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Abstract Tularaemia has mainly been a sporadic disease in
Norway. In 2011, 180 persons (3.7 per 100,000 population)
were diagnosed with tularaemia. This article describes the
epidemiological and clinical features of tularaemia cases dur-
ing a year with exceptionally high tularaemia incidence. Data
from the national reference laboratory for tularaemia com-
bined with epidemiological data from the Norwegian
Surveillance System for Communicable Diseases (MSIS)
were used. The incidence of tularaemia varied greatly between
counties, but almost every county was involved. The majority
(77.8 %) of the cases were diagnosed during the autumn and
winter months. The geographic distribution also showed sea-
sonal patterns. Overall, oropharyngeal tularaemia (41.1 %)
was the most common clinical presentation, followed by
glandular (14.4 %), typhoidal (14.4 %), respiratory (13.3 %)
and ulceroglandular (12.8 %) tularaemia. From January to
April, oropharyngeal tularaemia dominated, from May to
September, ulceroglandular tularaemia was most common,
whereas from October to December, there was an almost even
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distribution between several clinical forms of tularaemia.
Eighty-five (47.2 %) of all tularaemia cases were admitted
to, or seen as outpatients in, hospitals. An unexpectedly high
number (3.9 %) of the patients had positive blood culture with
Francisella tularensis. The clinical manifestations of
tularaemia in Norway in 2011 were diverse, and changing
throughout the year. Classification was sometimes difficult
due to uncharacteristic symptoms and unknown mode of
transmission. In rodent years, tularaemia is an important dif-
ferential diagnosis to keep in mind at all times of the year for a
variety of clinical symptoms.

Introduction

The first human cases of tularaemia in Norway were described
by Thjetta in 1930 [1]. Several reports of tularacmia were
published in the late 1960s and early 1970s [2—4], and since
1979, tularaemia has been notifiable to the Norwegian
Surveillance System for Communicable Diseases (MSIS) at
the Norwegian Institute of Public Health. Apart from an
outbreak in 1984-1985, affecting 57 people in central
Norway, only 0—12 cases of tularaemia were reported annually
from the whole country in the period 1977-2001 (http://www.
msis.no/) [5, 6]. From 2002 onwards, there has been an
increase in the number of cases, with 13—66 cases reported
each year, partly due to several small outbreaks in central and
northern Norway [7-9]. In 2011, a higher number of
tularaemia cases were reported than in any previous year,
with high numbers in some areas where hardly any
tularaemia cases had been reported before. In 2012 and
2013, 50 and 28 tularaemia cases were reported, respectively.
The aim of this study was to describe the nationwide increase
in the incidence of tularaemia in Norway in 2011, with a focus
on the epidemiological and clinical characteristics of the
tularaemia cases.
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Methods
Microbiological investigation

Most tularaemia cases were diagnosed at the national refer-
ence laboratory for tularaemia at St. Olavs Hospital,
Trondheim. This is the only laboratory that offers serological
methods, polymerase chain reaction (PCR) and culture for the
diagnosis of human tularaemia. In addition, some cases were
diagnosed by culture at other laboratories. Cultures from clin-
ical samples suspected or confirmed at the primary laboratory
as Francisella tularensis were submitted to the reference lab-
oratory for confirmation. At the national reference laboratory,
in-house methods for the micro-agglutination (MA) test and
immunoglobulin M (IgM) and IgG enzyme-linked immuno-
sorbent assay (ELISA) were used for the serological diagnosis
of tularaemia, with the ELISA test mainly used as support for
the agglutination test in doubtful or early cases of tularaemia
before a definite diagnosis could be made. The MA test uses
formalin-killed F. tularensis bacteria isolated from a dead hare,
and the ELISA test uses outer membrane antigens as described
by Bevanger et al. [5]. A cut-off titre of >16 was used to define
a positive MA test result, and a titre of >128 as a high titre
interpreted as present disease if linked to clinical symptoms
and/or epidemiological information of tularaemia. The ELISA
lower cut-off was calculated using 1.5% the mean optical
density (OD) values of pooled human sera (PHS) from 30
blood donors. Culture was performed using standard bacteri-
ology media, including cystine heart agar with and without
antibiotics whenever tularaemia was suspected, and incubated
in 5 % CO, at 35 °C for up to 10 days. A real-time TagMan
PCR was used for the detection of £ tularensis both directly
on DNA extracts from patient samples other than serum and
on bacterial cultures. Primers and probes (Table 1) for this
PCR were constructed based on aligned 407-bp sequenced
amplicons of a conventional PCR targeting the ful4 gene
described by Sjostedt et al. [10] from 26 F tularensis strains.
Bacterial cultures suspected to be F. tularensis were confirmed
by PCR, and exclusion of F. tularensis subspecies tularensis
was done by a real-time PCR targeting the pdpD gene, as
described by Tomaso et al. [11].

Case definition and classification

Tularaemia cases were reported to the MSIS based on the case
definitions for confirmed and presumptive cases in the World
Health Organization (WHO) guidelines on tularaemia [12].
The classification of tularaemia was done according to the
same WHO guidelines based on clinical information and
information regarding the transmission mode available from
the physician request form, from phone contact with the
referring physician and from the MSIS.

Demographic data for Norway as of 1st January 2011 for
population by county, municipality, age and gender were
derived from the Statistical Yearbook of Norway 2011,
Statistics Norway (https://www.ssb.no/a/en/histstat/aarbok/
2011 en.pdf). Data on geographic distribution were based
on information on where disease transmission most likely
occurred, or if such information was not available, on the
municipality of residence of each case. The presentation of
data in three time periods were chosen due to the knowledge
of seasonal temperatures and climate in Norway, where May
to September are the months in which tick or mosquito bites
are most likely to occur.

Results

In 2011, 180 cases of tularaemia were reported to the MSIS, of
which 133 (73.9 %) cases were diagnosed by serology alone:
seroconversion (14 cases), four-fold or higher increase in
agglutination titre (20 cases) or a single agglutination titre
>128 (99 cases). Eighteen cases (10.0 %) were diagnosed by
culture: blood (seven cases), wound specimens (nine cases)
and tissue biopsies (two cases). Twenty-nine cases were diag-
nosed by PCR: oropharyngeal specimens (18 cases), wound
specimens (four cases), respiratory specimens (four cases) and
lymph node aspirates (three cases). Presumptive cases of
tularaemia based on a single positive MA titre of >128 or
PCR detection of F. tularensis DNA from clinical samples all
had clinical and/or epidemiological information suggestive of
tularaemia. Eight of the culture-positive cases and 24 of the 29

Table 1 Real-time polymerase chain reaction (PCR) for the detection of Francisella tularensis; nucleotide sequences and experimental conditions *

Primer sequence (5'-3')

Position (GenBank accession no. CP000803)

GTT AGG TGG CTC TGATGATG
CTT ACA CTT CCT TGT GGG TTA

Forward primer
Reverse primer

TaqMan probe

FAM-CTA CTA CTG AGC AAG CTG CTG CTG-BHQ1

389126-389145
389311-389291
389185-389208

#Nucleic acid extraction of patient samples was performed using NucliSENS easyMag. 5 pl DNA template was used together with a mix of 10 ul
PerfeCTa MultiPlex qPCR SuperMix (UNG from Quanta BioSciences, Inc.), 0.5 ul forward primer (12 uM), 0.5 pl reverse primer (12 pM), 0.5 ul
TaqMan probe (8 M) and 3.5 pl H,O. Real-time PCR assay was run on CFX96 (Bio-Rad) and LightCycler 2.0 (Roche), and the conditions employed
were: 45 °C 5 min, 95 °C 3 min, followed by 40 cycles of 95 °C 10's, 55°C 10 s and 72 °C 10°s
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PCR-positive cases were also confirmed by serology. Of the
18 culture-positive cases, all were confirmed as F. tularensis
by the /4 gene PCR, and to not be subspecies tularensis by
PCR for the pdpD gene.

The time from symptom debut to the time of diagnosis was
reported to be approximately 1 week for nine cases, 2—3 weeks
for 52 of the cases, 4—5 weeks for 52 of the cases and more
than 6 weeks for 33 of the cases. For 57 cases, information
regarding the time between symptom debut and diagnosis was
not stated or insufficient. For 14 of the 18 culture-positive
cases, the sample was taken from 1 to 3 weeks after the onset
of symptoms, while for the remaining four cases, the time
interval before sampling was not stated.

Descriptive epidemiology

The 180 cases of confirmed or presumptive tularaemia gives
a case rate of 3.7 per 100,000 population. The gender distri-
bution was 111 men (61.7 %) and 69 women, with a male to
female ratio of 1.6:1. All age groups were affected (range
1.5-88 years), with an age and gender distribution as shown
in Fig. 1.

Tularaemia was reported from all parts of the country, with
cases reported from 85 of 430 municipalities in 18 of 19
Norwegian counties. For 16 tularaemia cases, there was infor-
mation indicating that the location for transmission was dif-
ferent from their residing municipality. Seven of these were
infected within their residing county, seven in a different
Norwegian county and two might have been infected outside
Norway (Sweden and Germany, respectively). The incidence
varied greatly between counties, from 0 to 62.7 per 100,000
population. The highest incidence rates were recorded in the
counties Finnmark (62.7 per 100,000 population), Nord-
Trendelag (15.1 per 100,000 population) and Ser-Trendelag
(14.3 per 100,000 population). Within counties, the incidence
rate varied even more between different municipalities, from 0
to 427 per 100,000 population. From the northernmost county

Fig. 1 Rates of reported

of Finnmark, which is the least densely populated area in
Norway (73,400 inhabitants, 1.5 % of the total population)
and from which only a total of five cases had been reported
previously, 46 cases of tularaemia were reported in 2011. Of
the 180 tularaemia cases, 133 (73.9 %) were diagnosed in the
five northernmost counties, covering only 23.3 % of the
population. Figure 2 shows the incidence rate of tularaemia
in different counties.

Seasonal patterns for the geographic distribution of the
tularaemia cases were as shown in Fig. 3. One hundred and
forty (77 %) of the cases were diagnosed during winter, early
spring and late autumn (January to April and October to
December). From January to April, 57 cases were diagnosed,
51 of whom were from four counties in central Norway.
During the summer and early autumn months, 40 sporadic
tularaemia cases were diagnosed all across the country, with
16 of 19 counties affected. From October to December, 83
cases were diagnosed, with a particularly high number in the
northernmost county, Finnmark, with as many as 44 cases
being diagnosed from October to December.

Clinical presentation varied with season, as seen in Table 2,
and transmission mode varied by clinical presentation, as seen
in Table 3. Oropharyngeal tularaemia was the most common
type overall, with 74 cases (41.1 % of the total). There was an
almost equal number of ulceroglandular, glandular, respirato-
ry and typhoidal tularaemia cases, but with seasonal differ-
ences. Forty-five of the oropharyngeal cases occurred from
January to April, constituting 79.5 % of all tularaemia cases in
this time period. Part of this has previously been reported as an
outbreak [13]. In the periods May to September and October
to December, all clinical forms were seen and were more
evenly distributed than in January to April. However,
ulceroglandular forms were mainly seen in May to
September (13/23) and respiratory (16/24) and typhoidal
(20/26) forms were mainly seen in October to December.
Glandular forms were uncommon in January to April (2/26)
compared to the other months.
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Fig. 2 Incidence rates of tularaemia (number/100,000 population) in
Norwegian counties in 2011. The distribution shows particularly high
incidence rates in central Norway and Finnmark County

Sixty-five (87.8 %) of all the oropharyngeal cases had been
drinking water from either a private well (»=58) or an open
stream (n=7), and 95 % (n=43) of the oropharyngeal cases
from January to April reported the use of private wells.
Among the 11 oropharyngeal cases from May to September,
all reported drinking water from a private well, lake or stream

as the likely mode of transmission. For the 18 oropharyngeal
cases during October to December, 11 reported drinking
water from a private well or from a stream as the transmission
mode, four had an unknown transmission mode and three
reported direct contact with lemmings as the likely transmis-
sion mode, probably by the hand-to-mouth route. Among the
oropharyngeal cases, 63 presented with characteristic symp-
toms of sore throat, fever and swollen cervical lymph nodes,
often unilateral. Among the patients classified as having
oropharyngeal tularaemia, some had not noticed symptoms
of tonsillitis or pharyngitis before developing cervical lymph
node enlargement. These cases were classified as oropharyn-
geal tularaemia due to drinking water being the likely source
of infection, and the fact that there was no possibility for
transmission by mosquitoes or ticks at that particular time of
the year. The remaining 11 oropharyngeal cases described
uncharacteristic symptoms, such as fever, headache, diar-
rhoea and vomiting, but were still classified as oropharyngeal
tularaemia due to a strong link to water as the likely source of
infection. Filtrated water samples from three of the private
wells used for drinking were positive for F. tularensis DNA
by PCR.

Among the 23 ulceroglandular tularaemia cases, 13 were
diagnosed during May to September, and nine from October
to December. Among the cases from May to September, 12 of
13 were due to insect bites (three tick bites, three mosquito
bites and six unspecified insect bites), whereas only one of the
cases from October to December was due to an insect bite
(unspecified). This sample was taken early in October and
from a patient in the southern part of Norway. Four of the
ulceroglandular cases from October to December were due to
direct contact with an infected animal, and three of the four
cases with unknown transmission mode were suspected to be
linked to hunting or trekking activities. The single case of

b

Fig.3 Maps showing the geographic distribution of tularaemia cases in Norway in 2011 for the time periods (a) January to April, (b) May to September

and (c) October to December
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Table 2 Clinical presentation in

relation to the time of year of di- Clinical form

January—April

May—September October—December Total

agnosis among tularaemia cases

in Norway in 2011 Oropharyngeal 45 (789 %)
Glandular 2 (3.5 %)
Typhoidal 2 (3.5 %)
Respiratory 4 (7.0 %)
Ulceroglandular 1 (1.8 %)
Oculoglandular
No symptoms 2 (3.5 %)
Not classified 1 (1.8 %)
Total 57 (100 %)

11 (27.5 %) 18 (21.7 %) 74 (41.1 %)

7(17.5 %) 17 213 %) 26 (14.4 %)
4(10.0 %) 20 (24.1 %) 26 (14.4 %)
4(10.0 %) 16 (19.3 %) 24 (13.3 %)
13 (32.5 %) 9 (10.8 %) 23 (12.8 %)
1(1.2 %) 1 (0.6 %)
1(12 %) 3(1.7 %)
125 %) 1 (12 %) 3(1.7 %)

40 (100 %) 83 (100 %) 180 (100.0 %)

ulceroglandular tularaemia during January to April was due to
direct contact with an infected animal.

For glandular tularaemia, 24 of the 26 cases occurred from
May to December. The location of lymph node involvement
was diverse, with the majority located in the groin (n=06),
axilla (n=6) or collum (n=9). Twenty-four of 26 cases with
the typhoidal form occurred from May to December. The
clinical presentation was dominated by fever, headache, my-
algia, arthralgia and/or malaise, but with no organ-specific
symptoms or signs. Among the 24 respiratory cases, the
clinical information was diverse. Eleven cases were reported
to have clinical pneumonia, and 13 had hilar lymphadenopa-
thy and/or lung infiltrates, including five of those with clinical
pneumonia. Four cases were diagnosed during investigation
for suspected malignant disease based on radiological findings
in patients with long-standing respiratory tract infection or
fever. The remaining cases were classified as respiratory
tularaemia due to inhalation as the likely transmission mode
and symptoms of respiratory tract infection, such as cough,
fever and dyspnoea.

For three cases, the type of tularaemia could not be deter-
mined due to the lack of information, and three cases diag-
nosed during outbreak investigation were asymptomatic. Two
of these were from the same household and used the same

water source as other tularaemia cases. A definite mode of
transmission could not be established based on the available
information for seven (12.3 %), 60 (72.3 %) and 13 (32.5 %)
cases from the three time periods January to April, May to
September and October to December, respectively. An un-
known mode of transmission was the most common for
typhoidal, respiratory and glandular forms of tularaemia, with
24, 21 and 20 cases of unknown transmission mode each,
respectively. However, among 50 of these 80 cases, an asso-
ciation was reported to work or leisure activities associated
with increased risk of being infected with tularaemia, such as
hunting, trekking, farming and forest work (Table 3).

The morbidity of tularaemia infection was significant, with
57 (31.7 %) of the 180 cases admitted to hospital. Respiratory
cases of tularaemia had the highest proportion of hospitalised
patients, with 20 of 24 cases being treated as inpatients. In
addition, 28 (15.6 %) were seen in a hospital as outpatients.
Seven cases (3.9 %) had positive blood cultures (three respi-
ratory cases, two typhoidal cases, one glandular case and one
oropharyngeal case). Seventy-four of the patients had recov-
ered clinically when the MSIS was notified by the physician,
and 51 were still ill. However, these data have not been
collected systematically, and do only reflect the situation at
the time when the physician sent their notification to the

Table 3 Clinical presentation in
relation to mode of transmission
among tularaemia cases in Nor-

Clinical presentation

Total no. (%)

Likely mode of transmission, no. of cases

way in 2011 Contaminated water  Insect bite®  Animal contact ~ Unknown®
Oropharyngeal 74 (41.1 %) 65 3 6(2)
Glandular 26 (14.4 %) 1 4 1 20(9)
Typhoidal 26 (14.4 %) 2 24 (19)
Ulceroglandular 23 (12.8 %) 13 5 503)
Respi 24 (1339 21 (14
*Tick, mosquito or unspecified espiratory (13.3 %) 3 (14)
insect bite Oculoglandular 1 (0.6 %) 1(1)
®No. of cases with risk factors for ~ 1N© Symptoms 3 (1.7 %) 2 1)
tularaemia, such as hunting, trek- Not classified 3 (1.7 %) 1 2(1)
king, farming and forest work, in Total 180 71 17 12 80 (50)

brackets
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national authorities. It is, therefore, possible that patients who
were still symptomatic had their notification sent earlier in the
course of the disease than those who had recovered. For 55 of
the cases, there was no information available about the course
of disease.

Control measures

The use of private wells is still common in rural areas of
Norway, although the exact data on such use are not available.
The mechanism on how such wells were contaminated is
unknown, but was probably due to the flow of contaminated
surface water into the well, or rodents entering unsecured
wells. In March 2011, the Norwegian Food Authorities and
the Norwegian Institute of Public Health issued advice to the
population on not to consume water from streams or private
wells that might be contaminated without prior boiling or
disinfection, and for every well owner to undertake measures
to prevent rodents or contaminated surface water from enter-
ing the well to reduce the risk of tularaemia infections.

Discussion

The highest number of tularaemia cases reported so far in
Norway occurred in 2011. The lemming density in Norway
that year was the largest, both in magnitude and geographic
distribution since 1969/1970, reaching very high densities in
some locations (Rolf Ims, Department of Arctic and Marine
Biology, University of Tromse, Norway, personal communi-
cation). This is the most probable explanation for the high
number of tularaemia cases, although there was also a peak
this year in other small rodents that might be implicated in
tularaemia transmission, like the grey-sided vole, field vole,
tundra vole and bank vole. However, when lemming popula-
tions erupt, they often do so more steeply than vole popula-
tions, perhaps due to a more favourable adaptation to cold
climate with breeding during the winter season [14]. Omland
et al. have described a relationship between human cases of
tularaemia and the population density of small rodents like the
Norwegian lemming (Lemmus lemmus) [15]. Two of the more
recently described smaller Norwegian outbreaks of tularacmia
[7, 9] also coincided with a lemming outbreak in northern
Fennoscandia in 20062007 [14]. Central Norway has been
among the areas with the highest number of tularaemia cases
in Norway for many years, and outbreaks have occurred on
several occasions previously, but often linked to just one
common water source [6, 8, 9]. What was unusual in 2011
was the large diversity of geographic locations both within
central Norway during January to April and for the whole
country during the rest of the year, and particularly the striking
increase in Finnmark during late 2011. Apart from local
differences in breeding conditions and seasonal dynamics for

@ Springer

lemmings and other rodent populations, any explanation for
this has not been possible to identify. Another aspect that
might have contributed to the high number of tularaemia cases
diagnosed in 2011 was increased awareness of tularaemia in
the general population and among health care workers due to
considerable focus on lemmings and tularaemia in the
Norwegian mass media. This awareness may have led patients
with uncharacteristic symptoms to seek medical attention, and
the health care worker to request more tests for tularaemia.
There was no change in methodology at the reference labora-
tory that could explain the high number of diagnosed cases
during that year.

The culture of F. tularensis has traditionally been regarded
as potentially hazardous, with risk of laboratory infection, and
to have inherent low sensitivity for the diagnosis of
ulceroglandular tularaemia [16]. For those reasons, culture is
often not attempted by many laboratories. Little information
exists regarding the sensitivity of culture in oropharyngeal
tularaemia, but based on reports from outbreaks where culture
has been attempted, the sensitivity of culture in this form of
tularaemia may be low [17]. Among our 18 PCR-positive
oropharyngeal cases of tularaemia, 17 specimens were also
cultured, all if which were negative. Eight of these were taken
approximately 2 to 3 weeks after symptom onset, five were
taken approximately 5 weeks after symptom onset and for five
cases, information was missing. Our experience is, therefore,
that PCR, with its potential to secure a rapid diagnosis, is of
central importance for establishing the diagnosis of oropha-
ryngeal tularaemia in conjunction with serology, while culture
has low sensitivity for this diagnosis. According to a review
by Karagoz et al. [18], F tularensis is rarely cultured from
blood. They found that positive blood cultures with
F tularensis have been reported in only 28 cases from 1977
to 2011, and mainly from the USA. Seven blood culture
isolates with F. fularensis in one year from Norway, which
has only five million inhabitants, is, therefore, a surprisingly
high number.

While the age and gender distribution among the
tularaemia cases in Norway is similar to what is reported from
other European countries, Norway seems to have a different
seasonal distribution of tularaemia (Fig. 4), with more cases
reported during the winter months, both in 2011 and in other
recent years [19]. In Europe, tularaemia has largely been
reported to be a seasonal disease, with most cases being
diagnosed during the summer and early autumn months
(July to September), often related to insect bites [16, 19].
Also in Norway, the majority of ulceroglandular cases in
2011 were diagnosed during the summer months. Of the 17
ulceroglandular and glandular cases related to an insect bite,
14 were diagnosed during the period July to September.
Thirteen of these cases were from the southern regions of
Norway, and the four cases from Nord-Trendelag and
Nordland counties were all diagnosed during July and
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Fig. 4 Seasonal distribution of tularaemia cases in Norway in 2011 by
month of notification

August, corresponding to the time of year when mosquito bite
is likely to occur in these regions. In Sweden, ulceroglandular
tularaemia is more common than in Norway, occurs mainly
during summer and is related to mosquito bites, mosquito
density and closeness to water [20]. Why mosquitoes and
ticks seem to play a less important role in disease transmission
in Norway is not clear. It is, however, a fact that the majority of
tularaemia cases in Norway in 2011 were diagnosed during a
time of the year when ticks and mosquitoes are not active, or
were from inland or northern regions of the country, where
there are no or a low number of ticks compared to the western
and southern coastal areas of Norway.

For reasons we do not know for certain, oropharyngeal
tularaemia seems to play a far more important role in
Norway than what is documented from many other
European countries [6, 19]. Many of the Norwegian cases of
tularaemia in 2011 were related to contaminated water, and
waterborne tularaemia outbreaks have been described by
others [21]. Snow melting and contamination of unsecure
private wells with F. tularensis-infected carcasses of, or faeces
from, small rodents may explain the high number of
tularaemia linked to the use of private wells during January
to April [13]. The public health advice issued in March may
have reduced the spread of disease through this route later in
2011. Apart from the recovery of F. tularensis DNA in filtered
water samples, and epidemiological information where up to
seven persons drinking from the same water source were
diagnosed with tularaemia, there is no definitive evidence
for contaminated water being the transmission mode. The
consumption of undercooked contaminated food is not very
likely. Hand-to-mouth transmission after contact with animals
or contaminated environment cannot be excluded as a possi-
bility, particularly for children. This was also suspected in
three of the cases from October to December. However, more
oropharyngeal tularaemia among persons not using private
wells might have been suspected if these were common trans-
mission modes.

Respiratory tularaemia, together with ulceroglandular
tularaemia, has been the predominating form of tularaemia

in Finland and Sweden, often linked to farming [16]. In
Norway, the transmission mode was unknown for 21 of the
24 respiratory cases in 2011, but some were probably linked to
the inhalation of dust contaminated with bacteria during farm
or forest-related work, like lawn mowing, harvesting and
rehabilitation work on old farm buildings. Seven of these
cases reported direct or indirect contact with live or dead
lemmings as a possible mode of transmission, as huge num-
bers had been present in their environment, with possible
inhalation of bacteria. The use of personal protective equip-
ment such as gloves and respiratory protection should be
considered when performing activities as mentioned above
in areas with high numbers of rodents.

2011 showed an unusually high number and geographic
spread among the tularaemia cases in Norway. The clinical
manifestations were diverse, and changed throughout the year.
A considerable proportion of the patients presented with sig-
nificant morbidity, with almost 50 % being in contact with
their local hospital on one or several occasions. Some de-
scribed a clinical picture which involved more than one organ
system, and were, therefore, difficult to classify according the
WHO guidelines [12]. Almost 50 % had a greater than 4-week
interval between symptom onset and time of diagnosis, mak-
ing it difficult to establish with certainty both the transmission
mode and where the disease had been contracted. Serology
and PCR were the most important diagnostic tools, although
an unexpectedly high number of cases had recovery of
F. tularensis from blood culture. To diagnose tularaemia re-
mains a challenge when the clinical presentation is uncharac-
teristic and the time of the year uncommon for tularaemia. It
is, however, an important diagnosis to consider at all times of
the year in cases of, for instance, protracted fever, cough or
lymph node enlargement, particularly if there is an epidemio-
logical link to a rodent year, use of private wells, or work or
leisure activities that may be associated with an increased risk
of contracting tularaemia.
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