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ORIGINAL ARTICLE

Early diagnosis of Hantavirus infection by family doctors can
reduce inappropriate antibiotic use and hospitalization

ALETTE BRORSTAD!?, KRISTINA BERGSTEDT OSCARSSON!? & CLAS AHLM?

1 Primary Care Centre in Pited, County of Norrbotten, and *Division of Infectious Diseases, Department of Clinical Microbiology,
Umea University, Sweden

Abstract

Objective. Hantavirus infections are emerging infections that cause either Hantavirus pulmonary syndrome or haemorrhagic
fever with renal syndrome (HFRS). A recent Swedish outbreak of nephropathia epidemica, a European HFRS, was analysed
to study the patient flow and clinical picture and to investigate the value of an early diagnosis in general practice. Design.
In a retrospective design, medical records of verified cases of Hantavirus infection were studied. Serzing. The study was
conducted in the county of Norrbotten, Sweden. Subjects. Data from Hantavirus patients diagnosed between 2006 and
2008 were analysed. Main outcome measures. Demographic data, level of care, treatment, clinical symptoms, and laboratory
findings were obtained. Results. In total, 456 cases were included (58% males and 42% females). The majority of patients
first saw their general practitioner and were exclusively treated in general practice (83% and 56%, respectively). When
diagnosed correctly at the first visit, antibiotics and hospitalization were significantly lowered compared with delayed diag-
nosis (14% vs. 53% and 30% vs. 54%, respectively; p < 0.0001). The clinical picture was diverse. Early thrombocytopenia
was found in 65% of the patients, and haemorrhagic manifestations were documented in a few cases. Signs of renal involve-
ment — haematuria, proteinuria, and raised levels of serum creatinine — were found in a majority of patients. Conclusions.
Raised awareness in general practice regarding emerging infections and better diagnostic tools are desirable. This study
of a Hantavirus outbreak shows that general practitioners are frontline doctors during outbreaks and through early and
correct diagnosis they can reduce antibiotic treatment and hospitalization.
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Hantavirus infections are rodent-borne zoonoses
that are globally recognized as emerging infections
with cyclic outbreaks. Hantaviruses cause two sig-
nificant human syndromes: haemorrhagic fever with
renal syndrome (HFRS) in Europe and Asia and
Hantavirus pulmonary syndrome (HPS) in the
Americas. The American form of Hantavirus infec-
tion is a serious cardiopulmonary illness caused by
Andes and Sin Nombre viruses that have a case-
fatality rate of up to 40% [1-3]. In Asia and Southern
Europe, HFRS is caused by Hantaan, Dobrava, and
Seoul viruses that have a case-fatality rate of up to
10% [4]. In contrast, the predominant form in Central
and Northern Europe, Puumala virus, causes a mild
HFRS — nephropathia epidemica (NE) — with a case-
fatality rate < 0.5%. Bank voles (Myodes glareolus)
are the natural hosts for Puumalavirus, infecting

humans mainly by inhalation of virus from rodent
excreta [5]. Outbreaks occur throughout Europe [6,7].
The incidence of human cases varies in a cyclical fash-
ion, peaking every third to fourth year, coinciding with
peaks in vole populations [8,9]. No transmission
between humans has been proven, but Puumala virus
has been isolated in human saliva [10].

The regular reported incidence rate is approxi-
mately 40 per 100 000 persons per year [9] but the
real rate is considered to actually be seven to eight
times higher, indicating a high number of unrecog-
nized cases [11]. Known risk factors for contracting NE
are agricultural work and activities in peri-domestic
areas such as cleaning and wood handling [12].

Usually, NE is a mild haemorrhagic fever with
symptoms such as fever, back and abdominal pain,
myalgia, headache, vomiting, and oligo- and polyuria
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Globally, Hantavirus infection may occur as
isolated cases or in large outbreaks and many
of these patients are initially seen by family
doctors.

e This study analyses a Hantavirus outbreak
in Northern Sweden. The majority of
patients first saw their general practitioner
and were exclusively treated in general
practice.

e When diagnosed correctly at the first visit,
antibiotics and hospitalization were sig-
nificantly lowered compared with delayed
diagnosis.

e This highlights the importance of family doc-
tors as frontline doctors in outbreaks of
emerging infections. Increased awareness and
diagnostic accuracy among family doctors
can lower the usage of antibiotics and cut
costs for investigation and hospitalization.

[13]. Early laboratory findings are raised levels of
C-reactive protein (CRP), thrombocytopenia, protei-
nuria, and haematuria. In later stages, serum creati-
nine is elevated, with some cases presenting a tenfold
increase compared with reference levels. Despite this,
the treatment of HFRS is mainly supportive and in
Sweden only a few patients undergo haemodialysis.
At present, no vaccine is available. The diagnosis is
verified by serology, i.e. detection of specific IgG and
IgM antibodies to Puumala virus. Point-of-care tests
(POC) for Hantavirus infections are available [14,15].
Nephropathia epidemica is a notifiable disease accord-
ing to the Swedish Communicable Disease Act, mak-
ing monitoring possible. During late 2006 to 2008,
northern Sweden experienced a large outbreak of NE
[11]. During this outbreak, it became obvious that
better diagnostic support in general practice was
desirable. With this study, we aimed to describe the
clinical picture in a larger patient sample, analyse the
level of care, and evaluate the importance of an early
diagnosis of Hantavirus infections.

Material and methods
Study setting and data collection

All verified cases of NE in the county of Norrbotten
during the outbreak (November 2006 to December
2008) were included in the present study. During this
period, 516 patients with serologically verified NE
were confirmed by the Clinical Microbiology Labo-
ratory at Sunderby hospital. Patients’ medical records
were analysed retrospectively. Exclusion criteria were

insufficient records (n = 49) and residence outside
Norrbotten County (n = 2). Furthermore, medical
records of patients treated by private practitioners
(n = 9) were not available for analyses for regulatory
reasons; these patients were excluded.

Finally, 456 cases (88%) were included. A proto-
col was created to extract patient data — date of birth,
sex, number of visits until diagnosis, level of care,
antibiotic treatment, hospitalization, symptoms, and
laboratory results. Because samples were not system-
atically taken, we documented the lowest value of
thrombocytes, the highest value of creatinine, and
C-reactive protein. Haematuria, proteinuria, and
pyuria were noted as positive or negative respectively
without quantification due to varying methods of
analysis.

Statistical analysis

The material was statistically investigated with help
of SPSS 16.0 software (Statistical Package for the
Social Sciences version 16; SPSS Inc, Chicago, IL).
Frequency distribution of categorical variables such
as symptoms, level of care, laboratory findings, sex,
and age were established. The mean length of hos-
pitalization was established. Possible differences
between sexes and age groups (level of care, symp-
toms, and laboratory results) and the connection
between early diagnosis and hospitalization or anti-
biotic treatment were tested by Pearson’s chi-squared
test. The Mann—Whitney U-test was used to com-
pare levels of thrombocytes, creatinine, and C-reac-
tive protein with antibiotic treatment, hospitalization,
and age. P-values of =0.05 were considered signifi-
cant. The study was approved by the University
Hospital of Umeé Ethical Committee.

Results

Figure 1 displays the age and sex distribution of 456
Hantavirus cases in northern Sweden during the
outbreak. Almost half of the patients were between
41 and 60 years of age; male to female ratio was 1.35
(58% vs. 42%).

Notably, a majority of patients had their first
examination in general practice. More than half of
the study population were treated exclusively by GPs;
the rest had consultations in secondary care. In total,
38% were hospitalized. The first half (50%) of the
verified NE cases in our material had a significantly
higher hospitalization rate than patients diagnosed
later during the NE epidemic (43% vs. 34% respec-
tively, p < 0.05).

Figure 2 shows an overview of the study popula-
tion describing the level of care from the first visit in
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Figure 1. Demographic characteristics of 456 cases of Hantavirus infection in northern Sweden October 2006—December 2008.

relation to sex. There was a correlation between
delayed diagnosis, antibiotic treatment, and hospital-
ization. When diagnosed correctly at the first exami-
nation (n = 297) (based on anamnesis together with
clinical picture and laboratory data), antibiotic treat-
ment and hospitalization were significantly lower
compared with the patients who had delayed diag-
nosis (n = 159) (14% vs. 53% and 30% vs. 54%,
respectively; p < 0.0001). Figure 3 illustrates the
documented symptoms extracted from the medical
records. The combination of symptoms and their
intensity varied, and sometimes these symptoms
were interpreted as the result of other diseases such
as urinary tract infection, pyelonephritis, pneumonia,
sepsis, or sinusitis. Males and females had similar
symptoms and frequency of antibiotic treatment
(data not shown).

Thrombocytopenia, haematuria, and proteinuria
were common (Table I). These findings were often
present at the first visit. Serum creatinine peaked later

during the illness. Most patients presented increased
levels of CRP (57% had CRP levels between 50 and
100 mg/L, and 20% had CRP > 100 mg/L). Patients
treated with antibiotics had a significantly higher CRP
value compared with the untreated (p < 0.0001).
Pyuria (15%) was found exclusively among women,
of whom 20% received antibiotics. Thrombocytopenia
(p < 0.0001), elevated levels of S-creatinine (p <
0.0001), and CRP correlated with hospitalization (p
< 0.0001). Among those hospitalized, the mean length
of hospital stay was six nights (1-50 nights). Hospi-
talizations among males were more frequent than in
females (see Figure 2, p = 0.097). The hospitalized
patients were significantly older than the non-hospi-
talized (data not shown) (p < 0.05). Despite creati-
nine levels in many cases being > 1000 umol/L, only
one patient had dialysis. One patient suffered intoxica-
tion by lithium carbonate due to delayed diagnosis.
Two of the hospitalized patients died in multi-organ
failure, which leads to a case-fatality rate of 0.4%.

516 cases of seropositive NE |

——{ 60 cases excluded |

456 cases included |

378 cases (83%) first consult in general practice

l. II. .
253 cases (56%) 125 cases (27%) 78 cases (17%)
solely general practice later secondary care solely secondary care

V.
174 cases (38%) were hospitalized

Figure 2. Overview of Hantavirus patients in relation to level of care in 456 cases of Hantavirus infection in northern Sweden October
2006-December 2008.
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Figure 3. Frequency of various symptoms among 456 Hantavirus patients in northern Sweden October 2006-December 2008.

Discussion

Our main finding was that early diagnosis of the
Hantavirus infection nephropathia epidemica sig-
nificantly reduced inappropriate antibiotic use and
hospitalization. The majority of the patients first saw
their family doctor, indicating that general practitio-
ners are indeed frontline doctors in outbreaks.

This study’s major strength is the large number
of included cases. Most diagnosed patients were aged
41 years or older and there was an overall male pre-
dominance. Seroprevalence studies have shown equal
distribution of antibodies for Puumala virus between
sexes [16]. With our retrospective design, we cannot
explain these differences. Another design bias is the
varying quality of documentation that could misin-
terpret the frequency of symptoms. Furthermore,

laboratory analyses were performed in a heterogenic
manner and at different stages of infection, which
may have contributed to an underestimation of the
frequency of abnormal values.

Our study is, to the best of our knowledge, the
first to examine Hantavirus infections in general
practice. According to studies conducted in second-
ary care, oligo- and polyuria (82% vs. 97%) along
with fever and fatigue are considered to be the main
findings of NE [17]. The general practitioners in
our study captured diverse clinical pictures, with
lower frequencies of oligo- and polyuria (21% vs.
31%). This could be explained by possibly milder
cases in general practice, early examinations with
non-fulminant symptomatology, or may simply be
a bias from the retrospective study design. Hospi-
talization was needed for 38% of patients and was

Table I. Laboratory findings among 456 Hantavirus patients in northern Sweden October 2006-December 2008.

Laboratory finding Reference values

Proportion of patients

Mean (range) with abnormal value

C-reactive protein
S-Creatinine

< 10 mg/L capillary/serum
4 60-105 umol/L
Q45-90 pmol/L

Thrombocytes & 145-348 10%L
Q@ 165-387 10%/LL

Proteinuria Negative

Haematuria Negative

Pyuria Negative

69 mg/L (6-325 mg/L) 92% (n = 420)

254 pumol/L 82% (n = 374)
(44-1303 umol/L)
135 X 10%L 67% (n = 212)
(11-648 X 10°L)
n/a' 77% (n = 350)
n/a' 68% (n = 310)
n/al 14% (n = 65)

Note: 'Not applicable.
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significantly lowered when patients were diagnosed
correctly at the first visit, reinforcing the value of
sharpened diagnostic tools and guidelines.

We found a correlation between thrombocytope-
nia, high levels of creatinine, and hospitalization,
which is probably explained by more clinically affected
patients in the hospitalized group. Compared with
other Hantavirus infections, NE has a low mortality,
but most patients have acute renal impairment. A cor-
rect diagnosis is essential when considering reducing
or pausing anticoagulants and kidney-dependent
drugs, i.e., Metformin, Allopurinol, lithium carbonate,
antipsychotics, and non-steroidal anti-inflammatory
drugs. The use of antibiotics was significantly low-
ered when patients were diagnosed correctly at the
first visit. Overuse of antibiotics and emergence of
resistance have been recognized to be increasing
problems [18-21]. A Cochrane review evaluated
studies of various interventions to improve antibi-
otic prescribing [22]. Case definitions, decision
aids, and rapid tests can help GPs make a correct
diagnosis and consequently reduce prescription of
unnecessary antibiotics [23-25]. There was a sig-
nificantly higher frequency of hospitalization in the
beginning of the NE outbreak. It is not likely to be
the case that the infection was less aggressive over
time; the declining hospitalization rates might be
explained by raised consciousness during the ongo-
ing epidemic.

According to our findings, a decision aid for NE
is proposed (Figure 4) that includes screening for hae-
maturia, proteinuria, and thrombocytopenia in
patients with suspected HFRS. Elevated levels of cre-
atinine can also be a clue to the diagnosis, but are seen
later. We encourage doctors to apply these simple tests

on patients with diffuse illness in endemic areas. To
secure the diagnosis, serology testing is needed, but
may be costly and the results can take several days.
The point-of-care test (POC) for Hantavirus infec-
tion is currently used only in secondary care. Increased
clinical recognition of suspected Hantavirus cases
and the use of POC could improve the diagnostic
accuracy in general practice and consequently lower
the use of antibiotics and cut costs for other investiga-
tions and hospitalization.

We have proposed simple diagnostic tools to con-
firm the diagnosis in subtle cases. Most NE patients
have different levels of renal impairment, but creati-
nine levels usually return to subnormal or normal
levels. However, there is growing evidence of long-
term effects after Hantavirus infections including
hypertension and proteinuria [26-28], indicating
that follow-ups could be valuable and that further
research is desirable.

This study indicates that, in endemic areas, Han-
tavirus infections are important in general practice.
General practitioners are the first care providers
who can discover outbreaks of infections. It is impor-
tant to detect new or emerging infections and syndro-
mic surveillance has been suggested [29]. Increased
awareness among general practitioners and a report-
ing system from family medicine offices could improve
public health.
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Suspicion of nephropathia epidemica or
patient with fever and diffuse symptoms in endemic areas

Urine analysis:

Presence of haematuria
and/or proteinuria

Normal values:

Low possibility of NE,
consider other diagnosis

A 4

Blood sample:

Thrombocytopenia (early finding)
Elevated creatinine (late finding)

A4

High possibility of NE:

Verify diagnosis with
serological testing™

Figure 4. Proposed decision aid for early diagnosis of nephropathia epidemica (NE). *Point-of-care test or serological testing at clinical

microbiological laboratory.
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