs of acute hepatitis. 

In 3 oases whom DIC was diagnosed, two or three thousand units 

of heparin were given for 2 days. In all 3 cases» clear 

recovery was evident within short time as attested to be 

clinical and laboratory tests evidence. 

We have presented the clinical characteristics of 11 cases 

with EHF. Mild oases were often the rule, but there were some 

severe cases with DIC complications, which would be assumeq 

to be the chief cause of the hemorrhagic tendency. Theretore, 

we must strive to make an early diagnosis of EHF and effective 

treatment such as heparin administration have to be taken 

immediately in serious cases. 
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NEPHROPATHIA EPIDEMICA OR FENNOSCANDIAN RODENIT' FEVER 

by 

Markus Brummer 
Korvenkontio and the Helsinki NE Study Group 

Department of Virology, University of Helsinki 
SF-00290 Finland 

Nephropathia epidemica (NE) (Nephropathia Endemica Benigna) was 

noted for the first time by Myhrman and Zetterholm in 19.34. During 

World War II there was a large epidemic (1000 soldiers) in field 

troups in Eastern Finland. In the 196o's lehdevirta described the 

clinical picture of NE in detail. NE is similar to the hemorrhagic 

fever with renal syndrome (HFRS) but less pronounced. The hemorrhagic 

manifestations are scanty and the mortality less than l per cent. The 

annual incidence throughout F.inland has varied from a total of 20 to 

200. NE has also been detected in Sweden and Norway. 

The demonstration of NE antigen was successful after a lot of 

efforts. The lungs of the bank voles (clethrionomys glareolus) 

collected in Puumala Region in Lake Finland in October 1977 showed 

specific activity in immunofluorescense test using convalescent sera. 

In the same year Lee demonstrated the cross-reaction between Finnish 

NE sera and the Korean antigen. In 1979 we found that the sera of 

Russian HFRS patients reac·ted with our Puumala agent (the prototype 

strain passaged in laboratory breed bank voles). The immunological 

aspects of NE have been studied by Penttinen et al. verifying eg. 

circulating immunocomplexes and the prolonged increase in antibody 

titers. The epidemiological survey by Henttonen, vaheri and Brummer

Korvenkontio has revealed a high infection rate (75 per cent) in 

bank voles during human epidemics, the other rodents being negative. 

No antigen has been found by immunofluorescence in lung sections 

of the offsprings of NE-positive bank voles. 
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Working paper presented at HFRS Working Group 

Eoidemiology and research on Hemorrhagic Fever with Renal 
Syndrom (HFH.S) in Japan 

1. Epidemiology 

Akira Oya, M.D. 
Direc·tor 
Department of Virology. and 
Rickettsiolo~y, National 
Institute of; Health, Tokyo 

Incidence of human hemorrhagic fever with renal syndrom 

(HFRS) has been reported in Japan since 1960. 'rhose may be 

categorized in three types with their epidemiological charac-

teristics, 1) laboratory associated type, 2) urban type and 

3) suburban or rural type. Laboratory associated type of the 

disease was firstly noted in 1975 in the experimental animal 

room at Tohoku University. Since then, the same type of 

episodes were reported from 10 institutions from Hakkaido and 

the middle part of the main land of Japan. Totally 105 cases 

including one death were confirmed by the cooperation of Dr. 

Ho Wang Lee's laboratory so far. The details of the epidemi-

ological features will be presented by Dr. J. Kawamata in t,he 

present meeting. 

The first recognition of the disease was made by Dr. M. 

Tamura, a private physician in Osaka City as an urban incidence 

ln the central Osaka City in 1960. The disease was characterized 

by abrupt onset with high fever, feeling of severe sickness, 

abdomal pain, nausea, vomitting, diarrhea, febrile protenuria, 

oliguria and leucopenia. The cases were distributed in a _ 

limited area near the Osaka Railway Station. ~ehe incidence of 

the disease continued approximately 10 years and 119 cases inc-

luding 2 deaths were recorded. The disease was generally mild. 
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Cases were encquntered throughout the year but tended to appear 

more in winter and spring. The age of the patients ranged 

between 14 and 58, predominantly between 18 and 35. The un-

sanitary living concU tions seem to be a predisposing factor. 

Sorne rodents such as Rattus rattus 

suspected to transmit the agent. However, no agent was so far 

identified from those rats or from their external parasites. 

Seven to 17 years after the attack of the disease, 19 cases 

out of 20 tested were serologically confirmed as the infection 

of Korean hemorrhagic fever (KHF') viru~by Dr. R;· W. Lee in 

Korea. Since Dr. H.W.Lee kindly provided the diagnostic 

antigen we examined the presence of KHF antibody in the sera 

COLLECTED AT 'I'HE PORTS OF Kobe and Yokyhama However, no 

positive case was so far found. T. Tamura et al made a sero-

logical survey of KHF with 1528 sera raridomly collected from 

the residents of Osaka City in 1976 to 1979. Antibody to 

Hanta~n virus was detected in 18 sera (1.18%) which figures 

were comparable with those in Seoul City reported by Lee et al. 

In 1977 to 1979, Umenai et al reported to have identified 

4 cases of HFRS, 1 from Yamagata~ 2 from Miyag.i and 1 from 

Shizuoka Prefectures with antigens supplied from Dr. H.W.Lee. 

All of them were reported to have shown typical symptom of HFRS. 

We attempted serological survey with wild rodents collected 

in the vicinity of the house of the patient in Shizuoka. 
i 

However 1 no an·tibody was detected in the sera from 27 Apodemus 

speciosus, 8 Microtus montebelli. More recently, a high school 
------ -----
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boy in Sanjo City 1 Niigata Prefecture showing HFHS "like symtom 

in November, 1980 was found to posess a high titer antibody to 

Hantaan virus by Prof. 'I'. Hamada, Niig.a.ta University. They 

made a serological survey of wild rodents in Niigata Prefecture 
t 

in December 1980. Ninty rodents were colle~ted and•tested 

including Rattu~ norvegicus_, Rattu~~- £_~ttlls 1 Apodemus_ ~peciosus 

and Microtus montebelli. FA antibody was found with KHF anti-

gen in 3 out of 15 Ra~tu~ norvegicu:;_ collected at the pier of 

Niigata port. They also detected KHF antibody in 2 out of 40 

porters employed at the Niigata port. In the meantime, low 

titer of KHF antibody was found in 2 medical attendants at a 

h6spital in Niigata by the same survey team. 

2) Hesearch on the causative agent 

Isolation of the causative agent_s from the ,Japanese HFRS 

cases as well as the laboratory rodents involved in the episodes 

has been attempted in several laboratories in Japan since 1978. 

Ishida, Umenai and others reported that a CP agent was isolated 

from acute patient sera by the inoculation to a human embryonic 

lung cell line (R-66). The agent was neutralized by KHF anti-

body positive sera but not by negative sera. Elect:con micro-

scopic examination revealed reovirus-like particles in the CP 

positive culture medium. The complete particles posessed a 

double-shelled capsid and were 83-92 nm in diameter with a cen-

tral core of 50-52 nm. The growth of the virus in R-66 cells 

was not inhibited by BUDR or IUDR. The specific FA positive 

agent was also isolated by them by inoculation to TuLi cells 

3
. - -



( a cell line established from newborn Tupaia) . HFRS convales-

cent 10 sera had FA titers ranging from 1:16 to 1:128 with their 

ant.igen. However, 2 5 normal control ,.sera did no·t react at 

: 
the dilution more than 1:16. Prof. Aovama of Tokvo University 

- -~ ' . 
reported that FA antigen could be detected in tissues fixed by 

formalin when they were treated by trypsin. This technique 

provided us a safe and effective method for KHF antigen survey 

in the field. 

- 4 -
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LABORATOHY CASI•:S OF EPIDEMIC HAEMOf\'J?.HAGIC FEVER AND THEIR 
CONTROL IN JAPAN 

Junichi KAWAMATA, M.D. 
Professor Emeritus 
Research Institute for Microbial Diseases, Osaka University 
(J-1 Yamadaoka, Suica, O~;aka 565, Japan) 

In late 1978, outbreaks of a f8brile disease with renal 

involvement \vere made pub]_ic in Japan particularly alllong the 

researchers doing animal experilllerlts. The disease was quite 

similar to Korean haumorrhagic f'ever (KHF) i'ound in Korea or 

epidemic haemorrhagic :fever (EHF) that prevailed in the Osaka 

area from 1960 to 1970. In co-operation with Dr. H. W. Lee 

or Seoul the serological cliagnos.i:::; of' the disease ·wa~; made 

employing the indirect fluorescent; antibody technique developed 

by him. 

When the outbreaks of the disease were noticed, a research 

committee Has organized in 1978 supported by Grant-iH-A:i..d for 

Scientific Research from the Ministry of Education, Science 

and Culture of' Japan, as an urge•tt resEJarch project. The 

purpose of the project is to investigate the epidemiological. 

profile of the disease and to establish the effective means 

. of' control.J_i:ng the spreading of' Uw disease. The isolation 

of the causative agent is another important project. Since 

then, the survey of the suspected cases has been continued 

mainly by questionnaire. At the ond of 1981, we have recorded 

li+J suspected cases among 26 institutions, among which 107 

cases were sero-positive, 25 cases ~~ro sero-negative and 

- 1 -
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remaining ll ca.:;es ·were not tested. The outbreaks Here pre-

v~-tlent throughout Japan. In wost o:t' the cases, the patients 

v1ere researchers, all.J1ough a number of' sero-positive cases 

Hithout particular sy111pLoms \vcre found l!specially among animal 

t(~chnicians and sorrwtimes <:tmo.r1g· '· cc;c:archer::s. Most of the cases 

were found among Lhose who had clo~.;u contact with laboratory 

rats. Actually, serodiagnosis of rats in such a laboratory 

where suspected patient was found proved to be sero-positive. 

At the present ·time, it is still obscure Hhy and how labo-

ratory rats became contaminated with the agent in Japan. One 

possibility is that animals supplied by the breeders had been 

already contaminated at the breeders' farm before shipment to 

the research laboratories. Another possibility is that the 

contamination had occurred in animal f'acilities by the acci-

dental invasion oi' Hild, inFected animals frow the outside. 

In any case, if, by chance, the contaminated and virus-excreting 

ani1nals were transferred to another facility, the contamination 

can spread without difficulty. We have at the present time 

no positive evidence for the translllission of' this disease by 

mites or any other vectors. Dr. H. W. Lee claims the trans-

mission of Hantaan virus, causative virus of KHF, \Vithout 

such a vector, ho\Vever, possibility of the invol~ement of any 

vector should be investigated. 

It is to be noted that the majority of cases Here researchers 

or medical doctors and very f'ow animal technicians showed 

- 2 -



clinical signs. We Found that most of the patients were suffer-
,. 

ing from severe f'atigue clue to their daily work, when they 

got ill. The eradication of the disease from animal facili-

ties is our urgent subject of study. No doubt there are a 

number of ways to be done for this purpose, but serological 

diagnosis or monitoring of all animals in animal facilities 

including breeders• farm will be required. We recommend also 

that th,e lp.b'oratory rats should be tested 'ror Hantaan virus 

when they are transferred from 011e facility to another. At 

present, the following practice is observed in Japan that 

once a case of the disease has occurred in an animal racility, 
'-... 

it is recommE:n1decl to evacuate tlw contaminated room by sacr:i.-

ficing all the other animals in the room. After sterilization 

of the room, serologically monitored animals are allowed to 

be introduced. In those facilities where such a means was 

strictly employed no n1ore patient. has been experienced up to 

now yet. 

Although the outbreaks of EliJi' in animal facili ti.e s in Japan 

caused a strong respons~, the trans1nission of tho disease 

• 
does not seem very rapid from animals to animals or to human~. 

I 

So far as ~~cessary and ordinary care is taken, 
I , 

tlw co'n trol · , . 

of the disease in animal facilities will be possible without. 

many difficulties. Tlw early d:ictgi~osis and prop'er trt-)atment 
.. 

ar(; most important to· prevr;)nt thu occurrence. o:C vic-tims 'of' 
I ; I 1 

' . I 

tlli.s disease. 
I. , .. 

'/ 

- J -



year with ttae support of the Ministry of Education, Science 

and Culture and a guideline 1~or the prev(~nt:ion o:f ElJli' in 

ani.mal facility and also a manual f'or early diagnosis and 

proper treatrnent of' EHF were· prepared. 
. I I 
These documents were 

d{stributed to many universities or colleges and institutio~s, 

where an_imal experirnen ta tion are being cai~ried out on rather 

a large EfCale. It :i. s true tlw t che eradica t:i.on o:f EH!i' in 

animal f'acilities will be possible, hut, effort should be 

continued to isolate the causative agent from materials 

obtained in Japan to clarify the entire profile of EHF 

occurri~g in Japan. 
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by 

Dr S.G. Drozdov and Dr E:A. Tkachenko 
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Academy of Medical Sciences of the USSR, Moscow 

125 
The development of the methods of the incorporation of I 

oractive enzymes into protein molecules as well as detection of 

the ability of polystyrerL and polyvinyl surfaces to absorb gamma-

globulin thus giving the possibility to compose on these surfaces 

combined specific immune complexes resulted in the elaboration 

highly sensitive and specific laboratory tests for the detection 

of various antigens and antibodies and their quantitation in the 

materials tested. Among these inununosorbent methods most widely 

used for the inves·tigations in virology are RIA (radioimmunosor-

bent: assay) and ELISA (enzyme linJ.;:ed immunosorbent assay) . 

1The disease is etiologically identical or related with 

nephropathia epidemica in Scandinavia, Korean haemorrhagic 

fever and some similar diseases observed in several countries in 

South-East Asia. 

2This short report is illustrated by direct or generalized 

data of the studies carried out by scientific workers of the 

Laboratory of arenaviral infections, Institute of Poliomyletis and 

Viral Encephalitides, Acad. Med. Sci., USSR. Partly these studies 

have been conducted in cooperation with the staff of research and 

public health institutes in the regions having natural foci of HFRS. 
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During last years i.n the Laboratory of arenaviral infectious 
1:Institute of Poliomyelitis and Viral Encephalitides) the optimal 
conditions of the application of HIA and ELISA for detection of 
specific antigen (antigens) of the H.FRS virus and appropriate anti
bodies were developed. It was shown that these tests have several 
advantages comparing withindirect i1mnunofluorescence test which 
was until the last time the only laboratory method for HFRS study. 

By immunosorbent assays (RIA and EIJISA) during relatively 
short period the investigations on the etiology of the disease, 
some immunological aspects and particularities of the epidemiology 
as well as epizootology in various natural foci of HFRS in the 
USSR were conducted. 

t'~ As a result of the intensive serological studies in several 
·~ 

regions of the USSR some natural foci of lf.F'RS were detected which 
rernain unknovm before these investigations,. In the sera of conside
rable nwnber of healthy persons (without history of HFRS) from 
natural foci of HFRS (already known r:illd recently recognized) the 
high-titers of specific antibodies to HFH.S virus (antigen) were 
found. These findings as well as very long presence of antibodies 
in the blood of convalescent persons (Fig.1) indicates the possibi
lity of the preparation of immune plasm and immune globulin using 
not only convalescent sera but also the sera of immune heaJ.thy 
persons from natural foci of HFHS .. The proportion of such persons 
as shown by preliminary studies in some HPRS foci is high enough. 

The study of the presence and level of specific antibodies in 
the sera of the patients and convaleEJcent persons at various times 
afte~h~nset of disease by inderect immunofluorescence test, RIA 
and ELISA has shown early appearance of an·ti bodies, rapid increase 
of their titers and long (for many years) presence in the blood 
(Fig. 1). In HFHS patients (in contrast with many other infectious 
diseases) the tendency of the :i.ncrear3e of specific antibody titers 
during long time after clinical recovery has been shown (Fig.1). 

In the study of the presence of l.D?HS virus (antigen) in the 
lung tissue of wild rodentt· trapped in 9 various geogrc:tphical re
gions the virus (antigen) was detected in rodents of~ 

10 d.ifferens species ('11able 1) .. We aE3sume that in H}1RS foci the 
mai..n virus carriers belong to one (oT few) species and infectivity 
of the other species representatives has more occasional character. 
The ratio of infectivity of wild rodents in several foci is rela-
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tively low with some variations in different areas (Table 2). It 
was shovm also that among adult hibernated rodents the infectivity 
ratio is 10 to 15 times hig-,her than among young rodent population. 

It was not found noticeable difference between antigens de
tected in various rodent species in the same natural focus or in 
the rodents of the same species trapped in various foci in the 
western part of the co1.mtry. Some difference was detected between 
Hli'RS virus antigens originated from western and eastern natural 
foci (Table J). 

Clinical observations have shovrn that HFRS cases in the Far East 

foci often have more severe character as compared with the cases 
in western foci. The lethality among the Far East cases of HFRS 
reaches sometimes considerably high level (up to 16%),. 

The results of some studies of HlPRS in various natural foci 
in the USSR presented in this short report indicate the importance 
of the comparative investigations of various ID'RS virus strains 
circulati:q?;in di~ferent geographical regions in the USSR as well as 
in other countries. Comparative study would be very valuable for 
clinical characteristics of BJ?RS and for epidemiological and 
epizootological peculiarities in ve.rious natural foci of the disease, 
Such investigations would greatly assist in the study of the exis
tence oi' nosogeographical forms (variants) of HFRS and help in the 
elaboration of rational methods of specific diagnosis, prevention 
and treatment of EFI?.S in various r;eographical regions and natural 
foci. 



Table 1. 
Detection of virus (antigen) of HFRS in the lung tissue 
of vnld rodents trapped in 9 geographical regions. 

Rodent species 

1. Clethrionomys glareolus 
2~ Apodemus agrarius 
J. Apodemus silvaticus 
4. Apodemus flavicollis 
5. Apodemus peninsulae 
6. Sorex araneus 
7. Rattus norvegicus 
B. Microtus fortis 
9. nicrotus arvalis 
1 o. J~icromys nd.nutus 
11. l.':us musculus 
12. l1:icrotus agrestis 
13. ~icrotus oeconomys 
14., Microtus gregalis 
15. Arvicola terrestris 
16. Cricetus cricetus 
17. Cricetulus dauricus 
18., Clethrionomys rutilus 
19. Sorex caecutiens 

Total 

Uumber of 
studied 
animals 

2007 

571 
244 

95 
83 

1 rr 
8 

93 
102 

Yl 
5 
2 

4 
1 

1 

1 

16 
1 

1 

3383 

Detection of antigen 
in the lUJ1g tissue 

Nwnber of %% animals 

256 12.8 

33 5.8 
10 4.1 

5 5.3 
14 16.9 

5 4.3 
2 25.0 
5 5.4 

12 11.8 

2 6 .. 4 
0 0 
0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

344 10 .. 2 

--



Table 2. 

Infectivity of wild rodents with Hl,RS virus 
in various geographical regions 

Detection of antigen in 
Hegio:n of Humber of tissue 

rodents trapping f3tudied ·-
animals Number of 5b% animals 

VI - 1 1660 214 12.9 
w - 2 421 46 1 o. 9 
w - .3 216 19 s.s 
w- 4 119 ·Jo 8.4 
VI - 5 200 15 7.5 
w - 6 68 7 10.3 

w - 7 84 6 7.1 
E- 1 696 46 6.6 

'l'ot al in all 
regions 3464 363 1 o. 5 

Notes: W-1, W-2, W-3, W-4, W-5, W-6, W-7- western 
regions. 
E-1 - eastern region. 

lung 



Table 3. 
Cross titration by RIA (SPRIA) of convalescent sera 
with lil"RS virus antj.gen from 6 natural foci of HFRS 
of west ern a:nd ea:::rt ern geograp~ical regions. 

Se- Region of 
rwn sera collec
uo tion 

Serum titre (reciprocal) with antigens from 
weBtern and eastern natural foci of HFRS 

146 
148 
176 
178 
180 

905 
911 

9;~7 

970 
294 

E>89 
2470 

3 
4 

289 
292 

298 

VI - 1 

w - 3 

w - 2 

VI - 4 

E - 1 

E - 2 

w - 1 

16384 
4096 

16384 
2048 
4096 

4096 
4096 

1024 
1024 
8192 

4096 
2048 

16 
8 

16384 
4096 

32768 
4096 
8192 

8192 
8192 

2048 
512 

4096 
~~048 

16 
8 

16384 
8192 

16384 
2048 
4096 

8192 
16384 

4096 
1024 
8192 

8192 

4096 

32 
8 

32768 
4096 

16384 
2048 
4096 

8192 
8192 

2048 
1024 

8192 
2048 

4096 
256 

2048 
256 
512 

1024 

64 

1024 

512 

16 1024 
8 256 

-------·--------------
16 

4 
8 

32 
8 

32 
8 

32 2048 
8 256 

1024 

Notes: Vl-1, W-3, W-2, \V-4 - western regions. 
E-1, E-2- eastern regions$ 
~ - not test eel. 
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EPHWHIC (OlDEHIC) NEPHFWP/\THIA IN SWEDEN: 

!\ SUMM/\HY OF PRESENT KNOWLEDGE 

Arne Svedrnyr 

rJw 5 tockholrn County Council 

CcnLral Hicrobiological Laboratory 

Post Office Box 177 

S-101 22 Stockholm l, Sweden 

The first reports on the mild Scandinavian variant of hemorrhagic fever 

with renal syndrome ( HFHS), later called nep~~opa thia ep..:.i.clernica ( NE) ( l) 1 were 

published in 1934 independently by Zetterholm (2) and Myhrman (3). By 1974 al

most 1000 civilian cases had been reported by Scandinavian authors (for ref. sec 

4), most of them from north of the 60th parallel. tvloreover, a large epidemic had 

occurred in 1942 in the German and Finnish troops just across the Russia11 border 

to northern Finland (5, 6). Gajdusek noticed in his survey of hemorrhagic fevers 

of 1953 (7) that the Scandinavian NE was similar in many respects to the Korean 

hemorrhagic fever (KHF), although much milder. Serological evidence for an etio

logical relationship was obtained in 1978,shortly after Lee et al. isolated the 

KHF virus (8), through collaboration between the Korean virologists and Swedish 

and Finnish workers, respectively (9, 10). 

In our first report in 1979 (9) 18 out of 24 patients suspected to have N[ 

were shown to have antibodies to the I<HF virus, in 50% with a significdnt Lit:ec 

rise. In a recent study of 105 similar patients Niklasson and coworkers (ll) 

found 62% to have I<HF antibodies, or 71% of patients from known endemic ared!:i 

versus only 33% of those from non-endemic regions. All seropositive patients 

h~d visited endemic areas before getting ill, however. The healthy adult popu

lation of 4 selected endemic areas was seropositive to a much lower extent, 5% 

of males and 3% of females. Frirnan and coworkers (12), like Lee et al. in their 

study of Finnish patients (10), were allle to confirm all their clinical diagnoses 

of N[ by KHF serology. Apparently their criteria for selection of patients were 

more strict. It seems obvious, anyway, that the clinical diagnoses of NE, i.n 
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endemic. areas. may be con!;idered reli.Jble enough to validate most of the con

clusions drawn from clinical materials before serological tests were available. 

Nystrom in 1977 thus pul)lislted an extensive epidemiological study based on 

the hospital records of a single endemic county in Nortl1ern Sweden (4). By clini

cal criteria considered to be discriminative for NE he found 267 cases witl1in a 

period of 15 years in a mean population of 235 OOO,or 8 cases per 100 000 

inhibitants and year as a mean. The disease was diagnosed almost 4 times as often 

in males than in women, with a maximum in the age group 30-39; only about 3% 

were children. Niklasson et al. last year found a sex and age distribution among 

their serologically confirmed cases that was essentially similar (11). Nystrom 

also found that the incidence rate of the disease was higher in rural than in 

urban or semiurban areas and, furthermore, that the incidence varied over a 3 

year cycle, concurrently with variations in the prevalence of small rodents. 

Brummer et al. showed in 1980 (13) that the bank vole, Clethrionomys glareolus, 

is a reservoir of the NE agent in Finland, and they have been able to pass the 

virus in this natural host, although only irregularly. There are no reports as 

yet about a successful establishment of the Scandinavian agent .in either labora

tory animals or in tissue culture, although several groups (ours included) have 

made extensive attempts. 

We have used IF technique to test for NE virus antigen in the lungs of bank 

voles co~lected in the endemic area of Ume~ in northern Sweden (14). Only 3 

animals were positive of the 46 so far tested, or 7%. Niklasson et al. (15) found 

a similar 10% seropositi ves among 80 speci1nens collected from another endemic 

region just south of the 60th parallel. 

The availability of NE antigen in Clethrionomys lungs and of KHF a11tigen in 

lungs of infected Apodernus agrarius coreae or nude mice or A-549 cells has enabled 

our group to study seropositive sera from various parts of the world simultaneously 

against the two viruses, using the indirect IF technique (16, 17). The serological 

pattern of the sera from European patients with the benign form of HFHS differed 

distinctly from th~t of sera from East Asian HFRS patients. The European sera gave 

strong cross-reactions with the KHF antigen although they had somewhat higher 

titers against the NE antigen. The East Asian sera, on the other hand, all had 

much higher titers against the KHF antigen than against the NE antigen. Occasional 

sera with KHF antibody from regions of the world where HFRS is not known to 

occur reacted like the East Asian rather than the European patients •. 
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CLINICAL PIC'I'UH.ES AND DIAGNOSIS 

Clwnq-Hwee Chun, M.D. 
Dnpartmc;:n t of Internal Medicine 
Inju i"'c!dical College,· Pusan, 
1\epubl Lc of Korea 

CLINICAL MANIFESTATION AND COURSE 

The disease can be divided into five phases (febrile, hypo~ 

tensive, oliguric, diuretic and convalescent);according to its 

characteristic: clinical, laboratory and pathophysiological 

features. Although some patients may present with overlapping 

phases. 

About 20-30% of patients exhibit severe courses of shock, 

serious hemorrhage and/or marked electrolyte imbalance while 

30~40%- of patien~s have mild courses. (50-60% exhi~{~ a moderate 

course) 

KHF: KOREAN HAEMORRHAGIC FEVER 

1. Febrile Phase 

The febrile phase usually lasts 3 to 8 days with sudden 

onset of high fever to 40°C, chills, general malaise, weakness 

and generalized myalgia. This may be followed by severe anoxeria, 

dizziness, headache and eyeball pain. The extensive retroperi-

toneal or peritoneal oedema resulting from extravasation of plasma 

due to increased capillary permeability is responsible for the 

severe abdominal and back pain and tenderness of the renal area. 

The characteristic findings of KHF, which are flushing over the 
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face, neck and anterior chest and injection of the eyes, palate 

and pharynx, also occur in the febrile phase. Toward the end of 

this phase conjunctival haemorrhage occurs, and fine pet.echiae 

are observed in the axillary folds, face, neck, soft palate and 

anterior chest wall. 

Generally, certain clinical features appear to correlate 

closely with the prognosis and the severity of the disease. These 

include the degree of facial flushing, fever and conjunctival 

haemorrhage, the duration of fever, .!:~.~ number and degree of 

petechiae, and the presence of facial petechiae. The white blood 

count can be either normal or elevated. During the febrile phase, 

the ,,_urine may contain a small amount of albumin, which then 

increases abruptly in the late period, becoming massive proteinuria 

in the majority of cases. 

2. Hypotensive Phase 

The hypotensive phase develops abruptly and can last from 

several hours to 3 days·. The classical signs of shock can be 

noted, including tachycardia, narrowed pulse pressure, hypotension, 

cold and clammy skin, and dulled sensoriw11, even confusion. In 

mild cases, the blood pressure returns to normal some hours later, 

but in severe fonm3 of KHF hypotension manifests as a clinical 

shock and one-third of deaths are associated with irreversible 

shock in this stage. In moderate cases, recovery usually occurs 

within l to 3 days if prompt and effective treatment is given. 

The decrease in cardiac output (hypotention or shock) , which 

constitutes the basis for the hypotensive phase of Haemorrhagic 

~ Fever, is attributable to decreased effective ci~~ul_at~blood 

volu!fie because of cap_~}l.ary _l._eakag5: ___ ~pl~:?,m~ and dilatation of 

capilla~nd venular .. ..!:.)eds. The clinical symptoms of the febrile 
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phase f:n:~quently persist in aggravated form into the hypotensive 

phase, and thirst, rer;tlessness, or eyen coma also develop 

occasionally. Laboratory data show marked proteinuria, mild 

haematuria and a falling urinary specific gravity. An increase 

in haematocrit and a leukaemoid reaction is found and the number 

of platelets decreases. Capillary haemorrhages are most prominent 

at this time. Oliguria may appear during the late shock phase, 

and then blood urea and creatinine begin to rise. 

The thrombocytopenia has been regarded to disseminated intra-

and the second stages of coagulation, hypofibrinogenemia, and 

accumulation of fibrinogen degradation products. 

3. Qliguric Phase 

The oliguric phase usually last~ from 3 to 7 days. Blood 

pressure begins to return to normal, but many patients (up to 

60%) become hypertensive due to their relative hypervolaemic 

state. Patients have more severe nausea and vomiti~g associated 

with persistent oliguria, but facial flushing and petechiae begin 

to return to normal. 

The bleeding tendency becomes more marked, and various 

combinations of epistaxis, conjunctival haemorrhage, cerebral 

haemorrhage, GI bleeding and extensive purpura are shown by about 

one-third of patients. 

The presentLng picture is usually that of an ol~_guric patient 

with a rising concentration of blood urea and creatinine. Hyper-

kalaemia, hyponatraemia and hypocalcaemia may also be present and 
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metabolic acidosis is occasionally seen. Central nervous system 

symptoms and pulmonary oedema occur i~severe cases. About 50% 

of the fatal cases occur during the oliguria phase. 

4. Diuretic Phase 

With the onset of the diuretic phase, lasting for days or 

weeks, clinical recovery is initiated, but diuresis may be delayed 

in some patients due to dehydration, electrolyte irr~alance or 

infection. Brisk diuresis of .low specific gravidity of urine 

occurs and this may be due to further residual tubular damages and 

diminished tubular reabsorbtion. 

A diuresis of 3 to 6 litres daily is the rule. Pitressin 

and fluid restriction have little or no effect on diuresis. 

The daily urine volume and the duration of the diuretic phase are 

influenced greatly by the severity of the disease. 

5. Convalescent Phase 

The convalescent phase takes 2 to 3 months and, while mild 

anaemia may persist, recoyery is the rule. 'I'his phase is· charac-

terized by a progressive recovery of the glomerular filtration rate, 

renal blood flow and urinary concentration ability up to 70% of 

normal status within 3 months of the illness. 

CLINICAL DIAGNOSIS 

There is no special clinical test for confirming the 

Haemorrhagia Fever, but it might be very helpful and necessary 

for performing diagnosis of this particular disease that physicians 

intepret the abnormal laboratory data putting the changes of 

urine, CBC, serWTI electrolytes and blood chern:i.. s try together with 

clinical pictures. 
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The clinical impression is to be established on epidemiological 

and clinical grounds by clinician, and thereafter the diagnosis 

will be confirmed by specific serological diagnosis which is made 

by demonstrating the increase of specific immunofluorescent anti

bodies against KHF virus in sera collected twice during the course 

of the illness at an interval of 1 week. Immunofluorescent anti

bodies appear during the first week of symptoms, reach a peak at 

the end of the second week and persist as long as 36 years. 

For the diagnosis of Haemorrhagic Fever, every signs and 

symptoms are not pathognomonic. But I can -presume that 

clinical impression is not so difficult, when a physician interprets 

the general pictures including every sysmptoms, signs and lab-data 

synthetically with Haemorrhagic Fever in his mind. 

A history of exposure in an endemic area, particularly during 

an epidemic season (late autumn) and appearance of fever, abdominal 

pain and severe retching, marked proteinuria, flush, shock hemor

rhagic diathesis, pulmonary oedema, ~ssociated with leukemoid 

leukocytosis, thrombocytopenia, hemoconcentration and azothemia 

are virtually diagnostic. In our study, clinically impressed KHF 

cases (65 cases) revealed 98% of sero-positive. Abortive or 

clinical cases are not rate on performing the specific serological 

test. 

Differential diagnosis should be considered with the following 

diseases in Korea. Namely, Hemorrhagic Scarlet Fever, Henoch

Schoenlein's Purpura, Hemorrhagic Glomerulonephritis, Septicemia,, 

Endocarditis, Heatstroke, Disseminated Intravascular Coagulation 

(DIC), Acute renal failure (other causes) . 
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* Etiologic~} Studies of Epidemic Hemorrhagic Fever 

Song Can 

(Institute of Virology, Chinese Academy of Medical 

Sciences, Beijing) 

Rapid progress was achieved since the success!~~ isolation 

of Korean hemorrhagic fever (KHF) virus by Lee et al in 

1978(1), but after that, no further report of successful 

isolation of the~related virus in countries other than Korea. 

~e have attempted to isolate EHF virus in China in 

recent years, using methods similar to those used by Lee 

et al(l}. Several strains of stably transmissible EHF 

related agent were isolated from the lung tissues of 

Apodemus mice captured in EHF endemic area by carrying 

out passages in Apodemus agrarius from a non-endemic area. 

'IWo strains of the isolates were duely identified as the 

specific causative agent of EHF(2}. 

From March to July 19~1, outbreaks of a mild type of 

hemorrhagic fever with some peculiar epidemiological 

features occurred in certain districts of Shamti and 

Henan provihces. Preliminary studies of the patients' 

sera and lung tissues of house rats (Rattus norvegicus) 

captured from the patients' homes, showed that the causative 

agent is antigenically closely related to EHF virus, and 

Rattus norvegicus might be the major reservior host 

involved (3). 

I. Virus isolation and characterization: 

1. 1~o strains of EHF related agent (Al and A5) isolated 

from lung tissues of Apodemus agravius were fully tested • 

• 1 • 



Positive immunofluorescence were found in the lung tissues 

of more than half of :i.noculated animals at each passage. 

1050 of the two strains in their 4th and 6th passages were 

s.J2, 6.00 and 4-24, 5.32/0.Sml respectively. Immunofluores

cence was observed as fine granules in cytoplasm of many 

alveolar epithelial cells. Normal sera and lung sections 

from non-infected animals were consistently negative. 

2. Antigenic characterization: 

(1) 101 convalescent ~era of EHF patients from various 

endemic areas tested with the lung antigen of A1 or A5 

agent ~nfected animals, 96% gave positive immunofluo

rescence, 79 normal human sera (non-endemic area) and 

96 dera of patients suffering from other diseases 

(febrile, hemorrhagic, and nephropathic, etc) were 

all negative. 

(2) Paired sera, 18 out of 20 patients showed 4 fold 

or more rise of antibody titers, more than so% of 

the acute sera were positive ( 1:40), and some 

convalescent sera attained as high a titer as 1:10,240. 

(3) Antibody reactions of EHF patients' sera with KHF 

antigen and our EHF antigen were compared closely 

similar results were obtained. Blocking test with 

KHF rat antiserum also showed a close relationship 

between KHF and EHF antigens. 

(4) Blind tests conducted with coded sera of EHF 

patients and normal persons had given quite similar 

and concerted results in three tests. ~oo% agreement 

of negative and positive results was obtained and the 

antibody titers were generally comparable to those 

obtained in previous tests. 

(5) Control tests with antisera against reovirus type!, 

and two strains of a reovirus-like agent (orbi~irus ?) 

newly isolated from the lung tissues of Apodemus 

. 2. 



agrarius in China, and antisera against adenovirus. 

type 3 and type 7 gave negative re.sults. Tests with 

antisera against murine typhus fever and icterohemorr

hagic type of leptospirosis also gave negative results. 

Blocking te~t with polyvalent antisera of reovirus 

types 1-3 gave completely negative result. 
The above results demonstrated that our isolates 

are apparently the specific causative agent of EHF. 

II. Etiological studies of outbreaks of a mild type of 

hemorrhagic fever in Shanxi and Henan pro.v:inces. 

1. Etiologic diagnosis of the outbreaks 

(1) 153 Convalescent sera of patients were tested with 

EHF antigen (lung tissue antigen of Apodemus mice 

infected with the new isolates (A1 or A5 strain), 115 

showed positive immunofluorescence (75%). sera of 23 

hospitalized patients from Luoyang city of Henan 

province gave 100% positive results. 

(2) Paired sera from 11 patients showed 4 fold or 

more rise in antibody titers, but the antibody titers 

of their convalescent sera were rather lower than those 

of EHF patients, somewhat similar to those of patients 

of Scandinavian epidemic nephropathy tested with KHF 

antigen (4). These serological evidences indicated 

that the causative agent of this mild type of hemorr

hegic fever is antigenically closely related to, if 

not identical, to the EHF agent. 

2. Detection of EHF related antigen in lung tissues of 

house rats (Rattus norvegicus) captured in patients 

homes, using EHF convalescent sera. 6 out of 46 house 

rats from Luoyang district (1J.O%) and 5 out of 44 
house rats from Yencheng district (11.0%) showed 

positive results. Comparative study was made of the 

antigenic relationship between FHF antigen (lung sections 

of infected Apodemus ayrarius) and EHF related antigen 

. 3. 



(lung sections of house rat~with both EHF convalescent 

sera and sera of the mild type o~ hemorrhagic fever, 

no significant differerce could be found between 

antibody reactions of EHF antigen and EHF related antigen 

fcom rats. 

These evidences suggested strongly that Rattus norvegicus 

might be the main reservoir host of the mild disease. 

Epidemiological features of this disease (such as seasonal 

distribution of csses, age and sex incidence, etc.) 

suggest household transmission of the disease, and there 

was often a history of frequent contacts of patients 

with house rats (5}. These facts coincide with the 

rather high rate of EHF related antigen found in lung 

tissue sections of house rats. 
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Yutu Jiang 

wllel, rn.i 1 i L,:cy :_;uq;,cons of the ,Jupht!Cr>t~ occupationtll forces ill those 

ilrcHc; :rcportc..:l the occurrence of llernorrhztgic fever-lil'e di.'leaseG i.n l>otL 

their Gt)}d:it~l'l3 HDci the local people. 'J'hey \ICl'e lWIIlt~d 11 SUHWU fever 11
1 

"~rdao<~<tO fcvcr 1', etc after the name~; of the tu\Ult> or villE<t~;es where the 

d L ; c: iJ. s e "' a s r e p o r t e 0. • 'l' h e r e had be e n no r c p o r t :::> o f L h i ~> d :i s en L e in o t h c r· 

r,: .. ,rL:> of the country. Since 19~>:;, ::;iHJiLn:r hemolTlu;gic fever-like cases 

tw.ve \.of!en repeatedly reported in variou~; parl~s of the country. At the 

tinll: whcr, I wrote the paper pub1i<3hed iu the Chine~;e Medical Journal 

ill 1')b0 , tilL:r<: wcr0 fifte(:n provinceo where the I;HFR::> cnses were 

r 1.: p o c L •.: d ( i' a b 1 u 'I ) • 

From 'l'uble ·1 it can be :Jecn th<1t the t1nnual :incideHce rute varie<.> 

bet\·lt:en U.03 in Fujian und ·J;:.<JFViOO 000 populutiun in Heilongjiang 

und the case fatality rate VHries lJi'tween 5.'54% in fleilongjiang and 

1 n L i a o n i n g • '1' h e h i ~~ h c a. ~i e fa i.: a l i t y r a t '" i n L i a o n i n t, nw y p r o ·-

bably he d1!t! to the under-reporting in the Notification I.1y:;tem in that 

province. 

,Jic;C<ICC h<:d been report<=d. Formerly the I:'.:HYHS was limited in the naturol 

f o c i j n L h e m o u n t a i n o u :; r e g 1 o n r; o r i n t h ;_~ r u r n 1 a r e a ::> • A t p r e f.l e n t , t h e r e 

ill'C a few cities havin£~ reported thi:'; dl:;ease. In 19KO, there were 

)0 l16L; cases with 1960 deaths reported from 23 provinces or region:c; anci 

the overall unnual incidence ro.te was .).13 per 100 000 and the C<HH.> 

L.:i Ld i ty rate v;as G • 1f3ib. 

So far 
1 

there have been no report of b\lli'f<L> or only few reports fnJlll 

the followin 1 ~ provinces or regio,H;: Gua;1gdong, Guungxi, C~ingh~.1i, Gunt.:>u, 

Ningxia, Yunnan, 'I'ibet, Xinjiang, Shanxi, Hcbd., Tiunjir", and beijing, 

a.:; well <H> Tr1iwan. 'l'he number of caset> and d.::athl:l between '19?~) and 19tl0 

available in some of the provinceb is listed in Tables 2 & 3. 
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From 'l' a b l e :-; lt and 5 1 :i. t rn u y be no t e d t h e h :i. g he s t a t tuck rat e is in t h e 

rno.ler; and in the age group:> of ?0 to 39 ycv.rs. 

'l'he seasonal variatiou of the disease h<n> b:een of two types: in one type, 

t here are two p e alu: e a c h y c n r 1 t h u f i r f; t o c c u r s in Apr i l or May and the 

I'.>econd from October to Dcct~rnlJer where<•<> ln anotber type, only one peak 

occurs at the end of each year. (table G) 

Factors influencing the incidence appear to be (1) the density of the 

rodents, especially the Apodemus density (Tables 7 & 8). (2) The number 

of rodents killed during deratization also influence the occurence of 

the disease but inversely ('l'able 9).(3) Tbe area of rice cultivation seems 

to affect the incidence of the dise<u;e, i.e. the more widespread the 

rice paddy fields the higher the incidence of this disease. (Table 10 & 

11). 

U.::;ine; thv KIH' antigen on cell line A-51f9t kindly provided by Drs. Eddy 

nnd French v.1c have tested the Gcrum sampleG of the [l<-d.ients frorn Lioo 

n:i.ng,1 Heilongjiang, Hubei, Jiangsu, Sh<:>.nv,hai, Anhui, Sichuan, ·Hebei and 

'l'ianjin and nearly all the :;era of the J.Hit:i.entc.~ were found to be pobitive 

vihi1e those of the norrnul perbons and of the patients of othex' diseaset> 

were shown to be negative. 

Tl1e most effective measure of control of this disease is deratizution. 

The experience of the Chengxihu fi:\rrn in Anhui can be summarized in 

Table::; 12 • 
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Df>rntiz.Ht:i.on men \lr'f':l in CIH:nf~xihlt Farm, Anhu.i, China 

I. Methnd nnd Materinl 

Poicwnnong with sodium fluoror~c<·tnL0 ('1Q()Q) 

zinc phor:phidP 

warfarin 

Killing of the rodentG in their holes by inserting smoke-crackers 

into one of thP openin~s while the other openings arc 

closed with earth, one piece for each hole. 

The formula of the smoke-crncker: 

( 1) Sawdust 50%, Ammonium nitrate ')0%; 25 r,m/piece. 

(2) DDT or BHC 20% ,and s;n,rdust cUld ammonium nirate ItO% each, 

15 gm/piece 

I 1 • E; x p e r i e n c e s 

1. Raise the standard of the environmental sanitation, especially 

cut down the sources of the rodent food supply. 

2. Killing of rodents in large area of the field, mainly by 

smoke-crackers, supplemented by poi~oning. Large area at least, 

once every year. Sometimes, once every 6 months. 

3. Use different poisons alternatedly to avoid poison-resistance 

of the animnls. 

1+. The mostfavornb.le time of deratization is vlinter time, when 

the food supply of the animals is low 

- 3 



Table l. EHFRS incidence in 14 provinces and Shanghai 

Year of Years of occur-

Provinces 
first renee o: reported cases Inciden~e r~te 

EHF report cases (/100,000) 

Heilo:1gjiang 1935 1972-76 9313 ,- Q."-
) • 'v' ';i 

Jilin 1955 1972-76 r::;-1'77, 
J ' ( ./ 4.30 

Liaor.ing 1955 1972-76 425 0.23 

Shaa xi 1955 1972-77 7726 , "Y L+,.ou 

Rube:_ 1 955 1972-75 23189 12.98 

An::u.~ i (~:;'7 
,/_.,..'I 1973-?(1 ;+ 322 2 .. 08 

~· ai 1957 i9?2-77 756 l .. l6 .r:::- ;::;nac . 

Sic \:.::an l953 1972-76 2386 0.50 

0 l3 [ii'_·"' su 1960 1972-76 5 3c:.~ 1 • ()CJ 

v iane-;x i 1961 1 17? 2-76 Or""O u::;>;u 5.95 
Gu i z:r~ou 1')62 1972-76 303 :) . 23 

Zhejiang 19(3 1 ('•']-. ,., ,....., 
•'Jrc-1( ztr98 !. Ai 4 

fl'..lna.r, 1963 Oct/~\ 1-Seot/1q·!6 
• ' I 

1>399 1. 7Lt 

Fujian 1972 1972-76 3·3 () .. 03 

Sha::do ns '1973 '1 973--·:-:? 7~~ 

[)) 0.21 

v 

Deaths 

516 

L, 38 

79 

998 

2315 

327 

79 

272 
"~ ";( .--7_.; 

i002 

:ZQ 
.// 

11+2 

4 !t() 

No data 

'106 

Fatality 
r3.te % 

5.54 
2- ... :+ 6 

~2~59 

.~ .. )2 

......., .::::, 
•/ 

;(.. .... -T) 

i ; ... ~~o 

' /-b .. -:J:,_) 

'"11 .. !6 

12~37 

5. 6-3 

10 .. CO 

14.42 



P rov inc ('G 

( Hep,ions) 

Guizhou 

Ji<1ngm1 

Jiangxi 

llubrd 

5 h(liUlXi 

Slwnghai 

[)ichunn 

No. or count:\r, // 

or ciLi~>l> w;:,:ith / 'l'oL.!·d· No. 
I~l!F'HS of counties 

or cilien 

~)0/ 83 
118/()11 

.51/98 

Ec./79 )/ ' . 

39/.58 

10/10 

93/·1gl.j 

No. of 

)099 

10??3 

1036:5 

y;811 

32?Lt 

195 

15?1 

F\n t f~ 

(/100,000) 

1. 95 
:,1.11 .. 

5. 1•9 

8.9:~' 

2°.59 

1.7? 

1.59 

----··---·- _,_~--·-----------·--

~ Prr 100,000 populntion of affected aren. 

No. of 

Denthr; 

16() 

:3?3 

331 

281 

1) 

1 /-+9 

Table 11. Difference betv1een the Incidence Hate of J·:l!F'IIS in nwle:-; c-tnd 

females~ Lantian, Shaanxi 

·-----------------------------
Mn1e 

Year 

Pop. ~~ 0. car~ P s Hate Pop. no. cnr;cs Hnt:P 

< · I r· 
_). l) 

_5.09 

(\. 31 

8. '57 

6.('/ 

~·- 80 

Chno, 000) (/100. 000) 
---~-- ------

1975 261369 /10 15 .y) 2511?3 16 6. ::,7 

19?6 2652c' 1 /19 18 .I, g ?5j210 13 5. '15 

1977 26?186 33 12 .. 5) 257008 ;:: O.?g 

1978 270191 9 3-33 25B597 !I 1. 55 

1979 2?1121 137 5C). ~) 3 2598?0 38 1/1.62 

1980 2719?8 568 209.5 11 261231 327 125.28 
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Age gcoup N o • c :..\ ~ ; c '; l nc id i'llC: e l<il L e/ ·toO, 0\)0 

() - It (). ()l 

c ·- ;j (l 0.03 _) 

1 ) 1__, - 1 it ?E\ o. '1? 

15 - '19 111t ().it? 

?0 - ?'l it c 1~,1 1 • lt ~~ 

-· ~59 ltU() '1 .;;b 
J (., Lt 9 :'\?'_") 1 • 31 't\) -

- Cj q ?1? 0.25 

?-:· (;;) '?1 u. L; 1 

------···----------------------·--·~--~------------------

Tablt• C. Sensonal Variation of Den.·.ity oi' i>f•.,dc-mu.:; t<icc anj Nwr;Ler 

Honth 

,j :n: 

F (' tl 

Hu.c 

Apr 

l·'ay 
) 

d un 

Jul 

Aur; 

;jep 

Oct 

Nov 

Dec 

1 'I Jan 

Feb 

Hunun (Aur;u Ccl\;nty) 

~~ 0 u c c d e lH> i t y ;~: c r 
1UO trap eLy 

l\o.uf 1.' ,. , , , .. , den bit v .. o ..-. 
,,_;{_<I_,_) c .., jJ <..:. ,._ 

100 trap day 
·------------------------

I .01 '1 I 'I 

1; . 9CJ ~'0 

. ~< . 1 (; ?3 

1? .9 1 ~; 

') J. . • I 
;_+ 

10 • '? 9 

'1 () • '? 1 'r' 

1 1 . lj li ~) 

13.8 ? '1 '/ 

13. 5 ~? :5C 
') . (, I (' ,) 9 I ,) 

1 . ?9 3? 
-----· 

- 6 -

·; -; :) ,/ . 
~ ') . 9 

2 ~) .. 5 
.-) ~) 

L ( .., 1 

'\ 1 .. () 

?0. ? 

1G.cJ· 

1'? .0 
·z r] Q 
.,.) { . ,_; 

' /" 0 1 t t; • U 

'59. 3 
r . "' 

1() 

'")') 
<:. c'. 

19 

12 

129 

1 I' L; 

---------------



Yc:r 
ho. mice/'1()0 tr<tp dny 

.. 1 <.J'/ -~) lj . '/() 
1C)'{'6 11+. od 

1()'1'/ 13. '16 

19'/8 '10.80 

1 ')'/ ') 15. 

incidence Hate 
(/ 'j()() I()(\()) 

'I . Sll1 

10.0/ 

1 1+. G 1 

3. '! ~) 

?.91 

'l':,bJ e '' Den~;i ty of ;,pod emus !v!icc and Incidt~nce of EHF1U) in SichLw!l 

•1 
I 

\' 

'·' 

~~ ept 

Apr:il 

:>ept 

i\ p 1' i. l 

;; ept 

' . 1\ pr 1 l 

!) e p t 

/\pri l 

:.>ept 

A pod c: m u :; Ll '' n ~; i t y 
(/100 t1'ilfl day) 

16. ~~) 

:'· • . 5 

'/. 1 

'I . '/ 
'1 1 .o 
0.'/ 

1 !1 . 1 

0.? 
'1 ~) • 7 

j 

(/'IOU, U\)0) 

b .. ? 

().C) 

6. 1 

0 l.• 

1 .( 

0.6 

').0 

1 • .3 

1?. t:: 
/ 

------------------ ·------·-.------------------·---------··---------------·-------·-----
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'l'<tble 9. Dccntizid.ion nnd Jncidonce q.f EHFHS in Sanlin commune, 
~;lw.nghai 

Y c ~-~ r N o • o r l\ u ct c n L; k i 1 l r! d J'lo. of C<H3CG ________ , ______________________________________________ -----

'1 ~ ?C·1')Sl -~ 

'19'!6 ?9596 5 

1 <J?'? 18988 2 

19?B 606? r') 
I 

1979 ltl.f 31 It 

., 'J(\0 1118 '12 

----

Table ·1u. Helution::;hip bl:tween variutu3 Farrn Products cultivuted 

Lant:ian, Shaanxi 

1-'redominent Hice-cultiv<.ttion communeG Others commune<.; 

Area of 
r· i c e c u 1 t i v a -

t1on 

. Hate Area of No.co.::>e[; 
( /100,000) rice cult iva-

t ion 

Hate 
(/100,000) 

------------· -----------------------------
19'i" ? 1tOU9 it 1 '17. 6 5:-'J 1 It 15 6 • Ltl+ 

1 <)? (J ?it010 Lt2 1?.6? 50(;3 20 7. 1? 

1<)7'/ ?3997 28 11 .it 3 It Lt 1 '? '? 2 • 1+5 

1 ~· Y> 10 8 3.34 1+ :!o ·1 5 1. '/) 

'19?9 ;~31t1 G 1112 59. 19 38\)6 3~5 1 '1. 31• 

1 <j ,j (j ,·)/;()it Uso ?8).2? ao 1 <)0 tilt • ()? 

- 8 ·-
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'I'uble 11. Area of Hic(j pnddy 'field nnd Incidence of EHFHSin 

G;ntyu, J ianguu 1980 

------·---
llodent Den::->it:y Incidence 

~7(. of Hi c e f i.e 1 d No • t r<t p No. t1o u De 

/100 
}' 0 jJ. No. H<.~te 

out of total night Hodent 
arable land 

lt6 - 7') 

trapped 

') ') 
i' 

114 

trap night 

1 4 =·l7b. 

L, • f,B lJ 

~:.O?c 

crwes ( ·100 1 000) 

1966118 ( ~) _lc 

lt?lt ~;')It ;~)'I :,?.d<)e 

'711i37 '16 

[i v b b 
b VG C 

p-<.0.01 
p<O.O'' 

d I e I f I X 2;?.(/,Q 

d f -- 2 p < (). ()()1 

'L':tble 1?. The Ch:ntt;e of Hodcnt Dcn::;i t.y bcfur·c und after 1() Y<'ilrt; of 

Dcriltization 19'/0-1<Jg0., nod the Heduction of Incidence Hat.c0 

of EHFli0 in Cheni~xihu Farm in Anhui 

Daration 

l'rc:-deratization 196(; 

Early Dcr:.ti
:.ulion 

S u L :; c ~~ u l' n t 
ye11rc; of 
Deratization 

1')'?0 

Dec: 'ICJ'I·:;

Nov 1')'/'1 

Dec 'l ')'' ·1 -

Uov '1()'/;' 

19'/ ') 

l~odent Dcnc;ity 
per 100 trap days 

]It • ') t; 

?.0 

') -J ,. 

' . _;lJ 

1 .;,<) 

c; • ~;,g 
0. '1 () 

CJ .. 1! ".·) 

O.OG 

o.C? 
0. ?il 
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lncidci!CU of 
l:HFm>/ 100,000 

).9) 

?6. oo· 

2 ('. (j 'I 

·13. ;.~o 

'I • It[, 

il .08 

3.90 

OcC2 

0.31 

o.ci;~ 

0 

0 

() 
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HAEMOHRHAGIC Ji'EVEHS IN EUHOPB 

MIL01l'A GimSIKOV A 

Institute of Virology, Slovak Academy of Sciences, 

Bratislava, Czechoslovakia 

Surnrnary: 

Crimean - Congo haeraorrhagic fever epidemies (CCHF) 

were observc-1 in European parts of the Soviet Union and in 

Bulgaria. Antibodies to CCII&' were found in You.goslavia, Greece, 

Hungary a11d in France. 

The presence of Korean haerno:t'rhagi.c fever (KHF) was 

demonstrated in l~i:nland and in Sweeden. 

Haemorrhagic fever of u.nknovrn origin was observed in 

Yugoslavia. 

Crimean haemorrl~~£J:.£ fever ( CCH .. P) virus 

The term haemorrhagia fever was first employed by 

Soviet and Japanese ir1vestiga tors to described a disease of 

probably viral aethio1og;y, which was recognized in :Nitu.lChuria 

and Siberia in 1930. The disease was first recognized in 

1944-1945 when over 200 cases of acute febrile disease vii th 

haemorrhagic syndrome occured in the Crimea ( Clmmakov, ·1 948) .. 

The fatality rates ranged from 2 to 15 per cent. Most of the 

cases had a history of bite by Hyalomma marginatum Koch 

( syn. Hyalomma plurnbeum plmnbeum) .. ~!he disease occured in the 

Crimec:1, 1<.1..-=t.zakhstan, lovrer Don~ Vo1ga river valleys and 

Uzbekistan. Clinically, Uzbekistan feve1' was described as more 



severe with a higher mortality rate (Smorodincev, 1944), but 

the evidence of thcdr aetb.iological identj_ty v:-as obtained 

( Chumakov et Etl., '1969) • 'l'he disease was recognized also ·in 
-

Bulgaria (Mi tov and Dimov, 1962; .!l1aksov et al., 1961) and 

Yugoslavia (Henne berg et al .. , 196·1; Henne berg and Morelj, 

1965). Antibodies to CCHP were :fotmd in Greece, Hungary and 

Prance. 

CCB.F strains were isola ted from the blood of patients 

and from Hyalomma plumbeurn ticks (Chumakov et al., 1969). 'l1he 

CCHF virus (Drozdov strain) have been fot:w similar, almost 

indistin&,--uisha bl e from Congo virus (Simpson et al., 1967; 

Casals, 1969). 

CCHP occurs in the U.S.S.R. (Crimea, lower Don and 

Volga. river valleys, Kazakhstan and Uzbekistan) and Central 

and Southern Europe (Bungary,Yugoslavia, Bulgaria). About 

2 000 cases of CCHF were recorded in the last 25 years in the 

U.s .s .H. and about 800 cases in Bulgacia since '1950 ( Chumakov 

et al., 1969). 

Hyalomma marginaturn (syn .. H. plumbeurn plu.mbeum)ticks 

are considered to be the vector of CCHli'. CCHF virus strains 

were isolated from these ticks collected ~l the U.S.S.R. and 

Bulgaria (Chwnakov et al .. , 1969). 'l1he larvae ar1d nymphs of' 

H. margina hun are feeding on a large variety of small marnmals 

and groun- feeding birds. 

Several tick species in the palearctic, oriental and 

Ethiopian regions have been proved epidemiologically as 

possible vectors of CCBF and Congo viruses. 



1l'he ba:d.c ho::rt of irmnature stageB of H. plumbeum 

plumbemn is Lepus europaeus (Birulya and Zaluckaya, 1968). 

Potential hosts may be hedgehogs, on vvhich large amounts of 

larvae and ny1nphs of H. plu.rnbeurii have been found. The virolo-

gical examination of birds as hosts of CCHF fever should 

be carried out to determine the role of migrating birds in 

the transportation of CCHi to Europe, Asia and Africa. 

Adults H. marginatmn f'e.ed on large domestic and wild 

animals (dear, gazelle, wild sheep and goats). Antibodies 

to CCHF virus were found in horses, COVIS, sheeps, hares, 

sousliks in natural foci in the U.S.S.R. and Bulgaria (Chumakov 

et al., 1969) • 

Korean haemorrhEF"ic fever. --.. - • • • "' Q,:, ____ _ 

Epidemics of Korec.m ha emorrhagic fever was recognized 

for the f:i.rst time among the 1:1oldiers of the U:ni ted l'Ja tion s 

in Korea. The disease was observed in Manchu:cia, in Soviet 

Union (nephroso - nephritis) and in Northern Scandinavia 

(nephropa thia epidemica) • 

Many attempts have been made to isolate ethiologic 

agent of KIIF. In 1976, Lee and Lee demonstrated an a11tigen in 

the lungs of Apodernus ag:rarius, that gave irrummofluorescent 

reactions wlth the sera from patients with clinical diagno~:lis 

of KHI!'. 

Epidemiologically it was found that the disease was 

acquired through the contact wit small rodents and/or with 

their exc:t:·eta and ec topa.rasi tes. 
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It has been demonstrated that the sera from patients 

vli th clinical diafr,nosis of neph:r::opathia epidemica (NE) in 

Sweeden (Svedmyr et al., 1979) and in l11inland (Brununer -

Korvenkontio et al., 1980) showed cross- reactivity with 

the Klli1 antigen. r..L1his antigen could be obtained also from 

the lungs of Clethrionomys gl.areolus, trapped from epidemic 

area of NE in Finland. 

The KHF research programs should be concentrated on 

. the characterization of etiologic agent of KHF a.nd on the 

specificity of the immunofluorescent techniques. 

In 1967, an outbreak of haemorrhagic :fever (Hlil) 

occured in Bosnia-· Hercegovina. P.rom ,Jul;y· to September 1967, 

in the Sarajevo region, 114 patients became ill. 'l'he diap;nosis 

of HP was established on the ground of the clinical pattern, 

epidemiological data and post- mortem findings on two 

patients who died. The outbreak was preceded by a high 

population density of small rodents had not been observed for 

more than 20 years. lVIainly foresters got affected ( Gaon et al., 

1968) • 1rhe epidemic occured in September, when there was 

a sudden decrease of small rodents. 

1ne principal clinical symptoms were fever, ha.emorrha

gic synd-ome and renal symptoms .. ~~he course of the disease 

appeared in three phases: the febrile phase, thertiase of 

pronounced haemorrhagic and renal symptoms, and the phase 

of convalescence. The mortality rate was 2.5%(Teftedarija 

et al., 1968). 



Pathologico- anatomical findings: 

In two patient~1 with JiF, the following pathologico-

anatomical picture was deGcr:Lbed: circulatory disturbance, 

in general the micro- circulation of the blood; degenerative 

lesions of cells in parenchymal organs, focal necrosj.s, sup-

posed to be caused by vascular changes. The findings of 

circulatory disturbance, in edition to thrombosis of the 

blood vessels in organs, were the dominant picture. Serious 

meningitis in one patient, myocarditis, splenitis and 

lymphadenitis in both patients were probably pro<;luced by 

the causative agents itself (Gmaz- Nikulin et al., 1968). 

Serological tests: 

A serological survey on patients'sera from Bosna 

was carried out with differ·ent arbovirus antigens causing 

haemorrhagia fever. Of group A arboviruses, Chikungunya virus, 

and of group B arboviruses, ~nsk haemorrhagia fever, KFD 

and dengue viruses were used .. In adition, TBE virus, \vhich 

is knovm to be present in Yugoslavia, was employed. 

Seventy- three pa:Lred and 46 indiv:Ldual sera were 

collected from Barch to August in Sarajevo hospital from 

patients suffering from Bosnian haemorrhagia fever. All 

paired sera were tested for HI antibodies. No antibodies 

v1ere found to Chiklmgunya virus (A group of arboviruses) • 

Of group B arboviruses, an t:ibodies were found to Omsk 

hamnorrhagic fever in 4. per cent of the sera, but no antibody 

rise to this antigen was folmd. No antibodies to dengue 
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and KJ:.'D viruses were detected in repeated HI tests • .Antibodies 

v..rere found to 1'BE vi.rus i.n 3 per: cent of the se.ra tested; 

in one case an antibody rise from 640 to 1 280 was found. 

H.esults of the HI tests based on 46 individual 

pa ti en ts "sera shovred that no antibodies were found to 

Chikungunya virus. Of group B arboviruses, ar1tibodies were 

found to dengue viruses in 2 per cent of the sera and to 

Omsk haemorrhagic fever i.n 4 per cent of sera. No antibodies 

to KPD virus were detected. Ar1tibodies to TBE virus were 

found in 4 per cent of the sera. 

According to these results it was assumed that Bosnian 

haemorrhagi.c :fever was not caused by Chi.kungunya, dengue, KE'D 

and Omsk haernorrhagic fever viruses (Gresikova et al., 19613). 

rl'he negative results of HI tests with Chikungunya, 

dengue, Omsk haernorrhagic fever, KPD and 'l'BE viruses, lead 

to study the p:r :.:sence of antibodies to Congo vi:rus in paired 

patient sera .. 

Cl" anti bodies to Congo virus were :Eound in 12 .5 per cent 

of sera only. In all cases conversion from negativity to 

positivity was found in the .aecond serum sample. Antibody rise 

from negativity to 1:10 up to 1:80 was observed. 

~~hese results demonstrated that haemorrhagic feVE3r 

in Bosnia and Hercegovina could have been caused by a virus 

related to Congo - CH.i!' viruses and/ or the a gen't of Ko.rean 

haemorrhagic fever may be involved in the epidemic of 

haemorrhagic fever in Yugoslavia. 



Ifuemagglutinat{on~inhibiting antibodies in 73 paired (acute and 
convalescent ht:unan sera 

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

Group of 
arboviruses 

A 

Antigen 

Chikungt.mya 

Dengue I 

Dengue II 

Dengue III 

Omsk hn emorrha gic fever 

Kyasanur li'orest Dj_sease 

Tick-borne encephalitis 

HAI positivesx. 
Antibody rise 

Per cent. 

0 0 

0 0 

0 0 

0 0 

4 0 

0 0 

3 In 1 case from 

1 640-1280 

x Haernagglutination-inhibition (HAI) titres 1:20 or higher 
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H.ODEN'l'-BORNE VIRAL NEPHROPATHY 
(HEMORHHAGIC FEVEH. HI'I'H RENAL SYNDH.OME; · NEPHROPATHIA..,.EPlDENICA) 

"' 

by 

D. Carleton Gajdusek 

Hemorrhagic fever with renal syndrome (HFRS) and 

nephropathia epidemica (NE) are a potential world-wide 

problem, already proved to encompass most of the European 

land mass, and latent as an asymptomatic sylvatic infection 

of wild mice and rats in Japan and mainland East Asia, and 

in Scandinavia and the Balkan countries of Europe, respectively. 

We have speculated on the possibility of the infection being 

present in rodents in oU1er parts of the world where no HFRS or 

NE has been identified as a clinical syndrome in man. NE of 

Scandinavia is clinically milder than HFRS of East .Asia; 

it is usually sporadic and endemic, but occasionally it has 

been epidemic, as had been the case with HFRS in East-Asia. 

In Balkan countries (Hungary, Czechoslovakia, Romania, Bulgaria, 

Yugoslavia, Greece) the clinical syndrome has been recognized, 

and in Greece and Yugoslavia cases have been confirmed sero-

logically. 

The finding of infection in urban rats suggests that the 

infection has been exported throughout the world. Whether 

mild, sporadic NE-like disease with nephropathy has occurred 

in port cities throughout the world without the diagnosis 

being made is, of course, now a matter for our at.tention. In 

wide ~.:;ero1ogica1 screening of no.cmal populations and of febrile 
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patients with albuminuria from several countries where NE and HFRS 

has never been diagnosed, we have found a rare positive serum 

specimen in India, Iran, Central African Republic,Gabon, the Bolivian 

Amazonas and in Alaska. Furthermore we have found antibody 

·to HF'RS in wild Micr_9.t:~~ sp. collected from t.:he states of 

Maryland and California, in the United States of America. 

We now know that the NE virus from Cleithryonymus in 

Scandinavj_a is closely related serologically ·to the HFRS 

virus of Apodemus causing Korean hemorrhagic fever, but it is not 

identical. East Asian HFRS convalescent sera (from China, 

Japan, Korea and Far Eas·tern USSH) show a much lesser titer 

with the NE antigen in Cleithrynymus lung than with their 

homologus antigens from Apodemus lung. On the o·ther hand, 

sera from Scandinavian patients and from patients in European USSR 

titer only 2,4, or 8-fold lower with the Korean antigen than with 

the homologous NE antigen. 

Finally, Yugoslavian sera from febrile nephropathy patien·ts 

behave like the Scandinavian sera with both antigens. Some 

Yugoslavian sera, however, show titers as high with the Korean 

antigen as with the NE antigen. 

Thus, we have a variety of serotypes a~ well as virulence 

variants of the virus and the crucial question of whether there 

will be a high level or low level of cross irrununity once it is 

possible to do cross neutralization tests with the East Asian 

and European viruses. 

The disease has been sporadic in most cases in Europe and 

East Asia but epidemics have also been reported. Thus it has 



been called both epidemic and endemic hemorrhagic fever or 

rh;phropathy. Sincu thE~ rena 1 synd1romu with prott.:~inuria, 

azotemia, oliguria is almost always present, we have suggested 

"rodent-borne viral nephropathy"as the most general designation, 

and hope that it proves acceptable to the workers in various 

countries, where these rodent-borne Btmy.::unwera-li.ke viruses are 

causing mild or serious, hemorrhagic or non-hemorrhagic, 

epidemic or endemic, and rural, urban or laboratory nephropathy. 




