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Introduction: Nephropatia epidemica (NE), a relatively mild form of hemorrhagic fever with renal syndrome

caused by the Puumala virus (PUUV), is endemic in northern Sweden. We aim to study the risk factors

associated with NE in this region.

Methods: We conducted a matched case�control study between June 2011 and July 2012. We compared

confirmed NE cases with randomly selected controls, matched by age, sex, and place of infection or residence.

We analyzed the association between NE and several occupational, environmental, and behavioral exposures

using conditional logistic regression.

Results: We included in the final analysis 114 cases and 300 controls, forming 246 case�control pairs. Living in

a house with an open space beneath, making house repairs, living less than 50 m from the forest, seeing

rodents, and smoking were significantly associated with NE.

Conclusion: Our results could orient public health policies targeting these risk factors and subsequently

reduce the NE burden in the region.
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H
antaviruses are rodent-borne, enveloped RNA

viruses of the family Bunyaviridae, and each han-

tavirus is carried by a specific rodent, chronically

infected. When transmitted to humans, Old World hanta-

viruses cause hemorrhagic fever with renal syndrome

(HFRS) while New World hantaviruses cause hantavirus

pulmonary syndrome (HPS) (1).

Nephropatia epidemica (NE) is a relatively mild form of

HFRS, caused by Puumala virus (PUUV), a hantavirus

carried naturally and shed by the bank vole (Myodes

glareolus) (2). Transmission of the virus to humans occurs

mainly through the inhalation of infectious aerosols gen-

erated from saliva, urine, and/or feces of the bank vole (3).

The incubation period varies between 2 and 6 weeks.

Typical symptoms of NE include headache, fever, nausea,

vomiting, myalgia, back pain, and signs of renal failure.

Ophthalmological and neurological disturbances might

also occur in acute NE (4). While 80% of the infections

are asymptomatic, some patients may suffer long-term

sequelae, such as hypertension or impaired hypophyseal
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function. Up to 5% of the infected patients may develop

severe disease requiring hospitalization and hemodialysis

(5). The NE diagnosis is based on detection of IgM anti-

bodies to PUUV. After the infection antibodies arise

within 6 days of illness (6). Infection is thought to leave

life-long protection (5).

PUUV and NE are very common in Finland, northern

Sweden, Estonia, the Ardennes forest region (Belgium

and France), parts of Germany, Slovenia, and parts of

European Russia (7). Local geographical and meteorolo-

gical factors influence the bank voles’ dynamics and NE

epidemiology leading to large yearly variations in the

number of cases (5, 8). Although environmental factors

influence the bank vole population dynamics and beha-

vior, risk factors for hantaviral disease transmission to

humans also depend on human proximity, behavior, and

land-use patterns. Previously described risk factors for

PUUV infection in Europe are: having seen small rodents,

cleaning utility rooms or visiting forest shelters, spending

time in forests, living in a home less than 100 m from the

forest, handling firewood, and smoking (1, 9�11).

Until now, PUUV is the only hantavirus known to occur

endemically in Sweden (12). NE is a mandatory notifiable

disease, cases being reported in the national electronic

surveillance system at the Swedish Institute for Com-

municable Disease Control (SMI). Each case is notified

through a clinical and a laboratory report linked by a

unique identifier. Approximately 90% of all NE cases in

Sweden are reported from the four northernmost counties:

Västerbotten, Norrbotten, Västernorrland, and Jämtland,

a region hereafter referred to as northern Sweden (Fig. 1).

In this area, NE is the most prevailing serious febrile viral

infection among adults, second only to influenza (13).

At the national level, the annual reported number of cases

in the last decade varied between 48 (2012) and 2,193

(2007), giving an incidence of 0.50�23.92 cases/100,000 (14).

During the most recent NE outbreak in 2007, 1,964 out of

2,193 cases (89.5%) were registered in the northern region.

A study performed in 1994 indicated an NE sero-

prevalence of 5.4% in Norrbotten and Västerbotten. The

same study revealed that approximately one in eight

PUUV infected individuals developed a disease severe

enough to seek medical attention (15). To date, only

limited knowledge is available regarding individual risk

factors for acquiring NE in Sweden and about the effect of

using preventive measures. The current recommendations

which have been advocated for several years and advertised

in local media by the county medical offices (CMOs) in the

four counties in the months preceding the study were:

avoid direct contact with bank voles, use gloves when

cleaning or touching areas where rodents may have been,

cleaning with wet rather than dry methods to avoid raising

dust, rake grass only after rain, and use facial mask when

being exposed to risk of transmission (16�18).

We aimed to identify specific risk factors in order to

guide public health policy towards actions targeted on

reducing NE incidence and disease burden in affected

counties. We also aimed to investigate if recommended

protective measures prevent an individual from becoming

infected.

Methods
We performed a matched case�control study between July

2011 and June 2012. The study period was chosen in order

to follow cases registered during an entire year. We used the

following case definition: any person 16 years or older,

living in northern Sweden, diagnosed and notified to SMI

as laboratory-confirmed acute NE (positive test for IgM

anti-PUUV), and without a history of traveling abroad

6 weeks prior to onset of symptoms. We used a web-based

population registry to randomly select six controls for each

case, matched by sex, age (9 5 years), and the same five-

digit postal code as the stated place of infection. When

the place of infection was unknown, controls were selected

from the same postal code as the residence address of the

case. Lists with cases and controls were prepared by SMI

and sent to the regional CMOs on a monthly basis for them

Fig. 1. The NE incidence in Sweden in the study period (June

2011�July 2012).
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to contact the cases and controls and send the material

described below.

Postal standardized questionnaires asking about expo-

sure to specific risk factors for NE and potential preventive

measures were sent together with an invitation letter

to participate in the study. The questionnaire enquired

about possible exposures 6 weeks prior to the symptom

onset for cases and 6 weeks prior to receiving the ques-

tionnaire for controls. In the questionnaire, we also in-

cluded enquiries about occupational or recreational

exposures, type of residence, distance between residential

house and forest, contact with rodents or rodent drop-

pings, as well as cleaning summer houses or annexes. As a

potential preventive measure, we investigated cases and

controls about the use of respiratory protection, washing

hands, and wearing gloves while performing various

activities considered as a risk for acquiring NE.

We calculated matched odds-ratio (mOR) with 95%

confidence interval (95% CI) using conditional logistic

regression. A priori selected possible confounders, statis-

tically significant variables and variables with p values less

than 0.2 in the bivariable analysis were included in the

multivariable conditional logistic regression model in order

to estimate the adjusted odds-ratio (aOR). All analyses were

performed using STATA 12 (Stata Corp USA).

In order to minimize the misclassification of controls

due to asymptomatic disease, we also sent them an in-

vitation to test for the presence of antibodies anti-PUUV.

Blood samples were collected by the local or regional

laboratories and sent to the SMI laboratory. Detection

of hantavirus-specific IgM and IgG antibodies tests was

performed using either native antigen or a recombinant

antigen produced in the baculovirus expression system:

bac-PUUV-N based on PUUV, strain Sotkamo (19).

Acute-phase serum samples were analyzed for PUUV-

specific IgM using m-capture ELISAs as described earlier

(20). Goat anti-human IgM serum (Cappel), diluted in

coating buffer (0.05 M carbonate buffer, pH 9.6) was

incubated to microtiter plates over night at room tempera-

ture. Patient and control sera diluted 1:200 in ELISA

buffer (PBS with 0.05% BSA and 0.05% Tween-20) were

incubated in duplicate wells. PUUV baculovirus-expressed

N antigen was added, subsequently followed by the han-

tavirus cross-reactive anti-PUUV bank vole Mab 1C12

(21), conjugated to horseradish peroxidase (HRP). All

incubations (100 ml in each well) were performed for 1 h at

378C and plates were washed five times between each step.

Specific antibody binding was detected by TMB substrate.

The cut-off value for positive samples was set at optical

density (OD) of 0.150450.

Hantavirus IgG ELISA based on Mab-captured native

PUUV N antigen was performed essentially as described

previously (22). Briefly, microtiter plates were coated with

the hantavirus N-reactive Mab 1C12 (21) at 4 mg/ml, and

incubated overnight at 48C. All subsequent incubations

were for 1 h at 378C and plates were washed five times

between each step. After blocking of unsaturated binding

sites with 3% BSA in PBS, viral antigens were added,

followed by serum samples (diluted 1:400) in duplicate

wells in both antigen-sensitized and control wells. Goat

anti-human IgG (g-chain specific) alkaline phosphatase

conjugate (Sigma Chemical Co., St. Louis, MO) was

added. Hantavirus-specific IgG was detected by Sigma

104† phosphatase substrate and ODs were measured at

405 nm after 30 min incubation at 378C. All absorbances

were adjusted according to a late convalescent standard

control positive serum, for which the mean OD value of

duplicate wells was set to 1.000. Background ODs for

the control wells were reduced from the OD in wells incu-

bated with the viral antigen. The cut-off value for positive

samples was set at OD�0.100.

The study was approved by the Swedish ethical com-

mittee in June 2011 (number Dnr2011/819-31/3).

Results
Between July 2011 and March 2012, a total of 171 NE

cases from northern Sweden were reported to SMI (14).

The disease incidence for the study period is presented in

Fig. 1. Five cases were excluded from the study for being

younger than 16. We invited 166 cases and 996 randomly

chosen controls to participate in the study.

A total of 123 cases (74% response rate) and 379

controls (38% response rate) sent back the questionnaires.

Overall 197/379 (52%) controls provided a blood sample

for testing for the presence of IgG antibodies anti-PUUV;

46/197 (23%) were excluded from further analysis for

being either positive (34/46) or inconclusive (12/46).

Of the 34 controls positive for IgG anti-PUUV (17.3%

seroprevalence among tested controls), 68% were female

and the median age was 64 (range 41�79). The distribu-

tion of the positive controls was almost uniform: nine

in both Jämtland and Västernorrland and eight in

Norrbotten and Västerbotten respectively. Furthermore,

33 controls and nine cases were excluded due to a history

of traveling abroad. In the final analysis we included

114 cases and 300 controls.

Overall, 62/114 cases (54%) and 162/300 controls (54%)

were males. The median age for cases was 56 years (range

18�87) and 58 years (range 18�85) for controls (Fig. 2).

Most of the cases included in the study were reported

from Västerbotten and Norrbotten: 49/114 (43%) and

30/114 (30%), respectively. The geographical distribution

of controls replying to the questionnaire was similar, with

higher percentages for the two aforementioned counties;

however, no differences were found between the four

regions regarding the proportion of cases and controls

included in the study (Table 1).

Regarding the disease severity, 62/114 (54%) cases

included in the study were hospitalized, with 5 days

median hospitalization time (range 1�15).
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For the statistical analysis, 246 case�control pairs were

available. The case�control ratio varied from 1:1 to 1:6. In

the bivariable analysis, we identified occupational risk

factors like mowing the lawn, pulling weeds, and making

house repairs as significantly associated with NE (Table 2).

We also found the following as environmental risk factors:

living in awooden summer house, living less than 50 m from a

forest and living in a house with an open space beneath. In

terms of rodent presence in human proximity we found that

noticing rodents and noticing rodent droppings was sig-

nificantly associated with the disease. Also, cleaning rodent

droppings appeared to be associated with NE. Other risk

factors for NE were visiting a summer house, vacuuming and

dry-sweeping a summer house, and using a chainsaw. We also

identified several risk factors that appeared to be protective:

living in a house made of bricks or stone, living in a house

with a concrete foundation and having knowledge of NE.

In terms of potential preventive measures, only 4/50

(8%) of cases and 2/79 (2%) of controls stated they al-

ways used a mask while cleaning rodent droppings, while

none of the cases reported always wearing a mask when

mowing the lawn, compared to one control out of 55 (2%)

(p�0.617). Similar proportions of cases and controls

stated always using gloves while mowing the lawn (28%

vs. 31%, p�0.322). Overall, fewer cases stated that they

always wore gloves while doing house repairs, compared to

the controls (40% vs. 53%, p�0.294) (Table 3).

Variables having a p value lower than 0.2 in the

bivariable analysis were included in the multivariable

conditional logistic regression model, except for living in

a house made of bricks or stone, living in a house with a

concrete foundation, and having knowledge of NE, which

were excluded because of the low number of exposed cases.

The model revealed that cases were 11 times more likely to

have been making house repairs during the previous

6 weeks compared to the controls (p�0.014), four times

more likely to have lived in a house with open space

beneath it (p�0.012), and almost three times more likely

to have lived less than 50 m from a forest (p�0.043),

compared to controls (Table 4). Regarding the rodent

presence in the human proximity, cases were almost seven

times more likely to have seen rodents more than 4 days

each week compared to controls (p�0.008). In terms of

behavioral risk factors, we found that the cases were almost

six times more likely to have been smoking compared to

controls (p�0.017).

Fig. 2. Age and sex distribution of cases and controls, NE study, Sweden 2011�2012.

Table 1. Distribution of cases and controls by reporting county, NE study, Sweden 2011�2012

Västerbotten Norrbotten Västernorrland Jämtland Total

Cases reported in SmiNet 59 50 34 28 171

Cases included in analysis 49 30 20 15 114

Controls included in analysis 124 79 47 50 300
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Discussions and conclusions
This study provides the first evidence on risk factors for

NE in the Swedish setting and describes two previously

unidentified risk factors, that is, making house repairs

and living in a house with an open space beneath. These

risk factors are consistent with the known transmission

route of PUUV, as having an open space beneath the

house may facilitate for rodents to come in proximity to

humans. Also, doing house repairs by tearing down a wall

or reaping open the house’s floor may facilitate dust

carrying virus particles becoming airborne. The study

also confirmed previously identified risk factors docu-

mented in studies from other countries: living close to the

woods (9), seeing rodents frequently, and the presence of

rodents in proximity to humans (9, 10).

In addition to identifying new risk factors, and con-

sistent with a previous report, we found that smoking

was associated with a higher risk of becoming a case (1).

The reason for this has not been investigated, but it

seems likely that damage to the respiratory tract caused

by smoking makes smokers more vulnerable to infection.

Further studies are needed in order to describe the reasons

why smoking represents an NE risk factor.

All the risk factors we identified, with the exception of

smoking, are directly or indirectly related to bank voles

living in proximity to humans. Several traditional risk

Table 2. Matched odds-ratios (mOR) with 95% confidence intervals (95% CIs) and p value through conditional logistic regression for

various exposures, Sweden 2011�2012

Cases Controls

Exposure n/N (%) n/N % mOR (95% CI) p

Occupational risk factors

Mowing the lawn 43/106 41 57/267 21 5 (2.3�11) B0.001

Vacuuming a summer house 24/69 35 21/190 11 4.7 (1.8�12) 0.001

Making house repairs 20/110 18 21/296 7 3.6 (1.5�8.6) 0.003

Visiting a summer house 51/113 45 94/299 31 2.2 (1.2�3.8) 0.004

Pulling weeds 29/106 27 51/267 19 2.7 (1.3�5.6) 0.005

Using a chainsaw 17/114 15 18/299 6 2.7 (1.2�5.8) 0.012

Dry-sweeping a summer house 25/62 40 27/157 17 3.6 (1.3�9.6) 0.012

Spending free time in the woods 89/114 78 197/298 66 1.9 (1.03�3.5) 0.037

Carrying wood 77/113 68 177/278 59 1.4 (0.8�2.4) 0.198

Farming 16/109 15 26/291 9 1.6 (0.8�3.5) 0.203

Working in the woods 38/111 34 86/295 29 1.2 (0.7�2.2) 0.435

Cutting wood 38/113 32 87/299 29 1.2 (0.6�2) 0.627

Raking leaves or grass 26/106 25 66/267 25 1.1 (0.6�2) 0.825

Working with hay 13/111 12 22/294 7 1 (0.4�2.6) 0.897

Environmental risk factors

Living in a wooden summer house 28/114 25 22/300 7 4.8 (2.2�10.2) B0.001

Living in a house with open space beneath 59/102 58 78/276 28 4.4 (2.4�8.1) B0.001

Living in a house with concrete foundationa 9/102 9 86/276 31 0.16 (0.07�0.4) B0.001

Living less than 50 m from a forest 75/112 67 132/293 45 2.4 (1.4�4.1) 0.001

Living in a house made of brick or stonea 4/114 4 28/300 10 0.14 (0.03�0.65) 0.011

Rodent related risk factors

Noticing rodents 53/114 46 51/298 17 6.7 (3.4�13.4) B0.001

Noticing rodent droppings 57/114 50 54/298 18 7.6 (3.7�15.4) B0.001

Cleaning rodent droppings 61/113 54 90/296 30 2.8 (1.6�4.8) 0.000

Using rodent traps 36/114 32 63/295 21 1.6 (0.9�2.9) 0.093

Using rodent poison 10/114 9 21/295 7 1.2 (0.5�2.8) 0.750

Other risk factors

Previous knowledge about NEa 30/35 85 285/298 96 0.14 (0.03�0.8) 0.027

Owning a cat 27/112 24 95/299 32 0.6 (0.8�1.1) 0.080

Smoking 24/110 22 42/296 14 1.6 (0.8�2.9) 0.172

aVariable not included in the multivariable model.

n�cases exposed; N�total cases replying to the question.
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factors like using rodent traps, noticing rodent droppings,

or cleaning rodent droppings were not associated with

NE, perhaps due to un-documented protective measures

that people might take. Previous studies have documented

visiting a forest shelter as a risk factor for NE (10, 23).

Although significant in the bivariable analysis, staying

or visiting a summer house 6 weeks prior to the onset of

disease was not identified as a risk factor in the multi-

variate model. This could indicate that residents in the

investigated counties of Sweden are more likely to be

exposed to PUUV in their permanent residence or during

other activities, than when visiting or cleaning a summer

house. This finding seems to be concordant with the one

described in a previous study in Sweden, in a cohort of

862 confirmed NE cases. Among them, 54% stated the

year-round residence as possible place of infection, while

only 28% stated a holiday house (13). This is likely since

bank voles’ population dynamics and behavior have been

described in close interaction with highly populated areas

in northern Sweden (2).

To the best of our knowledge, no study so far has

aimed to identify the individual protective measures

against NE. We intended to gather information about

behaviors that were believed to be protective and there-

fore recommended (e.g. wearing a mask during certain

activities, washing hands, wearing gloves, or wetting the

floor before cleaning closed spaces), but we also tried to

identify if other actions could play a role in preventing

persons from acquiring NE. In the present study, controls

stated in a higher percentage that they were more aware

of NE (95%) compared to cases (85%). However, a large

percentage of cases did not answer whether they had

previous knowledge regarding the disease before onset of

their disease. We either could not perform statistical

analysis to test the protective role of any preventive

measures due to small sample size, or we did not observe

any difference between cases and controls in terms of up-

taking preventive measures. The small number of people

using protective equipment might indicate that the

population was not aware of the recommended protective

measures despite the aforementioned information cam-

paigns, that their trust in the potential protective effect

was limited, or that that they found the advice to be

impractical or inconvenient.

When looking only at individual risk factors, living the

last 6 weeks in a house with a concrete foundation, or in a

house made of stone or bricks, appeared to be protective.

We could not test their significance in the multivariable

model due to the small sample size; however, one might

consider that their protective role could be explained by

the lower possibility for rodents to enter the buildings and

to come in proximity to humans. This would make sense

since having an open space beneath the house was found

to be a significant risk factor for getting infected by

PUUV.

We found that the seroprevalence of IgG anti-PUUV

among the tested controls was 17.3%. Although this fin-

ding could be the result of over-matching, it still raises the

Table 3. Descriptive data on potential preventive measures, NE case�control study, Sweden 2011�2012

Always �50% B50% Never

Potential preventive measure Cases Controls Cases Controls Cases Controls Cases Controls

Wearing mask when doing

repairs (N�34)

3/16

(19%)

1/18

(6%)

2/16

(12%)

2/18

(11%)

1/16

(6%)

3/18

(17%)

10/16

(63%)

12/18

(66%)

Wearing mask when cleaning

rodent droppings (N�129)

4/50

(8%)

2/79

(3%)

1/50

(2%)

1/79

(1%)

4/50

(8%)

5/79

(6%)

41/50

(52%)

71/79

(90%)

Wearing mask when mowing the

lawn (N�97)

0/42

(0%)

1/55

(2%)

2/42

(5%)

1/55

(2%)

1/42

(2%)

2/55

(4%)

39/42

(93%)

51/55

(92%)

Wearing gloves when doing

repairs (N�32)

6/15

(40%)

9/17

(53%)

6/15

(40%)

3/17

(18%)

1/15

(7%)

2/17

(11%)

2/15

(13%)

3/17

(18%)

Wearing gloves when cleaning

droppings (N�128)

26/52

(50%)

35/76

(46%)

7/52

(13%)

13/76

(17%)

10/52

(20%)

15/76

(20%)

9/52

(17%)

13/76

(17%)

Wearing gloves when mowing

the lawn (N�96)

7/42

(28%)

17/54

(31%)

7/42

(28%)

9/54

(17%)

12/42

(28%)

9/54

(17%)

16/42

(38%)

19/54

(35%)

Washing hands after doing

repairs (N�35)

8/16

(50%)

6/19

(31%)

5/16

(31%)

3/19

(16%)

2/16

(13%)

6/19

(31%)

1/16

(6%)

4/19

(22%)

Washing hands after cleaning

droppings (N�138)

39/57

(68%)

45/81

(56%)

7/57

(12%)

13/81

(16%)

8/57

(14%)

18/81

(22%)

3/57

(6%)

5/81

(4%)

Washing hands after mowing

the lawn (N�97)

6/43

(14%)

19/54

(35%)

11/43

(26%)

16/54

(29%)

22/43

(51%)

14/54

(26%)

4

(9%)

15/54

(10%)

N�number of valid replies from cases and controls.
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question about the true prevalence of antibodies anti-

PUUV in the general population in northern Sweden. The

only previously existing estimate on this seroprevalence

(5.4%) was described in an investigation from 1990,

showing also that the seroprevalence was higher in older

people, farmers, and forestry workers (15).

Our study has some limitations. We aimed to describe

the NE risk factors during a whole year, from July 2011

to June 2012. Due to absence of cases, we were forced to

terminate the study data collection in March 2012. Recall

bias might have been present due to the time delay

between the time when a person got infected and received

the questionnaire. We cannot exclude the existence of

residual confounding due to risk factors that we did not

introduce in the model, and this might have influenced

our results. Another limitation that might be considered

is the low response rate among the controls, although this

was partially compensated by the number of controls

selected for each case. Moreover, not all of the controls

agreed to be tested for the presence of IgG anti-PUUV.

Due to a small sample size we had to include controls

that had not been tested and therefore we may have

included undiagnosed infections in the final analysis. This

might have biased our results due to misclassification of

cases and may have lessened our chances of finding an

association if there was one.

This study has increased our knowledge about risk

factors for NE in Sweden. Although the results are limited

to conditions in northern Sweden, it is likely that many

of the findings have universal importance in affected areas.

Unfortunately, the study did not have enough power to

provide an evidence base for the recommendations about

preventive measures that are given today. As we think

that this is important, we would like to encourage more

studies on this. In the meantime, we think that the new

risk factors identified in this paper should be added to

the current information on risk factors and that recom-

mendations on preventive measures should take these

into consideration, for example on guidance when build-

ing or refurnishing houses. Furthermore, a new seropre-

valence study aiming at determining the anti-PUUV

prevalence among the general population in affected areas

could add important knowledge about the NE transmis-

sion, as our study suggests that it may be higher than

previously described.
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