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SUMMARY
Puumala virus, belonging to the genus hantavirus, is the causative agent of nephropathia 
epidemica (NE), a relatively mild form of hemorrhagic fever with renal syndrome. Puumala 
virus occurs endemically in Central and Northern Europe and Western Russia. In Sweden, NE 
is reported from the northern and central parts but virtually not at all from the southern part of 
the country. The bank vole ( Clethrionomys glareolus) is the main reservoir of Puumala virus 
and humans are infected by inhalation of aerosolized animal secreta. In northern Sweden, the 
density of the bank vole population varies cyclically in intervals of 3-4 years and the incidence of 
NE shows a covariation.

The prevalence of serum antibodies to hantaviruses in northern Sweden was studied in a 
stratified and randomly selected adult population sample comprising 1538 subjects. As 
expected, the prevalence increased with age. There was no difference between men and women, 
which was unexpected based on a male:female ratio of > 2:1 in clinical reports. By use of an 
immunofiuorescent assay, a seroprevalence of 5.4% and by a newly developed enzyme-linked 
immunosorbent assay (ELISA) with recombinant Puumala virus nucleocapsid protein as 
antigen, a prevalence of 8.9% was recorded. This is about or more than ten times higher than 
what would be calculated from clinical reports.

By use of the ELISA, an occupational risk of acquisition of Puumala virus infection was 
demonstrated. Serum samples from 910 farmers and 663 referent subjects living in various rural 
parts of Sweden were tested. Among farmers from the Puumala virus-endemic northern and 
central parts of the country, the seroprevalence (12.9%) was higher (p=0.01) than in referents 
(6.8%). In the southern part of Sweden, only 2/459 persons had antibodies. Only a limited 
number of children with NE had been previously reported. In a separate study, 32 children with 
Puumala virus infection were identified and the clinical picture of NE in children was found to 
be similar to that of adult cases.

Variations in the prevalence of Puumala virus in the bank vole population within an 
endemic region are not well known. Here, a higher mean rodent density and a higher 
prevalence of Puumala virus-specific serum antibodies were recorded in the vicinity of 
households afflicted with NE than in rural control areas. The data indicated that the risk of 
exposure locally within an endemic region may vary widely and tentatively suggested that a 
threshold density of bank voles might be necessary to achieve before effective spread of 
Puumala virus within the rodent population may occur.

There is no firm evidence of the occurrence of Puumala virus among wild living animals 
other than rodents. A study of Swedish moose, an animal which is ecologically well 
characterized, was performed. Convincing evidence of past Puumala virus infection was found 
in 5/260 moose originating from Puumala virus-endemic areas but in none of 167 animals from 
nonendemic areas. Based on the low seroprevalence recorded, moose seemed to serve as 
endstage hosts rather than being active parts of the enzootic circle of transmission.

In conclusion, the present investigations confirmed that the exposure to Puumala virus is 
geographically well restricted in Sweden. Seroprevalence studies indicated that only a minor 
proportion of individuals infected with Puumala virus are clinically reported, with a bias in 
favour of men. NE was confirmed to occur in children, with a clinical picture similar to that of 
adults. An occupational risk was defined for acquisition of Puumala virus infection. Studies in 
rodents suggested that there may be wide local variations within a limited area in the risk of 
exposure to Puumala virus. The studies validated the usefulness of a newly developed ELISA 
based on recombinant nucleocapsid peptides of hantaviruses and finally, methodological 
progress was reached when Puumala virus was, for the first time, successfully isolated from a 
Scandinavian patient.
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SUMMARY

Puumala virus, belonging to the genus hantavirus, is the causative agent of nephropathia 
epidemica (NE), a relatively mild form of hemorrhagic fever with renal syndrome. Puumala virus 
occurs endemically in Central and Northern Europe and Western Russia. In Sweden, NE is 
reported from the northern and central parts but virtually not at all from the southern part of the 
country. The bank vole (Clethrionomysglareolus) is the main reservoir of Puumala virus and humans 
are infected by inhalation of aerosolized animal secreta. In northern Sweden, the density of the 
bank vole population varies cyclically in intervals of 3-4 years and the incidence of NE shows a 
covariation.

The prevalence of serum antibodies to hantaviruses in northern Sweden was studied in a 
stratified and randomly selected adult population sample comprising 1538 subjects. As expected, 
the prevalence increased with age. There was no difference between men and women, which was 
unexpected based on a male:female ratio of > 2:1 in clinical reports. By use of an 
immuno fluorés cent assay, a seroprevalence of 5.4% and by a newly developed enzyme-linked 
immunosorbent assay (ELISA) with recombinant Puumala virus nucleocapsid protein as antigen, 
a prevalence of 8.9% was recorded. This is about or more than ten times higher than what would 
be calculated from clinical reports.

By use of the ELISA, an occupational risk of acquisition of Puumala vims infection was 
demonstrated. Serum samples from 910 farmers and 663 referent subjects living in various rural 
parts of Sweden were tested. Among farmers from the Puumala virus-endemic northern and 
central parts of the country, the seroprevalence (12.9%) was higher (p=0.01) than in referents 
(6.8%). In the southern part of Sweden, only 2/459 persons had antibodies. Only a limited 
number of children with NE had been previously reported. In a separate study, 32 children with 
Puumala vims infection were identified and the clinical picture of NE in children was found to 
be similar to that of adult cases.

Variations in the prevalence of Puumala vims in the bank vole population within an endemic 
region are not well known. Here, a higher mean rodent density and a higher prevalence of 
Puumala virus-specific semm antibodies were recorded in the vicinity of households afflicted 
with NE than in mral control areas. The data indicated that the risk of exposure locally within an 
endemic region may vary widely and tentatively suggested that a threshold density of bank voles 
might be necessary to achieve before effective spread of Puumala vims within the rodent 
population may occur.

There is no firm evidence of the occurrence of Puumala vims among wild living animals 
other than rodents. A study of Swedish moose, an animal which is ecologically well characterized, 
was performed. Convincing evidence of past Puumala vims infection was found in 5/260 moose 
originating from Puumala virus-endemic areas but in none of 167 animals from nonendemic 
areas. Based on the low seroprevalence recorded, moose seemed to serve as endstage hosts rather 
than being active parts of the enzoodc circle of transmission.

In conclusion, the present investigations confirmed that the exposure to Puumala vims is 
geographically well restricted in Sweden. Seroprevalence studies indicated that only a minor 
proportion of individuals infected with Puumala vims are clinically reported, with a bias in favour 
of men. NE was confirmed to occur in children, with a clinical picture similar to that of adults. 
An occupational risk was defined for acquisition of Puumala virus infection. Studies in rodents 
suggested that there may be wide local variations within a limited area in the risk of exposure to 
Puumala vims. The studies validated the usefulness of a newly developed ELISA based on 
recombinant nucleocapsid peptides of hantavimses and finally, methodological progress was 
reached when Puumala vims was, for the first time, successfully isolated from a Scandinavian 
patient.
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SAMMANFATTNING

Sorkfeber (nephropathia epidemica, NE) tillhör en grupp av sjukdomar, som kallas 
hemorrhagisk feber med njurengagemang (hémorragie fever with renal syndrome) 
och som orsakas av hantavirus. Dessa virus förekommer över stora delar av 
världen. Ett stort antal olika hantavirus har identifierats, vart och ett knutet till en 
viss art av gnagare. Gnagarna fungerar som reservoir för virus men blir vad man 
vet inte sjuka. De tros vara kroniska bärare och utsöndrar virus via saliv, urin och 
avföring. Smittämnet överförs till människa genom inandning av damm 
innehållande intorkat sekret från gnagare. I Europa och Asien insjuknar årligen 
100.000-150.000 personer i hantavirus infektioner, med en dödlighet varierande 
från mindre än 0,5 till 10%.

Puumala virus, som orsakar NE, förekommer i norra och centrala Europa och 
i Ryssland väster om Uralbergen. Puumala virus sprids av skogssorken 
{Clethrionomys glareolus). I norra Sverige varierar tätheten i sorkpopulationen i cykler 
om 3-4 år och incidensen av NE uppvisar en samvariation. Trots att skogssorken 
finns i hela landet, rapporteras fall av NE nästan enbart från området norr om 59° 
nordlig bredd. I Sverige rapporteras ca 100-300 fall årligen. I norra Sverige 
beräknas incidensen vara i genomsnitt cirka 20 fall/100.000 invånare/år. NE 
karakteriseras av plötsligt påkommande hög feber, muskelvärk och påverkat 
allmäntillstånd. I det typiska fallet tillkommer buk- och ryggsmärtor samt 
huvudvärk. Det akuta skedet utmärks också av njurpåverkan med nedsatt eller 
upphörd urinproduktion. Blödnings komplikationer kan förekomma. Trots att det 
akuta sjukdomstillståndet kan vara mycket svårt, tillfrisknar patienten som regel 
helt. Jämfört med andra sjukdomar inom gruppen är NE relativt mild och 
dödligheten är mindre än 0,5%.

Inom vår forskargrupp studeras flera olika aspekter på sorkfeber. En viktig del 
är att förstå infektionens utbredning i befolkningen och vägarna för smittämnets 
spridning i naturen. Att söka svar på dessa frågor har varit målsättningen för 
denna avhandling.

Ett befolkningsbaserat, slumpat och åldersgrupperat material från de två nord
ligaste länen omfattande 1538 vuxna individer undersöktes med två olika metoder 
för påvisande av antikroppar mot Puumala virus. Prevalensen av antikroppar var 
5,4% respektive 8,9%. Ingen signifikant skillnad förelåg mellan män och kvinnor, 
vilket avviker från flera kliniska studier där män förekommit mer än dubbelt så 
ofta som kvinnor. I jämförelse med antalet rapporterade fall av NE var enligt våra 
resultat antalet Puumala virus smittade personer i området omkring eller mer än 
tio gånger högre.

Andelen personer med antikroppar ökade med stigande ålder och de som var 
bosatta på landsbygden hade en högre frekvens jämfört med de som var bosatta i 
tätorter. Lantbrukare och skogsarbetare uppvisade högre frekvens av antikroppar 
än andra yrkesgrupper. Då det inte kunde fastställas om yrkesexposition eller
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boendeort hade betydelse gjordes en undersökning omfattande 910 lantbrukare 
och 663 kontrollpersoner från landsbygdsområden i nio svenska kommuner. Bland 
lantbrukare noterades en antikropps förekomst om 12,9% jämfört med 6,8% bland 
kontroller (P = 0,01). I södra Sverige hade endast 2/459 personer antikroppar.

Tidigare har endast ett fåtal fall av NE hos barn beskrivits. I en studie identi
fierade vi 32 barn med sjukdomen. Sjukdomsbilden liknande den som beskrivits 
hos vuxna.

Det är föga känt, hur förekomsten av Puumala virus varierar bland 
skogssorkar inom ett endemiskt område. Vi fann ett större antal sorkar och en 
högre andel antikroppar hos sorkar fångade i närheten av hushåll där fall av NE 
förekommit än i kontrollområden 10 km därifrån. Dessa resultat tyder på att 
risken för smitta kan variera avsevärt över korta avstånd inom ett endemiskt 
område. Möjligen måste sorkpopulationens storlek nå ett visst tröskelvärde för att 
en effektiv spridning av virus ska kunna ske bland djuren.

Det har inte funnits några säkra bevis för att Puumala virus förekommer bland 
vilda djur utöver gnagare. Vid en undersökning av 427 älgar fångade på sex olika 
platser i Sverige fann vi övertygande bevis för genomgången Puumala virus 
infektion hos 5 av 260 djur från mellersta och norra Sverige men inte hos någon av 
de 167 undersökta älgarna från södra Sverige.

Till skillnad från andra hantavirus har Puumala virus varit svårt att isolera från 
akut sjuka patienter med NE. Vad vi känner till finns endast ett tidigare humant 
isolat från Frankrike samt några få isolat från Ryssland. Med en ny teknik lyckades 
vi för första gången isolera Puumala virus från en patient i Skandinavien. Isolatet 
uppvisade genetiskt och serologiskt större likhet med ett isolat från sork fångad i 
norra Sverige än med ett sorkisolat från Finland.

Sammanfattningsvis har våra undersökningar bekräftat, att utbredningen av 
Puumala virus i Sverige är begränsad till de mellersta och norra delarna av landet. 
Seroprevalensdata tyder på att endast en mindre andel av personer, som smittas av 
Puumala virus, upptäcks. En yrkesrelaterad risk föreligger hos lantbrukare. 
Förekomsten av Puumalavirussmittade sorkar varierar över korta avstånd inom ett 
endemiskt område.
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Background

BACKGROUND

Hantavirus diseases as emerging infections
Hantaviruses are the causative agents of a group of endemic zoonotic diseases. 

The impact of hantaviruses on the health of afflicted populations is 

considerable. In the Euroasian continent, 60,000 - 150,000 cases of 

hemorrhagic fever with renal syndrome (HFRS) are reported each year, with a 

calculated mortality of 4-10% (1-3). Probably, there is also a five-fold or higher 

incidence of cases which escape being reported (4-6). HFRS is formally 

recognized by WHO as a public health problem (7).

During the last decade, the global interest in hantavirus disease has been 

further increased. Previously unrecognized human hantavirus diseases tend to 

appear in new areas and the list of novel hantaviruses is growing rapidly (8). In 

1993, the spectrum of hantavirus disease was dramatically extended when the 

hantavirus pulmonary disease (HPS) was observed in southwestern US. HPS is 

a fulminant disease with a fatality rate of -50% (9) and so far, some 200 cases 

have been recorded.

Hantavirus diseases are now included among so called emerging infections. 

This means that much effort is invested internationally in research on their 

virology, epidemiology, pathogenesis, as well as on vaccine development (10). 

In particular, work aiming to improve the understanding of the molecular 

heterogeneity within the genus Hantavirus and the distribution of hantaviruses 

in various parts of the world is presently intense.

Virology
Hantaviruses, belonging to the family Bunyaviridae, comprise a group of 

viruses causing zoonotic diseases. Hantaviruses are enveloped and have a
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Background

negative single-stranded RNA genome. The genome consists of a large (L), a 

medium-sized (M), and a small (S) segment. The L segment codes for the viral 

polymerase, the M segment for the two glycoproteins Gl and G2, and the S 

segment for the nucleocapsid protein (11). Hantaviruses are divided into 

different serotypes. To be distinguished as a discrete serotype, a hantavirus 

must have been isolated in cell culture and shown by neutralisation assay to 

differ at least four-fold in titre in comparison to heterologous strains (11-13).

In line with the nomenclature used for the Bunyaviridae family in general, 

strains of hantavirus are named according to the geographic location where they 

were first detected. Thus far, at least ten serotypes are recognized of which six 

cause human disease. Among HFRS-causing serotypes, Hantaan virus was the 

first virus to be isolated and is referred to as the prototype hantavirus (14). 

Puumala , Seoul and Dobrava virus also cause HFRS (15-17). Among HPS 

viruses, Sin Nombre was first isolated, followed by Black Creek Canal virus 

(18, 19).

More recently, the differentiation of genotypes of hantaviruses has become 

facilitated by use of the polymerase chain reaction (PCR) and on that basis, 

more than 20 different hantaviruses are now recognized (Table 1) (8, 20). The 

nucleotide sequence of several hantaviruses is currently being revealed. Partial 

or complete nucleotide sequencing of the S, M, or L segment enables the 

construction of phylogenetic trees (21) and so far two major genetically 

separated lineages are thereby identified; one comprising Hantaan, Seoul, 

Thailand, Thottapalayam, and Dobrava viruses, and another comprising 

Puumala, Prospect Hill, Sin Nombre, and related New World hantaviruses (8, 

22) (Fig. 1). Thus, Puumala virus seems to be genetically more closely related 

to the American HPS-causing Sin Nombre virus than to a group of agents 

which, in similarity to Puumala virus, occur in Euro-Asia and cause HFRS.

2



Background

S M Reservoir
Order

Insectivorae

Subfamily
MurinaeTHAI

ELMC ELMO

RIOS

Subfamily
Sigmodontinae

RIOM

RIOM

Sotkamo

Subfamily
Arvicolinae

Fig. 1. Phylogenetic tree of hantaviruses based on the complete coding region 
of the S segment and the nucleotide sequence corresponding to the coding 
region of G2 in the M segment of Hantaan virus (76-118) according to 
Schmaljohn & Hjelle (8). The abbreviations of hantaviruses are according to 
those given in Table 1. The tree consists of three main groups of hantaviruses 
each related to rodent species belonging to the Murinae, Sigmodontinae or 
Arvicolinae rodent subfamilies. It should be noted that Thottapalayam virus was 
isolated from Suncus murinus, an insectivore (23). Whether this is the main 
reservoir or a ”spillover” from a rodent reservoir is not yet determined (8).
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Background

Clinical syndromes
Hantavirus diseases are divided in two distinctly separated clinical syndromes. 

HFRS is caused by Hantaan, Seoul, Dobrava, and Puumala virus and occurs 

endemically in the Euroasian continent, whereas HPS is caused by Sin Nombre 

virus and related viruses appearing in the Americas (2, 18, 22, 38). Both 

syndromes involve a sudden onset of high fever, headache, and myalgias. HPS 

is characterized by an acute non-cardiac pulmonary edema and is associated 

with a mortality of approximately 50% (9). In HFRS, renal impairment is the 

predominant organ manifestation. The mortality varies with the serotype of 

hantavirus from 5-10% to < 0.5% .

In classical descriptions of HFRS five stages were identified; febrile, 

hypotensive, oliguric, diuretic, and a convalescent phase (39, 40). Only a 

minority of patients do, however, distinctly exhibit all these phases (41). 

Thrombocytopenia and hemorrhagic manifestations occur frequently.

The Asian Hantaan virus-caused HFRS is the most severe form of HFRS 

with a fatality rate of 5-10% (3, 41). Dobrava virus, also associated with severe 

disease, occurs in the Balkans (17, 42-48). Seoul virus causes less severe 

disease although with a similar clinical picture (49). In Hantaan, Dobrava, and 

Seoul virus-caused HFRS, an association between previous infection and the 

presence of hypertension or chronic renal disease has been reported (50-53).

Puumala virus causes nephropathia epidemica (NE), a mild European form 

of HFRS (54). Similar to other clinical forms, it is characterized by an acute 

onset of high fever, headache, nausea, and back and abdominal pain (55-57). 

Minor hemorrhagic complications may be present in 30% of the cases and a 

renal insufficiency is typical but not obligatory (56, 58). After transient oliguria, 

a phase of polyuria usually develops. Laboratory findings in the acute phase 

include elevated levels of serum creatinine, thrombocytopenia, proteinuria, and 

hematuria.
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The severity of NE varies widely, from intensive care-requiring disease to 

conditions with no need for hospitalization. Irrespective of severity, recovery is 

nearly always complete. The convalescent period may be prolonged but renal 

function restitutes after some months (59). Common differential diagnoses are 

septicemia, pyelonephritis, influenza, and ”common cold”. The diagnosis of NE 

is confirmed by demonstration of anti-Puumala virus IgM serum antibodies or a 

low avidity of IgG antibodies (60). Moreover, an IgG antibody response is 

usually present already in the acute stage of the disease.

The mortality of NE is less than 0.5% (1, 61-63). There is no generally 

accepted, effective, and specific antiviral treatment available for hantavirus 

disease. Ribavirin has been tested with some effect in Hantaan virus infection 

(64).

Pathophysiologically, HFRS and HPS may be more similar than suggested 

by their clinical presentations. Affection of the lungs has been shown to occur 

in NE (55, 65-68) and renal insufficiency is also present in infection with 

Bayou virus, a Sin Nombre related virus (69). The common pathogenic 

mechanisms involves capillary leakage and vasodilation (70, 71).

There is no relevant animal model available for studies of the pathogenesis 

of hantavirus infection in humans. At present, the generation of data relevant to 

understand the mechanisms of virulence and pathogenesis of different 

hantaviruses seems to depend mainly on observations in humans and on in vitro 

studies (72-74).

Isolation of Puumala virus
As a clinical entity, HFRS was recognized long before the etiology of the 

disease was disclosed. In Scandinavia, the first patients were described in 

Sweden in 1934 (75, 76). In 1976, Hantaan virus was identified by 

demonstration of viral antigen in the lungs of striped field mouse (Apodemus
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agrarius) captured in Korea and soon thereafter, the virus was isolated from 

patients with Korean hemorrhagic fever (14, 77). At this time, NE was 

suspected to be a disease related to Korean hemorrhagic fever and sera from NE 

patients were found to react with the Korean hemorrhagic fever agent (78, 79). 

Puumala virus was initially identified by antigen detection in the lungs of a 

bank vole (Clethrionomys glareolus) in Puumala, Finland (15). In 1982, 

isolation of Puumala virus was reported after successful passage in laboratory 

bank voles (80). Sequencing of the total genome of the Sotkamo strain of 

Puumala virus has recently been performed (81, 82). Two strains of Puumala 

virus, Vindeln 83-L20 and Hällnäs Bl (identical to the strain called Vranica), 

isolated from rodents captured in northern Sweden, have been genetically 

characterized (21, 83-86).

As compared to Hantaan and Sin Nombre viruses, the isolation of Puumala 

virus from humans is obviously much more difficult. By amplification methods, 

Puumala virus RNA has been demonstrated from blood and other specimens in 

acute phase NE (87-90) and these findings have led to intensified isolation 

attempts. In Western Europe a first isolate (Puumala 90-13) was reported in 

1995 from France (91, 92). Among several reported Russian human isolates, 

Puumala K27 and P360 have been genetically characterized (93-95). In 

Fennoscandia, in spite of more than a decade of attempts with varying 

technology, Puumala virus had not been successfully isolated from humans 

when paper VII was published in 1997.

Serological verification of hantavirus infection
After the successful isolation in 1976 of Hantaan virus, the etiological agent of 

Korean hemorrhagic fever (14), the immunofluorescent assay (IFA) was 

introduced as a serological assay. When Hantaan virus was found to be
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recognized by antibodies from patients with NE, it became applied also on NE 

serology (78, 79, 96). Today, Puumala virus-infected cells are used as antigen 

in the IFA. Puumala virus-specific antibodies, and IgM antibodies in particular, 

are consistently present already in the acute phase of NE and IFA is a highly 

useful and simple test for microbiological confirmation of the diagnosis. The 

presence of a granular, cytoplasmic fluorescence is taken as evidence of the 

presence of antibody, the pattern of fluorescence being a marker of specificity. 

The IFA has been further elaborated in NE to distinguish between IgG 

antibodies of low and high avidity (60).

For various reasons, IFA is not always the ideal test for assay of hantavirus 

antibodies. The assay depends on culture of viruses which may be hazardous 

and therefore requires safety laboratory facilities. For seroprevalence studies, 

IFA is cumbersome and moreover, it depends on ocular reading. For these 

reasons, and also with the aim to increase sensitivity and specificity, assays with 

more refined antigen and antigen prepared without need for viral isolation have 

been developed.

Among several immunoassays evaluated, the ELISA is now the most 

established test for determination of the antibody response to various 

hantaviruses. The antigen used is based predominantly on the nucleocapsid 

protein. The Puumala virus nucleocapsid protein contains epitopes reacting with 

IgG and IgM from most patients in the acute phase of NE (97, 98). For antigen 

preparation, the nucleocapsid protein is preferentially expressed by Escherichia 

coli or by insect cells (99-106). Antigen preparations in common use comprise 

either the full length nucleocapsid protein or the 117 to 119 amino-terminal 

amino acids, which include the most important targets of the human antibody 

response.
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An ELISA based on E. co/i-expressed recombinant fusion proteins 

containing amino acids 1-117 of the Hantaan, Seoul, Dobrava, Sin Nombre, and 

Puumala virus nucleocapsid proteins has been developed for clinical purposes 

in our laboratory (107). By use of serum samples received within a four-month 

period from 618 patients with clinically suspected NE, the concordance 

between the nucleocapsid protein ELISA and IFA was found to be 98.5%

(106). Based on IFA, the sensitivity was calculated to be 94.4%, with identical 

results for IgM and IgG. All 101 patients reactive in IgG ELISA showed 

reactivity also in the IFA.

When in further evaluation, a panel of sera from hantavirus-infected 

individuals from various countries were tested against nucleocapsid protein 

based on different hantaviruses, two patterns of reactivity were distinguished 

(108). In sera from Scandinavia, European Russia, and the US, the antibody 

responses were directed mainly to the Puumala/Sin Nombre lineage of viruses, 

whereas sera from Asia reacted almost exlusively with the Hantaan/Seoul/ 

Dobrava lineage. Among patients from Slovenia, both patterns were found. 

Discrimination of the two patterns was distinct both for the IgM and IgG 

antibody response (108). Thus evaluation of the nucleocapsid ELISA with sera 

obtained from clinical patient materials had indicated that for diagnostic 

purposes, the assay was indeed promising. It now remained to be seen whether 

it would be useful also in seroprevalence studies of humans and animals.

Geographic distribution and ecology of hantaviruses
Each hantavirus seems to be associated with one given species of rodents. This 

host restriction suggests that hantaviruses coevolve with rodents (20, 109). The 

animals are held to be persistently infected with the virus (110, 111) and 

transmission among the reservoir animals to occur mainly via aerosolised
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excretions (112, 113). Due to this virus-rodent association, each hantavirus has 

a characteristic geographic distribution (8, 20).

Hantaan virus occurs in Asia, where it is associated with the striped field 

mouse (A. agrarius). Dobrava virus is endemic in the Balkans and associated 

with the yellow-neck mouse (A. flavicollis), whereas Seoul virus, due to its 

association with the Norwegian rat (Rattus norwegius), is believed to occur in 

various parts of the world (1, 11, 17). Puumala virus is endemic in Central and 

Northern Europe including Western Russia. The reservoir of Puumala virus is 

the bank vole, C. glareolus (15, 83, 84). Sin Nombre virus, the first virus shown 

to cause HPS in North America, uses the deer mouse (Peromyscus maniculatus) 

as a reservoir (18).

Several new Sin Nombre-like viruses are continuously reported from both 

North and South America (19, 28-30, 32-37, 114). Recently, new hantaviruses 

have been discovered also in the Euroasian region. Tula virus, found in the 

Czech republic, Slovakia, Russia and in Austria, is carried by the European 

common vole (Microtus arvalis) (27, 115-117), Topografov virus in Siberia is 

associated with the Siberian lemming (Lemmus sibiricus) (31), and Khabarovsk 

virus in Far East Russia uses the reed vole (M. fortis) as a reservoir (26) (Table 

1). None of these three viruses has been convincingly shown to be associated 

with human disease.

In addition to its circulation within a rodent reservoir, a hantavirus may also, 

more or less occasionally, infect heterologous wild living rodents and other 

mammals (109, 118-124). Data on such spread is, however, not yet 

comprehensive.

The distribution of rodent reservoirs largely exceeds the known distribution 

of each hantavirus. It should be recalled, however, that the complete 

distribution of the viruses still remains to be determined. When HPS was first
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described in 1993 from southwestern US, climatic changes with subsequent 

increase of food was reported to have enabled a rapid increase in density of the 

deer mouse (125). Later, Sin Nombre virus and cases of HPS have been traced 

back two or three decades before the identification of the first outbreak of 

disease, indicating that the virus existed in the region although probably at 

much lower density (126-128). Similar climatic changes in relation to an 

epidemic of HPS have been reported in South America (129).

Also in Europe, new information on the distribution of hantaviruses is 

currently generated. A recent example is Dobrava virus, which was first isolated 

in the Balkans (17). There is now evidence indicating that this serotype is 

present also in Estonia and in Russia (130, 131). Besides the occurrence of 

hantaviruses in new areas, there is also increasing evidence of a concomitant 

occurrence of more than one hantavirus serotype in one and the same area. This 

applies on the Balkans, the Netherlands, Belgium, Western Russia, and Estonia 

(130-134). It should be recalled, finally, that only 2-5% of the total number of 

existing rodent species, about 2,000, have been investigated for the presence of 

hantaviruses (20, 135).

Epidemiology of hantavirus infections
A correlation between abundance of rodents and incidence of hantavirus disease 

in humans has been observed in many areas (55, 80, 136-138). Humans are 

supposed to be infected by inhalation of secreta from infected rodents (112) and 

this is also the likely mechanism behind laboratory outbreaks (2,139, 140).

To analyze factors that promote exposure and risk of contracting HPS and 

HFRS, case-control studies in the US and Korea have been performed. These 

studies showed that living in primitive field conditions, exposure to dust, 

manual agricultural activities, peridomestic cleaning, and increased numbers of
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rodents were associated with an increased risk of hantavirus infection (141- 

144). Accordingly, an evaluation of methods for reduction of rodent access to 

rural buildings has been done, resulting in recommendations of rodent-proof 

housing (145).

Even if clusters of patients have been identified (55, 136), there is virtually 

no evidence of man-to-man transmission of hantavirus (146). An interesting 

exception is a recent report from Argentina of HPS in individuals with no other 

suspected contacts beyond infected persons (147).

In Asia, the annual incidence of hantavirus disease may reach or exceed 

100,000 cases annually (2, 3). Of two serotypes isolated in Asia, the more 

severe rural type is caused by Hantaan virus whereas the less severe urban, 

house-rat (R. norvegicus) associated type is caused by Seoul virus (49, 138, 

148). In China and Korea, the rural type of HFRS has a peak incidence in 

November and December, whereas the urban type peaks in the spring (3, 41, 

138). In China, a prevalence of serum antibodies to hantavirus of 0.3-12% has 

been recorded in human populations of various areas (3, 5).

In spite of a rarity of reported cases of hantavirus infection in Africa, a 

seroprevalence of 0-16.5 % among humans has been found in selected, non- 

randomized samples (149-156).

In Russia, HFRS is a common disease, although with widely varying 

incidence in various parts of the country. Hantaviruses of the Puumala type 

exist in western Russia to the Urals. Further east, more severe HFRS is 

recognized, probably caused by Hantaan virus (157, 158). Moreover, an 

outbreak of Dobrava virus-caused disease was recently reported from Russia 

(131). In 1980-1992, the reported annual incidence of hantavirus disease varied 

from 1.2-8.0/ 100,000 inhabitants. A case-fatality rate of 1-2% has been 

reported in the European part of the country (157).
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Some information on risk factors for the acquisition of HFRS has been 

obtained from studies in Russia. In general, the incidence has been higher in 

rural than in urban parts of the country. In the eastern European part, however, 

the morbidity rate was reported to be twice as high in larger towns as in rural 

areas. The reason for this discrepancy is unknown. Among urban patients, 

factory work was common whereas in rural areas, tractor or truck drivers 

seemed to be overrepresented (157, 159). Epidemiological studies in various 

Russian endemic areas have shown a prevalence of antibodies to hantavirus of 

1.5-18% (134, 159-161).

In France, Germany, the Netherlands, and Belgium, several minor outbreaks 

of HFRS have been reported comprising a total of several hundred patients 

(123, 162-167). In seroprevalence studies from Germany and the Netherlands 

including various nonrandomized individuals, 1.7% and 0.9% of the subjects 

were found to have antibodies to Puumala virus, respectively (123, 168).

In Fennoscandia, Puumala virus is the only hantavirus recognized so far. In 

endemic areas, NE occurs throughout the year with a peak in October to March 

(55, 96, 136). One explanation proposed for the seasonal variation is that 

humans may become exposed, when rodents invade dwelling-houses and bams 

during the cold season (169). As in other parts of the world, HFRS affects more 

males than females and the peak incidence occurs within 20-50 years of age (5, 

55, 57, 122, 136, 158, 161, 170).

In Finland, NE seems to occur almost in the whole country. Approximately 

1,000 cases are reported each year (6). In Sweden, 70-290 cases of NE are 

reported annually, nearly all cases being reported from areas north of the 59th 

parallel (96, 122). A large proportion is found in the two most northern counties 

(Fig. 2) and in this area, the mean annual incidence of the disease during the 

period 1987-1996 was reported to be 19 per 100,000 inhabitants. Notably, the 

bank vole, the reservoir rodent, occurs also in southern Sweden, although
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without a pronounced cyclic variation of the population density such as that of 

the northern population (171). Within the endemic northern part of Sweden, the 

density of bank voles varies cyclically in intervals of 3-4 years, and the 

incidence of NE shows a covariation (137). In consequence of the importance 

of exposure to rodents, the incidence of NE has been found to be twice as high 

in sparsely populated areas as that in towns (136).

LS) CD o> O O) 0> O) <J)O) O) O) <T>

□ Other counties
BThe two nothernmost counties

Year

Fig. 2. Number of cases of nephropathia epidemica reported during the period 
1985-1996 from Sweden, according to data from the Swedish Institute for 
Infectious Disease Control (including the two northernmost counties studied in 
paper I-II are indicated by dark colour).

In Sweden, the prevalence of Puumala virus antibodies in humans living in 

endemic areas has been reported to be 4-19% (122, 170,172). These studies 

were based on various nonrandomized samples. In, Norway a seroprevalence 

rate of 24% (23/97 subjects) was found in a sample of outdoor patients from a
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small and highly endemic region (173). Fifty-five of 97 patients included were 

> 60 years of age. From Finland, a seroprevalence of 0-20% has been reported 

in different areas (6, 80). In the latter reports, sample strategy and sample sizes 

were not given.
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AIMS

The general aim of the present study was to improve the understanding of the

distribution of Puumala virus in Sweden. More specifically, we wished to

> determine the prevalence of Puumala virus antibodies in a randomized and 

stratified adult population sample from northern Sweden.

> determine whether exposure by occupation may be associated with an 

increased risk of Puumala virus infection.

> document the occurrence and clinical characteristics of NE in children.

> study the distribution of Puumala virus antibodies among rodents within a 

small endemic area.

> broaden the knowledge of the susceptibility to Puumala virus infection of 

wild-living mammals.

> test the assumption that Puumala virus occurs endemically only in northern 

Sweden.

Besides, we hoped that the studies would help improving laboratory techniques

for diagnostic and epidemiological studies of hantavirus infection.
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MATERIAL AND METHODS

Serum samples from humans (I-III)
Seroepidemiological studies (I-IE) were performed using a randomized, 

stratified, and population-based sample from the northernmost counties of 

Sweden (Västerbotten and Norrbotten, 63.5-69°N). This sample was collected 

within the framework of the Northern Sweden MONICA (Monitoring of Trends 

and Determinants in Cardiovascular Disease) Project (174). The total 

population of the region was 511,000 inhabitants within an area of 154,000 

km2. Subjects were randomly selected from continuously updated population 

registers. Of 2,000 persons invited (250 men and 250 women within each of 

four strata, 25-34, 35-44, 45-54, and 55-64 years), 1,583 persons (79,2%) 

participated in the study including medical examination and laboratory tests. A 

questionnaire including questions on health, medication, occupation, and 

working conditions was completed. The occupation of each subject was 

classified according to the Nordic standard occupational classification (175).

Since in these studies (I-II), the seroprevalence of Puumala virus antibodies 

was found to be increased in farmers and other subjects living in rural areas, a 

separate study was focused on the occupational risk of NE (DI). Again, a serum 

material suitable for our purposes was already available. In nine municipalities, 

farmers had been selected for a project studying morbidity, health indicators, 

and health risks. Within these areas, all male farmers 40-60 years of age, 

identified by the Swedish register of farming and local information from the 

Swedish organisation of farmers, LRF, had been invited to attend. From the 

same areas, matching country-side living male referents had been selected. 

Serum sampling, interviews, completion of questionnaires, and examinations of 

the study group had been done in 1990-91. The participation rate for farmers 

was 83% (1,013/1,221) and for referents 68% (769/1,130).
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Identification of children afflicted with nephropathia epidemica (IV)
A total of 32 children <15 years of age with serologically verified NE were 

identified using reports from the Department of Virology, University Hospital 

of Northern Sweden, Umeå, Sweden and the National Bacteriological 

Laboratory, Stockholm, Sweden. They were diagnosed at hospitals and out

patient clinics from the whole endemic area. Of these 32 cases, 18 cases were 

retrospectively found from the period 1984-1990. The remaining 14 cases were 

prospectively identified during 1990-1992. For all children, clinical and 

laboratory data were derived from individual case records. In the prospective 

part of the study, a more detailed description of the duration and chronology of 

symptoms was obtained from the parents by use of a questionnaire.

Capture of rodents (V)
The prevalence of Puumala virus antibodies in rodents was studied in four 

different areas, each located close to a household afflicted with NE. For each of 

the case areas, a control area was randomly selected, 10 km apart from the case 

area. Within each area, rodents were caught by snap traps put in transects of 

300 m, with 30 traps per transect. A total of 6,000 trap nights were included.

Collection of blood samples from wild living moose (VI)
In six geographically separated areas (Umeå, Gäddede, Orsa, Uppsala, 

Lindesberg and Mark), each measuring 2,500-5,000 km2, 427 moose (205 

females, 202 males, and 20 nondetermined) had been sampled during the winter 

season of 1995-1997. The moose were darted from helicopter and injected with 

a mixture of an anaestetic and a tranquillizer (176). Thereafter, the animals were 

classified with regard to age and sex. Blood samples were taken from the 

jugular vein and serum was prepared and stored at -20°C until tested.
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Ethical approval
All projects concerning humans were approved by the Research Ethical 

Committe of Umeå University (I-H, IV,VII) and Karolinska Institute, 

Stockholm (HI), respectively. The data procedures were approved by the 

National Computer Data Inspection Board (I-IV). The study on wild-living 

moose had been approved by the Ethical Committee of Animal Research in 

Umeå (VI).

Immunofluorescent assay (IFA)
Indirect immunofluorescent antibody assay (IFA) was performed. In the studies 

of paper I-IV, the rodent prototype, Sotkamo strain of Puumala virus was used 

as antigen, whereas in the study of moose serum (VI), a local isolate of Puumala 

virus (VH) (Umeå/305/human/95 strain) was used. In standardization 

experiments, the local strain was found to give results identical to those of the 

Sotkamo strain. Sin Nombre virus (strain CC107), Hantaan virus (strain 76- 

118), and Seoul virus (strain SR 11) were also used. Each hantavirus was 

propagated in Vero E6 or MA 104 cells, applied on slides, and used as antigen. 

Briefly, slides were incubated with serum diluted in PBS, washed, and 

incubated with anti-human or anti-mouse fluorescein-labelled conjugate diluted 

in Evans blue. For characterization of a new human isolate of Puumala virus, a 

panel of monoclonal mouse antisera and polyclonal human sera were used in 

IFA (VH). For demonstration of moose antibodies, a mouse anti-moose 

monoclonal antibody was used followed by fluorescein-labelled anti-mouse IgG 

(VI). Samples were read blindly in a fluorescence microscope and a 

characteristic cytoplasmic fluorescence was defined to show antibody reactivity.
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Hantavirus recombinant nucleocapsid protein ELISA.
In seroepidemiological studies of humans and animals (H-in,V-VI) a 

recombinant nucleocapsid protein ELISA was used. Briefly, wells of microtiter 

plates were coated with E. coli expressed recombinant fusion proteins 

containing amino acids 1-117 of Seoul (strain SR-11), Dobrava (strain 3970), 

Hantaan (strain 76-118), Sin Nombre (strain CC107), or Puumala virus (strain 

Sotkamo) nucleocapsid proteins (108). Serum samples were diluted and added. 

Control wells contained no antigen. After incubation with serum, the plates 

were washed and horseradish-peroxidase (HRP)-labelled anti-human or anti

mouse conjugate was added. After incubation, appropriate substrate was added 

for assay of enzyme activity. In the study of moose (VI), incubation with moose 

serum was followed by mouse anti-moose monoclonal antibodies and 

thereafter, HRP-conjugated anti-mouse antibodies. Antibody activity was 

expressed as the net absorbance value at 450 nm (mean absorbance of antigen- 

coated wells - mean absorbance of control wells). For control purposes, samples 

of positive and negative human serum were included.

Focus-reduction neutralization test
Neutralizing antibodies were determined by the focus-reduction neutralization 

test (177). Serum was serially diluted and mixed with a viral culture. The 

mixture was incubated for 1 h and subsequently inoculated into wells of a tissue 

plate containing confluent Vero E6 cell monolayers. After adsorption, the wells 

were overlaid with agarose and basal Eagle's medium and incubated for 12 

days. Virus-infected cells were detected by use of Puumala virus-specific 

polyclonal rabbit antiserum, followed by peroxidase-labelled goat antibodies 

and substrate. An 80% reduction in the number of foci was taken as evidence of 

virus neutralization and endpoint titers were determined.
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Seroprevalence studies in humans (I-III)
When aiming to describe the distribution of hantavirus infection in a human 

population, clinical reports afford only one piece of data. Such reports include 

only those subjects who present with a more or less typical picture and who are 

correctly diagnosed. There may, however, be a number of cases with an 

aberrant picture and subjects with mild disease or with no symptoms at all, i.e., 

subclinical infection. An additional, and probably more correct estimate of the 

distribution of Puumala virus infection may be obtained by seroepidemiological 

studies. Here, a stratified and randomized sample was used to estimate the 

prevalence of Puumala virus antibodies in the adult population of the endemic 

two northernmost counties of Sweden. Two different methods were used. First 

(I), we performed IFA with Puumala (Sotkamo strain) virus as antigen. Eighty- 

three out of 1538 subjects (5.4%; 95% Cl 4.3-6.6%) showed specific IgG to 

Puumala virus. There was no statistically significant difference in 

seroprevalence between men and women. An increase in seroprevalence by age 

was recorded (Fig. 3). Farmers and forestry workers showed a significantly 

higher seroprevalence rate (15.9%) compared to other occupational groups, and 

persons living in rural areas were more frequently seropositive than those living 

in urban areas (P < 0.05). The prevalence of hypertonia, cardiovascular disease, 

or diabetes mellitus did not differ significantly between seropositive and 

seronegative persons.

The serum material was thereafter investigated (II) by use of a more recently 

developed diagnostic method, the recombinant nucleocapsid protein ELISA 

(108). In clinical studies, this method had shown a sensitivity and specificity 

comparable to those of the IFA (106). By this method, determination of 

reactivity to hantaviruses other than Puumala virus was possible. It is true that
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in Sweden, Puumala virus is the only hantavirus known to exist. Nonetheless, 

the inclusion of recombinant nucleocapsid proteins representing these viruses 

was of interest, because it might give a hint on the possible existence of so far 

unrecognized hantaviruses in the region.

By the ELISA, the seroprevalence to Puumala virus was estimated to be 

8.9% (137/1533; 95% Cl 7.6-10.5%). Of these 137 sera, 111 (81%) reacted also 

in IFA, whereas serum from 26 individuals (19%) reacted only in the ELISA.

Cross reactivity to the nucleocapsid protein of Sin Nombre virus occurred 

frequently and in serum from 3/99 persons, this reactivity was even stronger 

than to Puumala virus (a difference > 0.2 OD). Cross reactivity to Hantaan, 

Seoul, or Dobrava virus protein was less frequent and of a lower magnitude. 

This pattern of cross reactivity was expected. Both nucleotide sequencing and 

antigen characterization have indicated that Puumala virus is more closely 

related to the Sin Nombre virus (the HPS-causing North American hantavirus) 

than to a group of antigenically distinguishable but interrelated HFRS-causing 

agents, including Hantaan, Seoul, and Dobrava virus (8, 18, 20).

Whereas a cross reactivity to Sin Nombre virus derived antigen was 

expected, more aberrant patterns of reactivity were found in some other serum 

samples. Serum from 21/1,533 subjects reacted exclusively to Sin Nombre 

virus. When serum samples from these 21 individuals were tested by IFA to Sin 

Nombre virus, however, only 1 (that with the highest OD in the ELISA) showed 

reactivity (titer 1/16). In 8/1,533 individuals, reactivity to Seoul, Dobrava, and 

Hantaan viruses was demonstrated, of which 3 showed reactivity also by IFA. 

Since Puumala virus is the only hantavirus recognized in the region, these 

aberrant patterns must indeed be cautiously interpreted. At the present stage, it 

suffices to say that they warrant an awareness with regard to the presence of 

new hantaviruses in the region.
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In conclusion, results of both IFA and ELISA suggested that the exposure to 

Puumala virus in humans from an endemic region is much more frequent than 

disclosed by clinical reports. When the IFA data were compared to incidence 

data from Sweden, we found the ratio of clinically apparent vs inapparent 

Puumala virus infection to be 1:8 (I). Besides, an interesting discordance by 

gender was found. The similarity in prevalence between men and women here 

found disagreed with several clinical studies, in which male:female ratios of > 

2:1 were reported (55-57, 96, 136, 178, 179).

25-34 35-44 45-54 55-64
(n=329) (n=391) (n=404) (n=414)

AGEGROUP

Fig. 3. Prevalence of IgG antibodies to Puumala virus in different age groups of 
1,538 randomly selected subjects in 1990 in northern Sweden (including 95% 
confidence intervals), as determined by IFA (paper I).
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Data of paper I suggested that farmers and forestry workers were at 

increased risk of Puumala virus infection. It could, however, not be disclosed in 

the study whether this was due to occupation or to their living in rural areas 

alone. To answer this question, an investigation of male farmers and 

countryside living referents was performed (HI). In nine endemic or 

nonendemic areas, serum samples had been collected for unrelated health 

investigations from 1,573 subjects (910 farmers and 663 matched controls). In 

total, antibodies to the Puumala virus derived recombinant nucleocapsid protein 

were disclosed by ELISA in 74 (4.7%) of the subjects. North of 59°N, the 

seroprevalence in farmers was significantly higher (12.9%) than in referent 

subjects (6.8%, P = 0.01). The estimated relative risk for farmers in relation to 

referents was 2.1 (95% Cl, 1.2-3.6). Similar results were obtained in all 

endemic areas (Fig. 4). In the nonendemic southern areas seropositive subjects 

were rare and altogether, only 2/459 persons had Puumala virus specific 

antibodies. The seroprevalence among subjects from Enköping, situated on the 

border to the endemic area, was 0.9% (3/346).

As in our previous study (I), we tried to find evidence of renal sequelae 

after NE. Again, no correlation was found between elevated systolic blood 

pressure (>150 mmHg) (P = 0.43) and the presence of Puumala virus antibodies 

(ID). A history of renal disease was self-reported in 5/74 seropositive 

individuals. In 4 of these individuals, hospital records were available but in no 

case, renal sequele or chronic renal disease attributable to previous NE was 

found.

In conclusion, serological evidence confirmed that exposure of humans to 

Puumala virus is firmly restricted to the central and northern parts of Sweden 

and indicated that in this region, farming is associated with an increased risk of 

contracting hantavirus infection.
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ÖSTERSUND
Farmers 18/111 (16.2%) 
Referents 7/88 (8.0%)

SUNNE
Farmers 4/51 (7.8%) 
Referents 1/35 (2.9%)

KARLSTAD
Farmers 15/83 (18.1%) 
Referents 5/58 (8.6%)

VAXJO
Farmers 0/96 (0%) 
Referents 0/68 (0%)

Farmers 5/28 (17.9%) 
Referents 2/21 (9.5%)

Farmers 8/114 (7.0%) 
Referents 4/79 (5.1%)

ss- N* Farmers 2/215 (0.9%) 
Referents 1/131 (0.8%)

\ GOTLAND
Farmers 0/130 (0%) 
Referents 1/105 (1.0%)

Farmers 0/82 (0%)
Referents 1/78 (1.3%)

Fig. 4. Prevalence of Puumala virus specific IgG antibodies among 910 farmers 
and 663 referents in nine Swedish communities, using a recombinant 
nucleocapsid protein based ELISA.

Nephropathia epidemica in children (IV)
Our seroprevalence data (I-IH) comprised adults only. Similar well controlled 

studies are not readily performed in children. When extrapolating the data on 

age strata (I), the prevalence of Puumala virus antibodies in children could be 

expected to be low and in fact, only a limited number of cases of NE in children 

had been previously reported (55, 136, 179). This might be due to a low 

susceptibility to Puumala virus of children or to an aberrant presentation of the 

disease with subsequent diagnostic difficulties. The question was addressed in 

the study presented in paper IV.
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From laboratory and clinical reports covering an 8-year-period in Sweden,

18 cases of Puumala virus infection in children were derived and their hospital 

records were used to describe the clinical picture. Moreover, we prospectively 

identified children by following laboratory reports for a 2-year-period in our 

region and so included another 14 cases. In the prospective part of the study, 

observations of symptoms were more accurate and complete, because 

questionnaires were answered by the parents during ongoing disease.

Altogether, 32 patients (20 boys and 12 girls) less than 15 years old were 

thus included. The occurrence of symptoms was based on data from various 

(11-32) number of cases. The most common symptoms were fever (100%), 

headache (100%), abdominal pain (93%), vomiting (91%), and back pain 

(76%). Thirst, vertigo, polyuria, or diarrhea were noted in more than half of the 

cases. In 6 of 32 (19%) children, a biphasic clinical course was seen; after an 

early clinical improvement, fever recurred and abdominal and back pain 

occurred. In 6 of 32 (19%) children, hemorrhagic manifestations were found. 

Three children had épistaxis, 2 had petechial bleedings in the mouth and 

bleeding from the gingiva, and a 13-year old girl experienced metrorrhagia. 

Laboratory examinations revealed proteinuria (31/31), hematuria (24/30), 

elevated serum creatinine concentration (19/28), and thrombocytopenia (7/22). 

Elevated inflammatory parameters such as C-reactive protein, erythrocyte 

sedimentation rate, and white blood cell count were found in several children. 

Hemodialysis was performed in a 14-year old girl, due to anuria and uremia.

Altogether, the clinical picture of these children was similar to that found in 

adult cases of NE (Table 2). The symptoms involved acute onset of high fever, 

headache, anorexia, abdominal and back pain, nausea and vomiting. All 

children recovered.
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Table 2. Comparison of selected clinical symptoms and findings in children and 
adults with nephropathia epidemica.

Symptom/Finding
Children, Sweden*

n=14-32

Percentage of patients
1 Children, Finland0 

n=32
Adults, Sweden0

n=74

Fever 100 100 99

Headache 100 59 85

Anorexia 100 - 66

Abdominal pain 93 59 65

Vomiting 91 72 70

Nausea 86 81 84

Back pain 76 38 82

Thirst 75 - 89

Vertigo 73 9 25

Polyuria 57 - 97

Diarrhea 57 9 20

Respiratory tract symptoms 21d 19 24

Hemorrhagic manifestations 19 13 37

Visual abnormalities 21e 25 31
a Present study (paper IV). 
b According to Mustonen et al., 1994 (178) 
c According to Settergren et al., 1989 (56). 
d Sore throat.
e Includes photophobia and blurred vision.
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Puumala virus antibodies among rodents in an endemic area (V).

Previous studies have shown a covariation between the density of rodents and 

number of cases of NE in the Puumala virus-endemic area as a whole (55, 80, 

136, 137). It is, however, not known whether local variations may occur in the 

prevalence of Puumala virus among rodents within an endemic area. In study V, 

rodents were trapped in the vicinity of each of four households recently 

afflicted with NE. To each case area, a control area was randomly selected 10 

km apart. During 6,000 trap nights, a total of 328 rodents (299 C. glareolus, 25 

Microtus agrestis, 2 Sorex araneus, 1 Arvicola terrestis and 1 Apodemus 

flavicollis) were captured.

The mean rodent densities of case and control areas were 6.6 and 3.7 

animals per 100 trap nights (P < 0.001). The prevalence of serum antibodies 

was 15.9% in case areas as compared to 5.6% in control areas (P < 0.05). The 

rodent density and seroprevalence were much higher in three of the case areas, 

where NE had occurred 3-10 weeks before trapping than in the fourth area 

where NE occurred 38 weeks before trapping. The density of seropositive 

animals increased curve linearily with the density of seronegative animals (r2 = 

0.742) (Fig. 5).

Of a total of 43 seropositive animals, 42 were C. glareolus and 1 was M. 

agrestis. No statistical difference was noted in seroprevalence between male and 

female voles (%2 = 0.40, P = 0.53) or in the distribution of body mass between 

seropositive and seronegative bank voles (P = 0.088, by the Kolmogorov- 

Smimov test).

All 43 seropositive rodents showed higher ELISA reactivity to Puumala virus 

antigen than to Seoul or Sin Nombre virus. Fourty-one of 43 rodents reactive to 

the Puumala virus nucleocapsid protein in ELISA were confirmed to react also 

bylFA.
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In conclusion, a higher local population density of rodents was found near 

households afflicted with NE than in control areas 10 km apart. Moreover, the 

seroprevalence to Puumala virus among C. glareolus was significantly higher in 

the case areas indicating that a correlation may exist between population density 

and spread of the Puumala virus within the vole population. We tentatively 

suggested that a certain density of rodents may be required to enable effective 

spread of the virus among the rodents (V).

When interpreting these results, it seems important to clarify that control 

areas were selected randomly without regard to the presence of buildings. It 

remains to be studied whether the density of potentially infected voles is higher 

around households afflicted with NE than around other households in the same 

or nearby villages.

No. seronegative animals/100 trap nights

Fig. 5. Nonlinear regression between density of rodents with and without 
Puumala virus antibodies in rural areas described in paper V. Closed circles 
indicate areas close to household afflicted with a case of NE, whereas open 
circles indicate control areas randomly selected 10 km apart from a case area.
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Hantavirus antibodies in moose (VI).
Each hantavirus seems to be adapted primarily to one single species of rodents. 

This rodent host forms a reservoir of the virus and the virus is believed to be 

maintained by circulation within the reservoir. Data on the spread of Puumala 

virus beyond the rodent reservoir is limited. Seroprevalence studies suggest that 

heterologous rodents may become infected but no comprehensive data on the 

susceptibility of other wild living mammals to Puumala virus is available. The 

sparsity of data may be due, at least partly, to difficulties associated with 

sampling. To decide whether a mammal is susceptible, examination of a large 

number of animals may be required. Moreover, the quality of serum samples 

has to be acceptable. Finally, antibodies specific to IgG of the mammal must be 

available for the immuno assay. When we here had the opportunity to 

investigate a serum material from Swedish moose, an ecologically well 

characterized animal, all these prerequisites were satisfactorily met with. The 

material was large, the animals were sampled alive, and a monoclonal moose- 

specific antibody was available. Due to the lack of serological background data 

in the moose, only antibody demonstration verified by the use of different 

assays was regarded as conclusive.

Out of 427 moose, serum samples from 27 animals showed reactivity in the 

ELISA towards Puumala virus nucleocapsid protein. Of these 27 animals, only 

5 reacted also in IFA with Puumala-virus infected cells and these 5 sera were 

also the only which neutralized Puumala virus in vitro, at titres ranging from 80 

to 2560. All 5 animals were among 260 moose originating from the two most 

northern locals studied. The 5 seropositive animals did not differ with regard to 

sex or age from the 255 other animals from endemic area analysed. No close 

geographic or family relation was found among the seropositive individuals.

Altogether, these data afforded strong serological evidence of past Puumala 

virus infection in 5/260 moose from the Puumala-virus endemic region of
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Sweden. The low prevalence recorded, and the lack of a close relation between 

seropositive animals, suggested that the moose may be an endstage host rather 

than an active participant in the enzootic circulation of the virus.

Human isolate of Puumala virus (VII).
For more than a decade, we have tried to isolate the étiologie agent of NE from 

patients by using various techniques. In paper VH, the first human isolate of 

Puumala virus in Fennoscandia was reported. From a 39-year-old male patient 

with serologically verified NE, blood was drawn on day 5 after onset of disease. 

Leucocytes were separated by dextran fractionation, washed, and resuspended 

in medium incubated at 37°C for 1 h in the presence of phytohemagglutinin 

(PHA). Thereafter, a portion of the suspension was transferred into glass roller 

tubes containing a culture of Vero E6 cells and incubated for 72 h. By washing, 

PHA was removed and the incubation was continued for an additional 3-week- 

period in a roller drum. At > 6 weeks intervals, the culture was passaged in 

plastic flasks. After more than 6 months of incubation, Puumala virus antigen 

was first detected by IFA.

Antigenic characterization, using a panel of monoclonal rat and bank vole 

antibodies and sera from HFRS patients, revealed that the isolate had the 

serotype characteristics of Puumala virus. Chinese sera, obtained from Hantaan 

virus-infected patients, reacted poorly to the isolate. The isolate seemed not be 

identical to the Sotkamo strain of Puumala virus because only one of two rat 

monoclonals raised against recombinant Sotkamo nucleocapsid protein 

recognized the isolate. The lack of identity was confirmed when serum from 

HFRS patients of northern Sweden and western Russia were comparatively 

tested against the isolate. These patients were supposed to have undergone 

Puumala virus infection and reacted at similar titer against the Sotkamo strain.
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Notably, serum from the patients of northern Sweden showed a significantly (P 

< 0.05) higher titer against the isolate than did the sera from western Russia. 

The isolate was denoted Puumala Umeå/305/human/95.

A partial genetic characterization of Puumala Umeå/305/human/95 was 

performed. By a nested PCR using primers specific to the Sotkamo strain of 

Puumala virus, parts of the S and M segments were successfully amplified. No 

amplimer was obtained by use of Hantaan virus specific primers. Subsequent 

partial sequencing showed a homology between the Umeå/305/human/95 virus 

and the Sotkamo strain of 88.7% and 79.3% for the S and M genome, 

respectively. The homology of the S and M genome sequences to those of 

rodent strains from northern Sweden was higher. Compared to strain Vindeln 

83-L20, the homology to the S and M sequences was 97.7% and 90.7% and to 

strain Hällnäs Bl (identical to Vranica), it was 97.4% and 92.8%, respectively.

In conclusion, a Scandinavian human isolate of Puumala virus was 

successfully obtained by long-term incubation of leucocytes from a patient in 

the acute phase of NE. Notably, the culture medium included PHA, the role of 

which remains to be formally studied in future isolation attempts. Although 

belonging to the Puumala virus serotype, the isolate differed from the Sotkamo 

strain, the Finnish rodent prototype strain (81, 180, 181). It was similar but not 

identical to strains previously isolated from rodents in northern Sweden (21, 83- 

86).
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DISCUSSION

When aiming to understand the distribution of Puumala virus in northern 

Sweden, seroprevalence determination was one obvious approach. The 

character of the serum material used (I, H) was well suited to the purpose. It 

was large and in particular, it was selected to be representative of the adult 

population of the region studied. The latter point will here be explored in more 

detail.

Different strategies can be used to select samples for seroprevalence studies. 

The strategies may be categorized as random (individuals, each with an equal 

chance of being selected from a predetermined and well-defined population), 

convenience (certain individuals, who were available, from a less well defined 

population), and consecutive (all individuals who were available, from a 

predetermined and well-defined population). The quality of the results, i.e., the 

possibility to make accurate inferences to the general population differs 

between the strategies. It is uncertain to what extent convenience or consecutive 

materials such as from blood donors or patients seeking medical attention for 

unspecific reasons are well suited for making population estimates. A previous 

study from Västerbotten using serum samples from patients visiting three out

patient clinics showed antibodies to Puumala virus in 82 of 439 subjects 

(18.7%), with a significant difference between males and females (28% vs 11%, 

p < 0.0001) (172). In the oldest age-group (> 60 years of age) which constituted 

almost half of the investigated sample, the seroprevalence was 29%. For men 

older than 60 years, a seroprevalence of 40% was found. In the light of the 

present population-based and randomized study, these figures are very high.

The present work (I, H) was, to the best of my knowledge, the first 

population-based, randomized and stratified study of the prevalence of 

antibodies to hantavirus in a population of an endemic area. Similar to previous
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studies from Sweden (122, 170, 172), most studies of seroprevalence with 

regard to HFRS-causing hantavirus have been performed on material sampled 

by convenience, using sera from e.g. laboratories, blood donors, military 

personnel (43, 122, 123, 134, 159-161, 163, 168, 170, 172, 173, 182-184). In 

Table 3, some seroprevalence studies from Europe are listed.

Although our studies (I, H) were based on a material which was indeed 

representative of the adult population, the interpretation of the data must 

nonetheless be performed with some limitations in mind. Firstly, the presence of 

hantavirus antibodies reflects immunological exposure and not necessary 

clinical infection. Secondly, seroprevalence studies are retrospective and the 

risk of contracting the infection may have changed with time. Thirdly, there is a 

risk of false serologicaTreactions, a phenomenon which may be more difficult 

to control in seroprevalence studies than in clinical studies in which the data is 

evaluated in relation to clinical information.

In future studies, these limitations might to some extent be compensated for. 

One strategy would be to follow a population for a period of time with repeated 

blood sampling and registration of clinical disease and other variables. Thereby, 

it should be possible to accurately determine the ratio of clinically apparent vj 

inapparent infection. In a study of hantavirus epidemiology with such a design, 

including 1,811 of 2,800 residents of two villages in an endemic region of 

China, a seroconversion rate of 2.3 % during one year was reported and the 

ratio of apparent/inapparent hantavirus infection was found to be 1:14 (5).
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The seroprevalence of the present adult study population was 5.4% (95% 

Cl, 4.3-6.6%) as determined by IFA (I) and 8.9% (95% Cl, 7.6-10.5% ) by 

ELISA (E). IFA has been a gold standard in the diagnostics of NE. Its 

specificity is high and in case reports it has been shown to allow detection of 

antibodies decades after NE (80, 185). The presently used ELISA was more 

recently developed (108) and by use of a serum dilution as low as 1:50, the 

assay was adjusted towards high sensitivity (E).

To illustrate the problem of selecting a proper serum dilution, results from a 

methodological study of the present assay may be cited (186). When in that 

study a dilution of 1:50 was used, 34/36 NE patients were shown to have 

Puumala virus-specific antibodies, whereas a dilution of 1:200 allowed 

detection of 30/36 patients. By use of 1:50 dilution, serum from 1/147 control 

subjects showed reactivity, whereas no false positive reaction was found when 

serum was diluted 1:200 (186). When taking the results of both our studies in 

consideration (I, E), it seems reasonable to asssume that the true prevalence 

may be found within or near a range given by the respective mean prevalence 

values, Le., 5-9%. Taken together, the IFA (I) and the ELISA (E) data verified 

that the number of persons supposed to be infected with Puumala virus exceeds 

by several times the number of cases of NE reported.

Of interest, we found a lack of difference in seroprevalence between males 

and females (I, E). This is in contrast to results from several clinical studies of 

both NE and other hantavirus diseases, in which a male:female ratio of > 2:1 

has been found (2,49, 55-57, 96, 136, 157, 161). Also in the present study of 

children with NE (IV), the sex ratio was 1.7:1 and in two Finnish studies of NE 

in children, the ratios were 2.3:1 and 1.7:1, respectively (178, 179). However, a 

Chinese study showed a lack of difference in seroprevalence of males and 

females. In that study, incidence ratio of clinical disease in relation to gender 

was not given (5). Several alternative explanations may underly the discrepancy
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in gender distribution between seroprevalence and clinical reports. For example, 

females may have a less severe disease, either due to a difference in clinical 

expression or because men might be more prone to be exposed to higher viral 

doses. No data is at present available to explain the difference on a genetic 

level. In the context, it should be notified, however, that an association between 

severity of NE and HLA haplotype of the patient has been reported (90, 187).

Controlled seroepidemiological studies of hantavirus disease in children are 

not available. In children, sample sizes need to be especially large due to an 

assumed low seroprevalence. According to extrapolation from data on the 

youngest age strata of study I, 25-34 years, it may even be < 1-2%. When the 

present investigations were started, there was little information on Puumala 

virus infections in children. In the study (IV), covering the period 1984 to 1992, 

only 32 pediatric cases of NE were identified in Sweden. In a previous clinical 

survey of 234 cases of NE during a two-year period, 12 cases (5%) below 20 

years of age were recorded (188). It is not known, whether children may be less 

susceptible to Puumala virus than adults or whether pediatric cases might fail to 

be diagnosed due to an aberrant or subclinical expression. The latter 

explanation was to some extent contradicted by the results of the present (IV) 

and a Finnish study (178), indicating that children exhibit a clinical picture of 

NE similar to that of adults. In Chinese studies, children have comprised 10.9- 

13.3 % of recorded cases with HFRS, which is relatively low when bearing in 

mind that the age group < 15 years constitutes a considerable part (23-36%) of 

the study populations (5, 189). Moreover, most of the children identified with 

HFRS in those studies were as old as 10-14 years. In the Americas adults 

constitute > 90% of reported cases of HPS. Only a few HPS cases occurred 

among adolescents and children and these patients presented with a clinical 

picture similar to or less severe than that of adults (190, 191). A higher 

likelihood of exposure of adults than of children and a liability to develop more
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severe disease have been proposed as explanations why some viral hemorrhagic 

fevers seem not to affect children to the same extent as adults (192).

In the study of paper m, farmers from the Puumala virus endemic region of 

Sweden were found to have a higher prevalence of Puumala virus antibodies 

than did referent subjects living in the same rural areas. Little data on 

occupational risks in association with NE had been previously reported. In 

studies from Germany and the Netherlands, an increased seroprevalence had 

been found in trappers, forestry workers, and employees of a horse-farm, but 

not in farmers (123, 168). However, these studies included few seropositive 

persons. In more highly endemic areas in the European part of Russia, the 

antibody prevalence has been reported to be higher among persons occupied in 

oil production, forestry, and agricultural work and among drivers, as compared 

to factory and office workers (159). A study performed in China suggested an 

association between type of farming work and the risk of acquiring HFRS. 

Heavy work including threshing was associated with a higher incidence of 

disease (189). Taking the present study on Puumala virus (EH) and studies on 

other hantavirus infections in consideration (2, 193, 194), the risk of exposure 

to hantavirus seems to be convincingly associated with occupation. However, 

studies in HPS-endemic areas of the US of persons with an anticipated 

occupational risk of rodent exposure did not show any presence of antibodies to 

Sin Nombre virus (195, 196). That result may have reflected the sporadic nature 

of Sin Nombre virus in the US and a liability of Sin Nombre virus to cause 

overt and recognizable disease rather than subclinical infection.

The information on occupational risks may become valuable when in future 

vaccine trials, risk groups are to be defined. Efforts to develop an appropriate, 

effective, and safe hantavirus vaccine are presently undertaken (197-199).

40



Discussion

Besides defining an occupational risk group, our study on farmers (HI) 

elucidated another aspect of the epidemiology of Puumala virus. The study 

comprised farmers and referent subjects also from the southern, nonendemic 

part of Sweden. Altogether, only 2/459 persons from this part of the country 

had antibodies. For at least two reasons, this study was a real test of the 

assumption, based on clinical reports (96) and previous seroprevalence data in 

humans and rodents (122), that the risk of acquisition of Puumala virus 

infection is restricted to northern and central Sweden. Firstly, a rural study 

population was selected. Moreover, serology is a preferred method for the 

purpose. Antibodies to Puumala virus are known to endure for years and in at 

least some cases up to several decades after past infection (80, 185, 200). 

Altogether, the study (El) defined a risk occupation for acquisition of Puumala 

virus infection and verified that in Sweden, the risk is well restricted to central 

and northern parts of the country.

To gain further information relevant to better understand the distribution of 

Puumala virus and thereby the risk of acquisition of infection, serological 

studies in C. glareolus were performed (V). Such studies from Fennoscandia 

had nicely shown the presence of an overall correlation between annual 

variation in density of C. glareolus and incidence of NE (55, 80, 136, 137). The 

presence of variations within local areas of an endemic region was less well 

known. The study of paper V focused on households recently afflicted with NE. 

The density of the population of C. glareolus and the prevalence of antibodies 

were found to be higher in the vicinity of these houses than in control areas 

randomly selected 10 km apart.

The reason for finding a higher seroprevalence in areas with higher rodent 

density is unknown. We discussed the possibility that a high rodent density may 

allow more effective spread of the virus within the population (V). A curve- 

linear relationship between densities of seropositive and seronegative animals
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was found and we tentatively suggested that a threshold in population size 

needs be exceeded for effective spread of the virus to occur. Puumala virus is 

most probably spread by aerosols (112, 113) and a high density of rodents 

should facilitate such transmission. Also in this respect, the present data are in 

accordance with previous data on larger geographic scale in the county (137). 

The authors of that study found a correlation between rodent density in the 

autumn and the seroprevalence among the animals the following spring. 

Furthermore, the present study was in agreement with a study on the 

seroprevalence among rodents to Sin Nombre virus (201). In that study, the 

seroprevalence also varied widely within short geographic distances indicating 

that the infection occurs in foci.

Results of study V thus indicated that the chance to find seropositive C. 

glareolus may be increased in the near environment of a household recently 

afflicted with NE. In line with this, our attempts to amplify Puumala virus RNA 

from lungs of the present animals have been successful only on rodents of case 

but not on those of control areas (Alexeyev et al., unpublished). Moreover, 

isolation attempts were successful only on animals from the case areas. 

Altogether, only a minority of seropositive C. glareolus of the present material 

showed signs of current infection (Alexeyev et al., unpublished). The results of 

that study suggested that the degree of contagiousity may vary among 

seropositive animals and did thus somewhat contradict the current paradigm 

that the presence of antibodies implicates a more general persistence of virus 

and contagiousity.

In terms of viral spread, human infection is believed to represent endstage 

infection in hantaviral disease. The virus is believed to circulate within its 

rodent reservoir and animal secreta to be the only source of human infection. 

Until more evidence is generated, the implications of occasional reports of cases 

with apparent person-to-person transmission of HPS in Argentina (147) are not
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easily evaluated. From the vast experience on NE there is, to my knowledge, no 

such outbreak or even case reports known. A person-to-person transmission of 

Puumala virus is also contradicted by the observation in the present studies (I), 

that medical personnel had even a sligthly decreased prevalence of Puumala 

virus antibodies.

It is of interest for basic biological reasons but also in practical risk 

evaluation to understand the susceptibility of viruses in various mammals. As 

far as Puumala virus is considered, such studies have comprised rodents mainly. 

Serological studies indicate that rodent species other than C. glareolus, the 

reservoir host of the virus, may indeed become infected. In various studies, anti- 

Puumala virus antibodies have been found in much higher percentages of C. 

glareolus than of rodents of other species (123, 137, 202,V). Similar spread 

outside the reservoir host has been reported concerning Sin Nombre virus (124, 

203). Although reservations should be made with regard to cross reactivity to 

still unrecognized hantaviruses, one possible interpretation of these results is 

that rodents other than the reservoir host are occasionally infected with a given 

hantavirus but do not further spread the virus within its population.

With these thoughts in mind we were pleased to be able to investigate serum 

samples collected from live wild living moose sampled in Puumala-endemic as 

well as nonendemic parts of Sweden (VI). The moose is an ecologically well 

characterized animal and we had data on the exact geographic localization of 

sampling, age, gender, and family relation. We obtained convincing evidence of 

past Puumala virus infection in 5/260 animals from the endemic and from 0/167 

animals from nonendemic parts of the country. The evidence was based on 

ELISA, IFA, and neutralization tests. The ELISA included tests towards the 

nucleocapsid protein of five different hantaviruses and all five animals showed 

a pattern of reactivity compatible with a response to Puumala virus. No family 

relation and no close geographic relation was found among seropositive
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animals. Altogether, the results would be well compatible with endstage 

infection.

The sporadic occurrence of Puumala virus antibodies in rodents other than 

reservoir rodents, in man, and in moose suggests that the susceptibility to 

Puumala virus may be widely conserved among mammals. This is in 

accordance with reports on Asian serotypes of hantavirus, in which antibodies 

have been demonstrated in samples from several small and medium-sized 

animals such as cats, dogs, and pigs (3, 204-208). In conclusion, we here 

presented evidence of past Puumala virus infection in the Swedish moose. The 

data added to a growing body of information indicating that a wide variety of 

mammalian species besides the reservoir host may be susceptible to hantavirus 

infection. A relatively low seroprevalence in these mammals may suggest that 

they usually acquire endstage infection and that they are of less importance to 

maintain an enzootic transmission circle.

The present results may become of value in further studies on the clinical 

expression of Puumala virus infection. Based on the present seroprevalence 

figures, the majority of all infected subjects seem not be clinically recognized. 

Now when a relatively cheap but still valid ELISA is available, it seems wise to 

liberally include hantavirus serology in diagnostics of unclear infectious 

diseases in the endemic region.

Our data also gave information which may be potentially valuable when 

trying to identify novel hantaviruses in the region. The evidence of specific 

hantavirus-rodent associations is today strong and new matching pairs of virus- 

rodent species are currently reported both from the Euroasian and the American 

continents, more or less in relation to human disease. Both in the randomized 

population study (II) and the study on farmers and referent subjects living in 

rural areas (HI), we applied a battery of antigens representing different
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hantaviruses and did indeed find aberrant patterns of reactivity among the sera. 

At the present stage, the data do, however, only suffice to suggest an awareness 

of the possibility that so far unrecognized types of hantavirus may occur also in 

Sweden. A finding which somewhat weakens the possible relevance of the 

aberrant reactivity patterns in serum samples from Sweden (II, IH, VI) is that 

serological cross reactions of patients with ME tend to increase with time after 

onset of disease (Elgh et al., unpublished).

Future studies on Puumala virus epidemiology should gain from a 

possibility to isolate the virus from humans, as here reported (VII). On the gene 

level, there is a heterogeneity among strains of hantaviruses of one and the same 

serotype. The present isolate showed a higher degree of homology to rodent 

strains of Puumala virus isolated in the same county of Sweden than to a rodent 

strain from Finland. Such a relation between homology and geographic 

occurrence has recently been found in investigations of strains isolated from 

rodents in Fennoscandia and utilized when trying to describe historical events 

such as postglacial migration patterns (20, 181, 209, Lundkvist et al., 

unpublished). Due to difficulties related to the isolation of Puumala virus from 

clinical samples, it has, however, not been possible to compare strains from 

humans with those from rodents. A first evidence is now present that in 

similarity to strains from Russia and a strain from France, also the Scandinavian 

strains of Puumala virus may be propagated by use of cell culture.

Puumala virus is highly endemic in Fennoscandia. Since the virus is 

relatively low-virulent, studies of epidemiological and ecological aspects are 

eligible. Such studies may generate data relevant to hantaviruses in other parts 

of the world, viruses which are not readily studied due to risks associated with 

field work.
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Conclusions

CONCLUSIONS

• Serological evidence indicated that in Sweden, Puumala virus infection 

among humans is firmly restricted to the northern and central parts of the 

country.

• In the northern part of Sweden, the prevalence of antibodies to Puumala virus 

increased with age and in total, the adult population had a prevalence of 6- 

9%. There was no difference in prevalence between males and females, 

which was remarkable in face of clinical reports indicating a male:female 

ratio of Puumala virus infection of > 2:1.

• In spite of a sparsity of clinical reports in the literature, 32 children with 

Puumala virus infection were identified. They presented with a clinical 

picture similar to that of adults.

• An occupational risk of acquisition of Puumala virus infection was 

demonstrated insofar as farmers of endemic areas had a higher prevalence of 

specific antibodies than that of matched referents from the same areas.

• Within the Puumala virus-endemic northern part of Sweden, local variations 

were found in the prevalence of Puumala virus antibodies among bank voles. 

A correlation was found between density of voles and prevalence of 

antibodies, which may possibly suggest that a threshold in population size 

needs to be exceeded before an effective spread of Puumala virus in the 

rodent population may occur.

• Serological evidence of past Puumala virus infection was found in 5/260 

moose originating from endemic areas, indicating that the virus may spread 

to wild living mammals other than rodents.

• The present investigations validated the usefulness of a newly developed 

ELISA based on recombinant nucleocapsid peptides of hantaviruses.
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Moreover, a step forward was taken towards refined diagnostic and 

epidemiological methods when Puumala virus was, for the first time, 

successfully isolated from a Scandinavian patient.
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