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Abstract
Background: Studies from several countries indicate that the incidence and mortality of bloodstream infection (BSI)
have been increasing over time.
Methods: We studied the burden of disease and death related to BSI in a defined geographical area of Mid-Norway,
where BSI episodes were prospectively recorded by the same microbiological department during 12 consecutive years.
Death from BSI was defined as death within 30 days of BSI detection. Age and sex standardized incidence and
mortality rates and case fatality rates were calculated.
Results: Between 2002 and 2013, 1995 episodes of BSI in 1719 patients aged 16 to 99 years were included.
The overall incidence of BSI was 215 per 100,000 person-years. The incidence increased exponentially with
age, particularly in males. The incidence increased from 205 to 223 per 100,000 person-years from 2002–07
to 2008–13. Escherichia coli was the most frequently isolated infective agent, followed by Streptococcus
pneumoniae and Staphylococcus aureus. The rate of S. pneumoniae BSI decreased over time in males (on
average by 9.2% annually), but not in females. The total rate of BSI microbes with acquired resistance
increased slightly over time, but did not exceed 2 episodes per 100,000 person-years. The mortality of BSI
was 32 per 100,000 person-years, higher in males than in females (36 vs. 28 per 100,000 person-years) and
was significantly higher in old age, particularly in males. The total BSI mortality was similar in the first and
second halves of the study period, but the mortality of S. pneumoniae BSI decreased in males (15.0%
annually). The crude case fatality decreased from the first to the second half of the study period (17.2% to
13.1%; p = 0.014). The rate of blood culture sampling increased more than twofold during the study period.
Conclusions: The mortality of BSI remained stable during 2002–2013. At the same time, BSI incidence increased and
case fatality rate decreased, perhaps because an increased rate of blood culture sampling may have led to improved
detection of milder BSI episodes. Very low, yet slightly increasing rates of microbes with acquired resistance were
observed.
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Background
Bloodstream infection (BSI) contributes substantially to
morbidity and mortality worldwide [1]. The annual incidence has been reported between 80 and 257 per 100,000
person-years [2–9]. In Europe, the annual number of BSI
episodes and deaths associated with BSI has been estimated at 1.2 million and 157,000, respectively. The corresponding numbers of hospital-acquired BSIs were found
to be 240,000 episodes and 29,000 deaths [1]. Most studies
report increasing incidence rates [5, 6, 8], but a decreasing
rate has also been described [10].

The burden of BSI includes mortality as well as incidence, but few studies have reported both [1, 3, 6]. Monitoring the burden of BSI is important for reasons of
resource allocation and for evaluating prevention and
treatment strategies [11]. As the proportion of elderly
people, more prone to infections, is increasing [12, 13],
knowledge about their burden of severe infections is of
particular importance. Growing antimicrobial resistance
worldwide, associated with increased mortality [14, 15],
make surveillance of BSI microbes and antimicrobial resistance essential. As different prevention and treatment

Table 1 Incidence of bloodstream infection (BSI) stratified by sex in an area of Mid-Norway 2002-2013. Number of episodes and observed and standardized incidence rates, allover and in various subgroups, are shown
Total
Group of BSI

All BSIs

n

Females
Observed BSI
ratea
(95% C.I.)

Age and sex n
standar- dized
rateb

Observed BSI
ratea
(95% CI)

Males
Age
n
standar-dized
rate c

Observed
BSI ratea
(95% CI)

Age
standardizedrate

1995 232 (222–242)

215

961 221 (208–236)

209

1034 242 (228–258)

222

16–64 years

578

84 (78–92)

82

284 84 (75–94)

83

294

84 (75–95)

82

65–79 years

692

564 (523–607)

555

306 477 (425–534)

473

386

658 (594–727)

646

≥80 years

725

1379 (1280–1483) 1373

371 1122 (1011–1242) 1126

354

1813 (1629–2012) 1826

CA-BSI

934

109 (102–116)

102

502 116 (106–126)

110

432

101 (92–111)

94

HCA-BSI

787

91 (85–98)

85

356 82 (74–91)

78

431

101 (92–111)

91

HA-BSI

274

32 (28–36)

30

103 24 (19–29)

23

171

40 (34–47)

37

Urinary tract

752

87 (81–94)

81

429 99 (90–109)

94

323

76 (68–84)

68

Lungs

331

38 (34–43)

36

142 33 (28–39)

31

189

44 (38–51)

41

Biliary tract

220

26 (22–29)

24

93

21 (17–26)

21

127

30 (25–35)

27

Gastrointestinal tract

101

12 (10–14)

11

44

10 (7–14)

9.8

57

13 (10–17)

13

Skin or soft tissue

143

17 (14–20)

16

61

14 (11–18)

13

82

19 (15–24)

18

Other

247

29 (25–33)

27

104 24 (20–29)

23

143

34 (28–39)

31

Unknown

201

23 (20–27)

22

88

19

113

26 (22–32)

24

Agee

Place of acquisition

Infection focus

20 (16–25)

Microbe group
Gram-negative BSI

1133 132 (124–140)

123

616 142 (131–154)

135

517

121 (111–132)

110

Gram-positive BSI

777

90 (84 to 97)

85

310 71 (64–80)

68

467

109 (100–120)

101

10 (8–12)

9

35

8

50

12 (8–15)

11

Polymicrobial or fungal BSI 85

8 (6–11)

Microbes (the four most common)
Escherichia coli

686

80 (74–86)

74

421 97 (88–107)

93

265

62 (55–70)

56

Streptococcuspneumoniae

226

26 (23–30)

25

109 25 (21–30)

24

117

27 (23–33)

25

Staphylococcusaureus

218

25 (22–29)

24

75

17 (14–22)

16

143

34 (28–39)

31

Klebsiella spp.

134

16 (13–18)

14

65

15 (12–19)

14

69

16 (13–20)

15

BSI episodes per 100,000 person-years (totally 860,630 person-years in individuals ≥16 years, 426, 517 in males, 434,113 in females)
males and females standardized to the age distribution of the male and female population of Norway 2010, respectively
standardized to the age distribution of females in Norway 2010
d
standardized to the age distribution of males in Norway 2010
e
Person-years in the three age groups were: 16–64 years: males 348,342; females 336,950; 65–79 years: males 58,645; females 64,100; ≥80 years: males 19,530;
females 33,063
a

b
c

d

Mehl et al. BMC Infectious Diseases (2017) 17:205

strategies are needed (vaccination programs, antibiotic
regimens, and infection control measures), it is necessary
to separately survey community acquired, health careassociated, and hospital acquired BSIs [16, 17].
We conducted a prospective study within an area of
Mid-Norway to assess the BSI incidence and mortality,
with emphasis on age and sex differences and time trends.

Methods
As part of the Mid-Norway Sepsis Study we prospectively
recorded episodes of BSI in patients aged 16 years or older
admitted to Levanger Hospital between January 1, 2002
and December 31, 2013. This BSI cohort or parts of it
have previously been used in studies on other aspects of
BSI [18–20], and two studies, describing BSIs with
Staphylococcus aureus 1995–2011 [21] and Streptococcus
pneumoniae 1993–2011 [22], have included the respective
bacterial species from the current cohort. Levanger Hospital is one of two hospitals in Nord-Trøndelag County.
The hospital is an emergency hospital serving the population in a defined geographical area of 10 municipalities,
with 68,491 inhabitants aged 16 years and above at the
start of the study, and 75,858 at the end of the study.
Population data of the ten municipalities around Levanger
Hospital for every year between 2002 and 2013, with age
and sex distribution, was obtained from Statistics Norway.
The microbiology laboratory at Levanger Hospital exclusively provided all microbiology services in Nord-Trøndelag
County. Patients hospitalized with BSI were identified and
prospectively registered at the microbiology laboratory. For
each BSI, a registration form was completed by the responsible physician. The main investigator, two subordinate doctors and three research nurses reviewed the patients’
records to verify the data and record additional variables.
Blood cultures were performed in BACTEC 9240 Vacutainer Culture Bottles (Becton Dickinson Diagnostic Instrument Systems, Sparks, MD) [23], which in 2010 was
replaced by BACTEC FX. The volume of blood drawn was
the same during the study period. A blood culture set consisted of one aerobic and one anaerobic BACTEC bottle
obtained from a single draw. If a second draw was taken
simultaneously from another site, one aerobic bottle was
used. Isolates were identified using standard methods [24].
Antimicrobial susceptibility testing was performed by the
disc diffusion method (Neo-Sensitabs, Rosco Diagnostica,
Taastrup, Denmark). The microbiology laboratory at Levanger Hospital is ISO 15189 accredited.
An episode of BSI was defined by growth of one or
more microbes from blood culture combined with clinical
evidence of systemic infection [25]. A new BSI episode
with the same microbe in the same patient was recorded
if an interval of at least 30 days had passed without signs
of infection since an earlier episode [26]. If more than one
organism was isolated from one or more blood cultures
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within a 72-h period, the BSI episode was classified as
polymicrobial. One positive blood culture for organisms
regarded as etiological agents was the requirement for
inclusion. For coagulase-negative staphylococci, alphahemolytic streptococci, or other possible skin contaminants, at least two identical isolates from separate
venipunctures were required.
The BSI episodes were classified as hospital-acquired
(HA), health care-associated (HCA) or community acquired (CA) [16, 17]. HA-BSI was diagnosed if the infection was detected >48 h after admission [27]. Patients who
during the 30 days prior to hospital admission had (1)
been hospitalized two or more days or (2) had received
intravenous therapy or wound care at home or (3)
hemodialysis or chemotherapy at hospital visits or (4)
were nursing home residents, were categorized as having
HCA-BSI. CA-BSI was diagnosed if the infection was detected <48 h after admission and none of the criteria for
HCA-BSI were fulfilled.
We defined death from BSI as death within 30 days of
BSI detection. The patient administrative system at the
hospital receives updated information on vital status from
the national population register, and thus, information on

Fig. 1 Incidence of bloodstream infection (BSI) by place of
acquisition, age, and sex. The figure shows the number of BSI
episodes per 1000 person-years. The number multiplied by 100
gives the rate per 100,000 person-years
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fatal outcome of BSI was complete even if the patient was
discharged from hospital.
A urinary focus was assigned when the same microbe
was isolated from urine and as well as from blood culture
along with clinical signs/symptoms or risk factors for urinary infection, and no other source of infection was identified. A presumed pulmonary focus was diagnosed with
clinical signs of lower respiratory infection accompanied by
positive radiologic findings. Focus in the biliary tract was
ascertained based on clinical, biochemical and radiological
findings. Signs of infection along with focal growth of the
same microbe as in blood culture were taken as a confirmation of infection in abdomen, skin, soft tissue or other
sites. An unknown focus of infection was assigned when
none of the criteria for ascertaining a focus were met.

Statistical analyses

BSI included both first-time and repeat episodes [6, 7].
The mortality rate was calculated as the total number of
deaths within 30 days of a diagnosis of BSI per 100,000
person-years. Incidence and mortality rates were calculated for the population between 16 and 99 years. Population data during 2002–13 (Statistics Norway), were used
as denominators to calculate age-specific and sex-specific
rates of BSI episodes and BSI related deaths. The incidence rate of HA-BSI was also reported as the number of
patients with HA-BSI in a time period divided by the
number of hospital bed-days in that same time period.
Observed incidence and mortality rates were standardized
to the age and sex distribution of the population of
Norway 2010. Confidence intervals (CIs) of rates were

Male

Age

Female

95-99
90-94
85-89
80-84
75-79
70-74
65-69
60-64
55-59
50-54
45-49
40-44

Site of infection

35-39

Urinary tract
Lungs
Biliary tract
Gastrointestinal
Skin and subcutaneous tissue
Other
Unknown

30-34
25-29
20-24
16-19

40

35

30

25

20

15

10

5

0

0

5

10

15

Number of episodes per 1 000 person-years
Fig. 2 Incidence of bloodstream infection (BSI) by site of infection, age, and sex. Number of BSI episodes per 1000 person-years is
shown. The number multiplied by 100 gives the rate per 100,000 person-years
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calculated based on assumed Poisson distribution. Poisson
regression was used to assess time trends in BSI incidence
and mortality rates (average rate ratio per calendar year),
adjusted for age (in 5-year intervals) and stratified by sex.
The case fatality rate was defined as the total number
of deaths within 30 days of diagnosed BSI episodes divided by the total number of BSI episodes. Confidence
intervals were calculated using Wilson’s approximation
to the binominal distribution [28]. Case fatality rates for
two time periods were compared using chi-square test.
Two-sided p-values <0.05 were considered significant
and 95% confidence intervals (CI) have been reported
where relevant. The analyses were performed using SPSS
22, Stata 13, and StatXact 9.

Results
During the 12-year study period, a total of 1995 episodes
of BSI occurred, 1034 in males and 961 in females,
among 1719 individuals.
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209 per 100,000 person-years). Age-specific BSI rates
were substantially higher in males than in females, particularly in older age groups (Figs. 1, 2 and 3; Additional
file 1: Table S1). Whereas the incidence was similar for
males and females 16–64 years (82 vs. 83 per 100,000
person- years), males had substantially higher incidence
than females in the age group ≥80 years (1826 vs. 1126
per 100,000 person-years).
Place of acquisition

The rates of CA-, HCA-, and HA-BSI were 102, 85, and
30 per 100,000 person-years, respectively (Table 1).
HCA- and HA-BSIs constituted larger parts of the BSIs
in men than in women, and HCA- and HA-BSI predominated among men in the oldest age groups (Fig. 1). The
total rate of HA-BSI was 38 per 100,000 hospital beddays (Additional file 1: Table S2).
Site of infection

Incidence rates allover and by sex and age

The overall incidence rate of BSI (first-time and repeat
episodes) was 215 per 100,000 person-years (Table 1),
and the rate was higher in males than in females (222 vs.

Fig. 3 Incidence of bloodstream infection (BSI) by main microbe
group, age, and sex. The figure shows the number of BSI episodes
per 1000 person-years. The number multiplied by 100 gives the rate
per 100,000 person-years

The urinary tract was the predominant site of infection
(no. of episodes per 100,000 person-years: 81 overall, 94
in females and 68 in males) (Table 1), followed by the
lungs and the biliary tract. Rates of BSI from the urinary

Fig. 4 Observed incidence of bloodstream infection (BSI) per
calendar year by different places of acquisition. Number of BSI
episodes per 100,000 person-years is shown
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tract, lungs, and biliary tract were higher in old age, particularly in males (Fig. 2).

significantly more frequent in males than in females (31
vs. 16 episodes per 100,000 person-years).
Time trends in incidence

Microbes

Gram-negative BSI was more common in females than
in males (135 vs. 110 per 100,000 person-years) (Table 1),
whereas Gram-positive BSI most often occurred in
males (101 vs. 68 per 100,000 person-years). Escherichia
coli was the most commonly isolated BSI microbe from
all three places of acquisition and predominated in females (93 vs. 56 per 100,000 person-years) (Table 1).
The second most common microbe was Streptococcus
pneumoniae (25 episodes per 100,000 person-years),
which was evenly distributed between the sexes and
mainly occurred in CA-BSI. Staphylococcus aureus, close
to S. pneumoniae in total rate (24 per 100,000 personyears), was mostly represented in HCA-BSI and was

The observed incidence rate of BSI increased from 190
per 100,000 person-years in 2002 to 257 in 2013 (with a
peak at 278 in 2011) (Fig. 4; Additional file 1: Table S3).
Standardized incidence rates for two time periods, 20022007 and 2008–2013, are shown in Table 2, and ageadjusted time trends in BSI rate by sex are shown in
Table 3. Overall, the incidence rate increased from 205 to
223 per 100,000 person-years from 2002–07 to 2008–13.
The incidence rate increased on average by 2.8% annually
in females but not significantly in males. HCA-BSIs increased from 72 to 96 per 100,000 person-years from
2002–07 to 2008–13. The HA-BSI rate, calculated as episodes per 100,000 hospital bed-days, increased from 36 to
40 (Additional file 1: Table S4).

Table 2 Incidence of bloodstream infection (BSI) in two time periods in an area of Mid-Norway. Number of episodes and observed
and standardized incidence rates are shown
2002–2007

2008–2013

Group of BSI

n

Observed
incidence ratea
(95% CI)

Age and sex
standardized
incidence
rateb

n

Observed
incidence ratea
(95% CI)

Age and sex
standardized
incidence
rateb

All BSIs

921

221(206–235)

205

1074

242 (228–257)

223

CA-BSI

471

113 (103–123)

106

463

105 (95–115)

98

HCA-BSI

316

76 (68–84)

72

471

106 (97–116)

96

HA-BSI

134

32 (27–38)

30

140

32 (27–37)

29

Urinary tract

316

76 (68–84)

70

436

98 (89–108)

90

Lungs

169

40 (35–47)

38

162

37 (31–43)

34

Biliary tract

106

25 (21–31)

23

114

26 (21–31)

23

Place of acquisition

Infection focus

Gastrointestinal tract

47

11 (8–15)

11

54

12 (9–16)

12

Skin or soft tissue

81

19 (15–24)

18

62

14 (11–18)

13

Other

108

25 (21–31)

24

139

31 (26–37)

30

Unknown

94

22 (18–28)

21

107

24 (20–29)

22

Gram-negative BSI

499

119 (109–130)

111

634

143 (132–155)

131

Gram-positive BSI

386

92 (83–102)

87

391

88 (80–97)

81

Polymicrobial or fungal BSI

36

9 (6–12)

8

49

11 (8–15)

10

Escherichia coli

303

73 (65–81)

68

383

86 (78–96)

79

Streptococcus pneumoniae

127

30 (25–36)

29

99

22 (18–27)

21

Staphylococcus aureus

100

24 (19–29

22

118

27 (22–32)

25

Klebsiella spp.

47

11(8–15)

10

88

20 (16–24)

18

Microbe group

c

Microbes (the four most common)

a

BSI episodes per 100,000 person-years (417,682 person-years in 2002–2007; 442,948 person-years in 2008–2013)
b
age and sex standardized to the population of Norway 2010
c
less common BSI microbes are listed in Additional file 1: Table S5
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Table 3 Age-adjusted time trends in bloodstream infection (BSI) incidence stratified by sex. The table shows BSI rate ratios per
calendar year by Poisson regression
Females

Males

BSI rate ratio (95% CI)

p-value

BSI rate ratio (95% CI)

p-value

1.028 (1.010–1.047)

0.003

1.011(0.993–1.029)

0.22

Community acquired

0.998 (0.973–1.024)

0.88

0.976 (0.950–1.004)

0.09

Health care-associated

1.080 (1.047–1.114)

<0.001

1.053 (1.024–1.083)

<0.001

Hospital acquired

1.009 (0.954–1.067)

0.76

0.999 (0.956–1.043)

0.96

Urinary tract

1.056 (1.027–1.086)

<0.001

1.041 (1.008–1.075)

0.013

Lungs

1.021 (0.974–1.071)

0.39

0.969 (0.930–1.010)

0.14

Biliary tract

1.017 (0.959–1.079)

0.57

0.993 (0.944–1.045)

0.80

Gastrointestinal tract

1.017 (0.933–1.108)

0.70

1.052 (0.975–1.136)

0.19

Skin or soft tissue

0.934 (0.868–1.005)

0.069

0.979 (0.920–1.042)

0.51

Other

0.989 (0.935–1.045)

0.69

1.040 (0.991–1.091)

0.11

Unknown

1.043 (0.981–1.109)

0.17

0.987 (0.935–1.041)

0.64

Gram-negative BSI

1.043 (1.019–1.068)

<0.001

1.020 (0.995–1.046)

0.12

Gram-positive BSI

0.997 (0.966–1.030)

0.87

0.993 (0.968–1.020)

0.62

Polymicrobial or fungal BSI

1.031 (0.936–1.135)

0.54

1.095 (1.007–1.190)

0.034

BSI, allover
Place of acquisition

Infection focus

Microbe group

Microbes (the four most common)
Escherichia coli

1.044 (1.015–1.073)

0.003

1.002 (0.967–1.037)

0.92

Streptococcus pneumoniae

1.007 (0.954–1.063)

0.80

0.908 (0.860–0.958)

<0.001

Staphylococcus aureus

0.988 (0.926–1.055)

0.73

1.032 (0.984–1.082)

0.20

Klebsiella spp.

1.136 (1.053–1.224)

0.001

1.094 (1.020–1.175)

0.012

BSIs from the urinary tract increased from 70 to 90 per
100,000 person-years. Gram-negative BSI increased from
111 to 131 per 100,000 person-years, most evident for E.
coli (68 to 79 per 100,000 person-years) and Klebsiella
spp. (10 to 18 per 100,000 person-years). Polymicrobial or
fungal BSI increased from 8 to 10 per 100,000 personyears, whereas Streptococcus pneumoniae BSI decreased
from 29 to 21 per 100,000 person years. The rate of
Pseudomonas aeruginosa BSI was fairly stable (6.7 to 5.8
per 100,000 person-years), while the rate of candida BSI
increased slightly over time (1.4 to 2.3 in the first and second period, respectively) (Additional file 1: Table S5).
BSI microbes with acquired drug resistance

The rate of BSI microbes with acquired drug resistance
(ADR) was very low but it increased slightly over time in
our population (Additional file 1: Table S5). In the first
and second time period, the total rates of ADR microbes
were 0.6 and 2.0 per 100,000 person-years. Methicillinresistant S. aureus (MRSA) contributed 0 and 0.2 per
100,000 person-years, penicillin-non-susceptible pneumococci (PNSP) 0 and 0.4 per 100,000 person-years, and
Enterobacteriaceae producing extended spectrum beta-

lactamase (ESBL-E) 0.6 and 1.4 per 100,000 person-years
in the first and second time period, respectively.

BSI mortality

Death within 30 days occurred in 299 of the BSI episodes,
172 in males and 127 in females. The overall mortality rate
of BSI was 32 per 100,000 person-years (Table 4). The
mortality rate was higher in males than in females (36 vs.
28 per 100,000 person-years) and increased more with age
in males than in females (Fig. 5; Additional file 1: Table
S6). The mortality rate was 35 and 29 per 100,000 personyears in 2002-07 and 2008-13, respectively (Table 5), but
no significant age-adjusted annual change was observed
(Table 6). Among subgroups of BSI, the mortality rate of
HCA-BSI increased in females (7.4% annually), and the
mortality rate of BSI from the urinary tract increased in
males (11.4% annually). The mortality rate of BSI from
pulmonary infection decreased from 10.4 to 5.7 per
100,000 person-years (annually by 9.0% in males). For
Streptococcus pneumoniae BSI, the mortality rate decreased from 4.8 to 1.9 per 100,000 person-years, with an
average annual decrease of 15.0% in males.
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Table 4 Mortality of bloodstream infection (BSI) stratified by sex in an area of Mid-Norway 2002–2013. Number of deaths and observed
and standardized mortality rates, allover and in various subgroups, are shown
Total

Females

Males

Group of BSI

n

All BSIs

299 35 (31–39)

32

127 29 (24–35)

28

172 40 (35–47)

36

CA-BSI

85

9

42

10 (7–13)

9

43

10 (7–14)

9

HCA-BSI

163 19 (16–22)

18

65

15 (12–19)

14

98

23 (19–28)

22

HA-BSI

51

6 (4–8)

6

20

5 (3–7)

4

31

7 (5–10)

7

Urinary tract

63

7 (6–9)

7

31

7 (5–10)

7

32

8 (5–11)

7

Lungs

75

9 (7–11)

8

25

6 (4–9)

6

50

12 (9–15)

11

Biliary tract

15

2 (1–3)

1

4

1 (0–2)

0.4

11

3 (1–5)

2

Gastrointestinal tract

16

2 (1–3)

2

8

2 (0–4)

2

8

2 (0–3)

2

Skin or soft tissue

34

4 (3–6)

4

12

3 (1–5)

3

22

5 (3–8)

5

Other

28

3 (2–5)

3

14

3 (2–5)

3

14

3 (2–5)

3

Unknown

68

8 (6–10)

7

33

8 (5–11)

7

35

8 (6–11)

8

14

Observed
mortality ratea
(95% C.I.)

Age and sex
n
standar-dized
b
mortality rate

Age standarObserved
mortality ratea dized ratec
(95% CI)

n

Observed
mortality ratea
(95% CI)

Age standardized rated

Place of acquisition
10 (8–12)

Infection focus

Microbe group
Gram-negative BSI

128 15 (12–18)

14

64

15 (11–19)

14

64

15 (12–19)

Gram-positive BSI

144 17 (14–20)

15

48

11 (8–15)

11

96

23 (18–27)

20

Polymicrobial or
fungal BSI

27

3

15

3 (2–6)

3

12

3 (1–5)

3

3 (2–5)

Microbes (the four most common)
Escherichia coli

59

7 (5–9)

6

28

6 (4–9)

6

31

7 (5–10)

6

31

4 (2–5)

3

10

2 (1–4)

2

21

5 (3–8)

4

Staphylococcus aureus

60

7 (5–9)

6

25

6 (4–9)

5

35

8 (6–11)

7

Klebsiella spp.

20

2 (1–4)

2

12

3 (1–5)

2

8

2 (0.7–4)

2

Streptococcus pneumoniae

a

Deaths within 30 days of BSI episodes per 100,000 person-years (totally 860,630 personyears in individuals ≥16 years, 426,517 in males, 434,113 in females)
b
males and females standardized to the age distribution of the male and female population of Norway 2010, respectively
c
standardized to the age distribution of females in Norway 2010
d
standardized to the age distribution of males in Norway 2010

Time trends in case fatality

Allover, the case fatality rate decreased from 17.2% to
13.1% (p = 0.014) between 2002–07 and 2008–13, with
similar decreases across the three places of acquisition.
Among the specific infection foci, the case fatality rate
of BSI from pulmonary infection decreased from 28% to
17% (p = 0.026) (Additional file 1: Table S8).
Time trends in blood culture sampling rate

The rate of blood culture sampling increased more than
twofold from 2002 to 2013 (2189 to 4605 blood culture
sets per 100,000 person-years), and the rate of BSI episodes per 100 blood culture sets decreased from 8.7 in
2002 to 5.6 in 2013 (Additional file 1: Table S3). In the
first (2002–07) and second (2008–13) halves of the study
period, the average rates of blood culture sampling were

3062 and 3977 sets per 100,000 person-years, and the
average rates of BSI episodes per 100 blood culture sets
were 7.2 and 6.1, respectively (Additional file 1: Table S9).

Discussion
The present study provides information on the incidence
and mortality of BSI in an area of Mid-Norway, overall, by
age and sex, by time period, and for specific subgroups of
BSI. The burden of BSI, in terms of both incidence and
mortality, increased strongly with age, particularly in
males. The incidence increased during the 12-year study
period, and the increase was strongest in females, for
HCA-BSI, and for urinary tract and Gram-negative BSIs.
Over the same period, the mortality remained stable and
case fatality rate decreased, possibly because an increased
rate of blood culture sampling may have led to improved
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Fig. 5 Mortality of bloodstream infection (BSI) by main microbe group,
age, and sex. The figure shows number of deaths within 30 days of BSI
episodes per 1000 person-years. The number multiplied by 100 gives
the rate per 100,000 person-years

detection of milder BSI episodes. A shift towards higher
proportions of female sex, Gram-negative etiology, and
urinary tract site may also have influenced the case fatality
rate to some degree. In addition, earlier detection of sepsis
and improved treatment may have had impact. Very low,
yet slightly increasing rates of microbes with acquired resistance were observed.
To our knowledge, this is the first study estimating the
overall burden of BSI in a Norwegian population. Incidence rates of invasive infections with single microbes
have been reported [29–33], but no population-based
study has focused on BSI as a whole. One previous study
described the epidemiology of sepsis in Norway in 1999
[34], and two studies published more than 20 years ago
[26, 35] described BSI incidence and mortality related to
hospital admissions and bed-days, but did not include
population statistics. Strengths of the present study include the prospective registration of BSIs within a welldefined source population. All patients with a BSI acquired outside hospital (CA- and HCA-BSI) in our geographical area were admitted to Levanger Hospital, and
the blood cultures were handled at one microbiology laboratory. Some inhabitants in this area will likely have
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had BSI during stays at St Olav’s Hospital, the closest
university hospital, so that the true rate of HA-BSI in
our area is slightly higher than is reported in this article.
We did not exclude the very small number of episodes
that occurred in persons who were visitors to the area,
as a similar number of BSIs is likely to have occurred
among inhabitants of our area being on travel elsewhere.
Standardization for the age and sex distribution is representative for Norway 2010. Use of international population standards could have eased comparison between
studies [36, 37], but most studies in this field have used
regional or national population standards [4, 8, 10].
The comparison of incidence and mortality rates of
BSI between studies is challenging because of differences
in the age groups included and in age- and sex distribution of populations [37], differences in the classification
of place of acquisition [8, 16, 17, 38], and differences in
the definition of incident episodes: first-time vs. total
number of BSIs, and different time periods since last BSI
required to define a new episode (after 30 days [26],
3 months [6], first episode in another calendar year [36,
37], first episode during the study period [4, 8, 10]). BSI
can affect the same individual several times, and the episodes are most often independent of each other. To inform about the total burden of BSI, we chose to estimate
the total rate of BSI rather than the first-time episodes
only [11]. Compared with our results, incidence rates
(166–189 per 100,000 person-years) [6–8] and mortality
rates (22 per 100,000 person-years) [6] of BSI are somewhat lower in other studies that also included all BSI episodes. This difference is expected, as these studies also
included children, who are generally at low risk of BSI.
An increase in BSI incidence over time have also been
reported in Finland (from 147 to 168 per 100,000
person-years from 2004 to 2007) [6] and in Northern
Denmark (from 120 to 201 per 100,000 person-years
from 1992 to 2006) [8], although a study from Funen,
Denmark, [10] of first-time BSI among people ≥16 years
of age reported a decrease in BSI incidence from 254 to
199 per 100,000 person-years through 2000 to 2008.
Similar to our findings, the increase in BSI incidence
was accompanied by a decreasing case fatality rate in
Denmark (22.7% to 20.6%) [8], but not in Finland (12.6%
to 13.2%) [6]. At the same time, we observed a relatively
stable mortality rate of BSI, as has also been reported in
Finland [6]. The combination of increased incidence, reduced case fatality, and stable mortality may be explained by improvements in the detection of milder, less
fatal BSI episodes. In support of that explanation, we
and others (5, 10) have observed increasing rates of
blood culture sampling over time, and the number of
BSI episodes per 100 blood culture sets decreased with
time in our study as was found in Funen, Denmark [10],
though not in Northern Denmark or in Finland [5, 8].
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Table 5 Mortality of bloodstream infection (BSI) in two time periods in an area of Mid-Norway. Number of deaths and observed and
standardized mortality rates are shown
2002–2007

2008–2013

Group of BSI

n

Observed
mortality ratea
(95% CI)

Age and sex
standardized
mortality rateb

n

Observed
mortality ratea
(95% CI)

Age and sex
standardized
mortality rateb

All BSIs

158

37 (32–44)

35

141

32 (17–53)

29

CA-BSI

50

12 (9–16)

11.0

35

7.9 (5.5–11.0)

7.1

HCA-BSI

77

18 (15–23)

17.0

86

19 (16–24)

17.3

HA-BSI

31

7 (5–11)

7.0

20

4.5 (2.8–7.0)

4.1

Urinary tract

28

7 (4–10)

6.2

35

7.9 (5.5–11.0)

7.0

Lungs

47

11 (8–15)

10.4

28

6.3 (4.2–9.1)

5.7

Biliary tract

7

1.7 (0.7–3.5)

1.6

8

1.8 (0.78–3.6)

1.5

Gastrointestinal tract

11

2.6 (1.2–4.7)

2.4

5

1.1 (0.37–2.6)

1.0

Skin or soft tissue

16

3.8 (2.2–6.2)

3.5

18

4.1 (2.4–6.4)

3.7

Other

14

3.4 (1.8–5.6)

3.0

14

3.2 (1.7–5.3)

2.9

Unknown

35

8 (6–12)

7.8

33

7.5 (5.1–10.4)

6.8

Gram-negative BSI

64

15 (12–20)

14.4

64

14 (11–18)

13.0

Gram-positive BSI

81

19 (15–24)

17.9

63

14 (11–18)

12.7

Polymicrobial or fungal BSI

13

3.1 (1.7–5.3)

2.8

14

3.2 (1.7–5.3)

2.8

Escherichia coli

31

7 (5–11)

7.1

28

6.3 (4.2–9.1)

5.7

Streptococcus pneumoniae

22

5 (3–8)

4.8

9

2.1 (0.9–3.8)

1.9

Staphylococcus aureus

30

7 (5–10)

6.7

30

7 (5–10)

6.1

Klebsiella spp.

8

1.7 (0.7–3.5)

1.6

12

2.7 (1.4–4.7)

2.4

Place of acquisition

Infection focus

Microbe group

c

Microbes (the four most common)

a

Death within 30 days of BSI episodes per 100,000 person-years (417,682 person-years in 2002–2007; 442,948 person-years in 2008–2013)
b
age and sex standardized to the population of Norway 2010
c
mortality in BSI episodes with less common microbes is shown in Additional file 1: Table S7

Alternatively, the true mortality rate of BSI may have decreased, but the higher detection rate of BSIs may have
led to more deaths being attributed to BSI, thus masking
a true decline in mortality. In 2007, we updated our local
recommendations on sepsis diagnosis and treatment,
based on the guidelines of the international Surviving
Sepsis Campaign [39], and we performed regular teaching sessions about sepsis for physicians and nurses and
implemented standardized observation of patients with
suspected sepsis at the wards. Earlier detection and
treatment may have improved survival of BSI towards
the end of the study period. An in-depth discussion of
case fatality rate in the present BSI cohort is given elsewhere [18–22].
The high incidence and mortality of BSI in the older
ages in our study, particularly in men, corresponds to
what has also been reported by others [4, 6, 40, 41].
While the absolute number of BSIs decreased beyond
85 years, the population beyond this age is progressively

smaller and the incidence continued to increase. As the
proportion of older people will rise in our part of the
world in the decades to come [12, 13], the challenges associated with BSI will escalate.
Compared to our results, HA-BSI accounted for a
higher proportion of BSIs (15–58%) in most recent publications, whereas CA-BSI accounted for a lower proportion (18–44%) [1, 42]. An increasing rate of HCA-BSI
with time, similar to our results, was also recently reported from Denmark [8], whereas another Danish study
found no change with time in HCA-BSI, though reported decreasing incidence rates for both CA-BSI and
HA-BSI [10]. In the present study as well as in a Finnish
study [6], Gram-negative BSI was most frequent in females whereas Gram-positive BSI predominated in
males. During the study period, Gram-negative BSIs increased whereas Gram-positive BSIs decreased. Similar
trends were found in Australia [43]. In Finland, however,
both Gram-positive and Gram-negative BSIs increased
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Table 6 Age-adjusted time trends in bloodstream infection (BSI) mortality stratified by sex. BSI rate ratios per calendar year by
Poisson regression are shown
Females

Males

Mortality rate ratio (95% CI)

p-value

Mortality rate ratio (95% CI)

p-value

1.014 (0 .965–1.067)

0.58

0.974 (0.933–1.017)

0.23

Community acquired

0.917 (0.838–1.002)

0.056

0.979 (0.8980–1.068)

0.64

Health care-associated

1.074 (0.999–1.154)

0.052

0.982 (0.928–1.039)

0.53

Hospital acquired

0.998 (0.882–1.129)

0.97

0.915 (0.825–1.015)

0.095

Urinary tract

0.989 (0.893–1.095)

0.83

1.114 (1.001–1.239)

0.047

Lungs

1.018 (0.908–1.140)

0.76

0.910 (0.838–0.988)

0.024

Biliary tract

0.982 (0.740–1.303)

0.90

1.030 (0.867–1.226)

0.73

Gastrointestinal tract

0.978 (0.800–1.195)

0.83

0.891 (0.724–1.097)

0.28

Skin or soft tissue

1.007 (0.855–1.186)

0.93

0.994 (0.880–1.122)

0.92

Other

0.913 (0.782–1.065)

0.25

1.024 (0.879–1.193)

0.76

Unknown

1.086 (0.981–1.202)

0.11

0.922 (0.836–1.017)

0.10

Gram-negative BSI

1.023 (0.953–1.098)

0.53

1.011 (0.941–1.085)

0.77

Gram-positive BSI

0.999 (0.921–1.084)

0.99

0.937 (0.884–0.993)

0.027

Polymicrobial or fungal BSI

0.952 (0.829–1.093)

0.49

1.072 (0.911–1.260)

0.40

BSI, all
Place of acquisition

Infection focus

Microbe group

Microbes (the four most common)
Escherichia coli

1.014 (0.911–1.129)

0.79

0.957 (0.964–1.060)

0.40

Streptococcus pneumoniae

0.971 (0.812–1.161)

0.75

0.850 (0.745–0.971)

0.017

Staphylococcus aureus

0.985 (0.880–1.103)

0.80

0.972 (0.882–1.070)

0.56

Klebsiella spp.

1.169 (0.960–1.425)

0.12

1.107 (0.916–1.338)

0.29

during 2004–2007 [6]. In most other BSI studies as well
as in the present study, [4, 8, 11, 38, 44] E. coli, S. pneumoniae, and S. aureus were the three most commonly
occurring BSI microbes, accounting for more than onehalf of all BSI episodes. The incidence rate of E. coli was
higher in our study than in other studies (43 per 100,000
person-years reported both from Finland [6] and England [7]), which, however, also included children. One
Danish study [10] found a decreasing incidence rate of
E. coli (70 to 57 per 100,000 person-years). However, another Danish study [8] reported an increasing rate of E.
coli and reported increased rates of BSI from the urinary
tract, similar to the pattern observed by us.
A decreasing occurrence [11, 45–48] and mortality
[47] of S. pneumoniae is reported in Norway and other
countries after the introduction of pneumococcal
conjugate vaccines. In Norway, the vaccine was
implemented in the immunization program for children
in 2006. However, a reduced occurrence of invasive
pneumococcal infection is seen also among adults and
even among elderly people, due to a herd effect [11, 47].
Furthermore, pneumococcal vaccine is recommended
for people >65 years and for those who have undergone

an invasive pneumococcal infection. Noteworthy, the
decreased rate of S. pneumoniae BSI in our study was
observed in males but not in females. A possible explanation of this sex difference may be differences in
smoking habits, which is a risk factor for invasive
pneumococcal disease [49]. The peak prevalence of
smoking in Norwegian males occurred 20 years earlier
than in females, whose peak prevalence cohort is now
in the age group 65–79 years [50].
The incidence of S. aureus BSI in our study was similar
to a recent study from an area of South-East Norway (27.6
per 100,000 person-years) [32]. The present study as well as
others [6, 32] found a higher rate of S. aureus BSI in males
than in females. The large proportion of HCA infections
among the S. aureus BSIs was also described in a previous
report from our catchment area [21]. Klebsiella spp.
showed a higher and more increasing (10 to 18 per 100,000
person-years) incidence rate in our study than was found in
a Canadian study (7 per 100,000 during 2000–2007) [51]. A
nationwide study of invasive Pseudomonas aeruginosa infection in Norway 1999–2002 found an incidence rate of
3.2 per 100,000 person-years [31], which was lower than
was found in the present study. The incidence rate of
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candida BSI in our study was slightly lower than what was
found in a nationwide study from Norway 2004–2012 (3.9
per 100,000 person-years) [30].
The incidence rate of MRSA in our study was similar to
what was found in Copenhagen, Finland, and Western
Sweden 2005–08 (<1 per 100,000 person-years) [36], and
much lower than what was found in Canada and Australia
2005–08 (7.4 and 4.9 per 100,000 person-years) [36] and in
the US and the UK 2006–08 (22 and 3.5 per 100,000
person-years) [52]. Even though ESBL-E has been a rapidly
increasing challenge the last 15 years [53, 54], populationbased incidence rates for ESBL-E are, so far, not commonly
reported. Two Canadian studies found substantially higher
and more increasing rates of community onset infections
with ESBL-producing microbes (5.5 per 100,000 personyears in 2000–2002 [55], 10.6 per 100,000 person-years
some years later [53]) than in the present study.

Conclusions
Overall, both the incidence and the mortality rates of BSI
increased significantly by age, particularly in males. As the
proportion of older people increases, geriatric BSIs will be
an escalating challenge. The rate of BSI episodes increased
through the study period, but the mortality rate was mainly
unchanged, and the case fatality rate decreased. A more
than twofold increase in the rate of BSI sampling may have
contributed to the detection of milder and ultimately less
fatal episodes and a shift towards higher proportions of female sex, Gram-negative etiology, and urinary tract site,
but earlier detection and improved treatment may have had
impact. In pneumococcal BSI, the incidence as well as the
mortality decreased in males but not in females. Pneumococcal vaccine probably has contributed, and the difference
between sexes is possibly due to sex-specific changes in
smoking habits. We observed very low yet slightly increasing rates of microbes with acquired resistance.
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5-year age groups stratified by sex. Table S2. Incidence and mortality of
hospital acquired bloodstream infection. Table S3. Incidence of
bloodstream infection and blood culture sampling by calendar year.
Table S4. Incidence and mortality of hospital acquired bloodstream
infection in 2002–2007 compared to 2008–2013. Table S5. Less common
bloodstream infection microbes in two time periods in an area of MidNorway. Table S6. Mortality of bloodstream infection in 5-year age
groups stratified by sex. Table S7. Mortality of bloodstream infection with
less common microbes. Table S8. Case fatality rate of bloodstream infection in two time periods. Table S9. Rate of blood culture sampling in
2002–2007 compared to 2008–2013. (DOCX 60 kb)
Abbreviations
ADR: Acquired drug resistance; BSI: Bloodstream infection; CA: Community
acquired; ESBL-E: Extended-spectrum beta-lactamase producing Enterobacteriaceae; HA: Hospital acquired; HCA: Healthcare-associated; MRSA: Methicillin-resistant
Staphylococcus aureus; PNSP: Penicillin-non-susceptible pneumococci

Page 12 of 14

Acknowledgments
We would like to thank our research nurses for diligent and accurate work in
the data collection process. We would also like to thank the staff at the
Microbiology Laboratory, Levanger Hospital, for consecutively including cases
and sending registration forms to physicians treating the patients at the wards.
Funding
This work is supported by the Unit for Applied Clinical Research, Norwegian
University of Science and Technology; the Liaison Committee between the
Central Norway Regional Health Authority (RHA) and the Norwegian
University of Science and Technology (NTNU); St Olav’s University Hospital;
the Norwegian Surveillance Programme for Antimicrobial Resistance; and by
Nord-Trøndelag Hospital Trust’s Fund for Research and Improvement.
Availability of data and material
The data that support the findings of this study are available from NordTrøndelag Hospital Trust but restrictions apply to the availability of these data,
which were used under license for the current study, and so are not publicly
available. Data are however available from the authors upon reasonable request
and with permission of Nord-Trøndelag Hospital Trust.
Authors’ contributions
AM conceived the study and participated in design, data collection, statistical
analysis, interpretation of the data, and drafting of the manuscript. BOÅ
participated in design, statistical analysis, data interpretation, and drafting of the
manuscript. SL participated in design, statistical analysis, data interpretation, and
drafting of the manuscript. JP participated in design, data collection and drafting
of the manuscript. ES contributed to design, interpretation of the data, and
drafting of the manuscript. JKD participated in study design, data interpretation
and drafting of the manuscript. SH participated in design, data interpretation, and
drafting of the manuscript. THE participated in design, data collection, statistical
analysis, and drafting of the manuscript. All the authors read and approved the
final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study was approved by the Regional Committee for Medical and Health
Research Ethics, Health Region IV, Norway. The Ethics Committee waived the
need for informed consent, as this was an observational study, the treatment
of the patients was standard, and no samples were taken for the purposes of
the research.
Author details
1
Department of Medicine, Levanger Hospital, Nord-Trøndelag Hospital Trust,
post box 333, Levanger N-7601, Norway. 2Unit for Applied Clinical Research,
Department of Cancer Research and Molecular Medicine, Norwegian
University of Science and Technology, Trondheim, Norway. 3Mid-Norway
Sepsis Research Group, Faculty of Medicine, NTNU, Trondheim, Norway.
4
Department of Public Health and General Practice, Norwegian University of
Science and Technology, Trondheim, Norway. 5Department of
Endocrinology, St Olav’s Hospital, Trondheim University Hospital, Trondheim,
Norway. 6Regional Centre for Child and Youth Mental Health and Child
Welfare – Central Norway, Norwegian University of Science and Technology,
Trondheim, Norway. 7Centre of Molecular Inflammation Research,
Department of Cancer Research and Molecular Medicine, Norwegian
University of Science and Technology, Trondheim, Norway. 8Clinic of
Anaesthesia and Intensive Care, St Olav’s Hospital, Trondheim University
Hospital, Trondheim, Norway. 9Department of Circulation and Medical
Imaging, Norwegian University of Science and Technology, Trondheim,
Norway. 10Department of Infectious Diseases, St Olav’s Hospital, Trondheim
University Hospital, Trondheim, Norway. 11Department of Research and
Development, Haukeland University Hospital, Bergen, Norway. 12Department
of Clinical Science, University of Bergen, Bergen, Norway. 13Department of
Surgery, Levanger Hospital, Nord-Trøndelag Hospital Trust, Levanger, Norway.

Mehl et al. BMC Infectious Diseases (2017) 17:205

Page 13 of 14

Received: 7 September 2016 Accepted: 24 February 2017
23.
References
1. Goto M, Al-Hasan MN. Overall burden of bloodstream infection and
nosocomial bloodstream infection in North America and Europe. Clin
Microbiol Infect. 2013;19(6):501–9.
2. Filice GA, Van Etta LL, Darby CP, Fraser DW. Bacteremia in Charleston
County, South Carolina. Am J Epidemiol. 1986;123(1):128–36.
3. Madsen KM, Schonheyder HC, Kristensen B, Sorensen HT. Secular trends in
incidence and mortality of bacteraemia in a Danish county 1981-1994.
APMIS. 1999;107(3):346–52.
4. Uslan DZ, Crane SJ, Steckelberg JM, Cockerill 3rd FR, St Sauver JL, Wilson
WR, Baddour LM. Age- and sex-associated trends in bloodstream infection:
a population-based study in Olmsted County, Minnesota. Arch Intern Med.
2007;167(8):834–9.
5. Skogberg K, Lyytikainen O, Ruutu P, Ollgren J, Nuorti JP. Increase in bloodstream
infections in Finland, 1995-2002. Epidemiol Infect. 2008;136(1):108–14.
6. Skogberg K, Lyytikainen O, Ollgren J, Nuorti JP, Ruutu P. Population-based
burden of bloodstream infections in Finland. Clin Microbiol Infect. 2012;
18(6):E170–176.
7. Wilson J, Elgohari S, Livermore DM, Cookson B, Johnson A, Lamagni T,
Chronias A, Sheridan E. Trends among pathogens reported as causing
bacteraemia in England, 2004-2008. Clin Microbiol Infect. 2011;17(3):451–8.
8. Sogaard M, Norgaard M, Dethlefsen C, Schonheyder HC. Temporal changes
in the incidence and 30-day mortality associated with bacteremia in
hospitalized patients from 1992 through 2006: a population-based cohort
study. Clin Infect Dis. 2011;52(1):61–9.
9. Douglas MW, Lum G, Roy J, Fisher DA, Anstey NM, Currie BJ. Epidemiology of
community-acquired and nosocomial bloodstream infections in tropical Australia:
a 12-month prospective study. Trop Med Int Health. 2004;9(7):795–804.
10. Nielsen SL, Pedersen C, Jensen TG, Gradel KO, Kolmos HJ, Lassen AT.
Decreasing incidence rates of bacteremia: a 9-year population-based study.
J Infect. 2014;69(1):51–9.
11. Laupland KB. Incidence of bloodstream infection: a review of populationbased studies. Clin Microbiol Infect. 2013;19(6):492–500.
12. High KP. Why should the infectious diseases community focus on aging
and care of the older adult? Clinical Infectious Diseases. 2003;37(2):196–200.
13. Schneider EL. Aging in the third millennium. Science. 1999;283(5403):796–7.
14. Nathan C, Cars O. Antibiotic resistance–problems, progress, and prospects.
N Engl J Med. 2014;371(19):1761–3.
15. World Health Organization: Antimicrobial resistance: Global report on
surveillance. Geneva; 2014. http://www.who.int/drugresistance/documents/
surveillancereport/en. Accessed 15 Aug 2016.
16. Siegman-Igra Y, Fourer B, Orni-Wasserlauf R, Golan Y, Noy A, Schwartz D,
Giladi M. Reappraisal of community-acquired bacteremia: a proposal of a
new classification for the spectrum of acquisition of bacteremia. Clinical
Infectious Diseases. 2002;34(11):1431–9.
17. Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, Lamm W,
Clark C, MacFarquhar J, Walton AL, et al. Health care-associated bloodstream
infections in adults: a reason to change the accepted definition of
community-acquired infections. Ann Intern Med. 2002;137(10):791–7.
18. Mehl A, Harthug S, Lydersen S, Paulsen J, Asvold BO, Solligard E, Damas JK,
Edna TH. Prior statin use and 90-day mortality in Gram-negative and Grampositive bloodstream infection: a prospective observational study. European
Journal Of Clinical Microbiology & Infectious Diseases. 2014;34(3):609–17.
19. Torsvik M, Gustad LT, Mehl A, Bangstad IL, Vinje LJ, Damas JK, Solligard E.
Early identification of sepsis in hospital inpatients by ward nurses increases
30-day survival. Crit Care. 2016;20(1):244.
20. Mehl A, Åsvold BO, Kümmel A, Lydersen S, Paulsen J, Haugan I,
Solligård E, Damås JK, Harthug S, Edna TH. Trends in antimicrobial
resistance and empiric antibiotic therapy of bloodstream infections at a
general hospital in Mid-Norway: a prospective observational study. BMC
Infect Dis. 2017;17(1):116.
21. Paulsen J, Mehl A, Askim A, Solligard E, Asvold BO, Damas JK. Epidemiology
and outcome of Staphylococcus aureus bloodstream infection and sepsis in
a Norwegian county 1996-2011: an observational study. BMC Infect Dis.
2015;15:116.
22. Askim A, Mehl A, Paulsen J, DeWan AT, Vestrheim DF, Asvold BO, Damas JK,
Solligard E. Epidemiology and outcome of sepsis in adult patients with

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.
39.

40.

41.

42.

43.

Streptococcus pneumoniae infection in a Norwegian county 1993-2011: an
observational study. BMC Infect Dis. 2016;16(1):223.
Nolte FS, Williams JM, Jerris RC, Morello JA, Leitch CD, Matushek S, Schwabe
LD, Dorigan F, Kocka FE. Multicenter clinical evaluation of a continuous
monitoring blood culture system using fluorescent-sensor technology
(BACTEC 9240). J Clin Microbiol. 1993;31(3):552–7.
Murray PR, Baron EJ, Jorgensen JH, Pfaller MA, Yolken RH. Manual of Clinical
Microbiology. 8th ed. Washington: American Society for Microbiology; 2003.
Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, Opal
SM, Vincent JL, Ramsay G, et al. 2001 SCCM/ESICM/ACCP/ATS/SIS International
Sepsis Definitions Conference. Intensive care medicine. 2003;29(4):530–8.
Haug JB, Harthug S, Kalager T, Digranes A, Solberg CO. Bloodstream
infections at a Norwegian university hospital, 1974-1979 and 1988-1989:
changing etiology, clinical features, and outcome. Clinical Infectious
Diseases. 1994;19(2):246–56.
Weinstein MP, Reller LB, Murphy JR, Lichtenstein KA. The clinical significance
of positive blood cultures: a comprehensive analysis of 500 episodes of
bacteremia and fungemia in adults. I. Laboratory and epidemiologic
observations. Rev Infect Dis. 1983;5:35–53.
Lydersen S, Fagerland MW, Laake P. Categorical data and contingency
tables. In: Veierød S, Lydersen S, Laake P, editors. Medical statistics in clinical
and methodological research. Oslo: Gyldendal akademisk; 2012. p. 48–89.
Sandven P, Bevanger L, Digranes A, Haukland HH, Mannsaker T, Gaustad P,
Norwegian Yeast Study G. Candidemia in Norway (1991 to 2003): results
from a nationwide study. J Clin Microbiol. 2006;44(6):1977–81.
Hesstvedt L, Gaustad P, Andersen CT, Haarr E, Hannula R, Haukland HH,
Hermansen NO, Larssen KW, Mylvaganam H, Ranheim TE, Sandven P.
Twenty-two years of candidaemia surveillance: results from a Norwegian
national study. Clin Microbiol Infect. 2015;21(10):938–45.
Iversen BG, Brantsaeter AB, Aavitsland P. Nationwide study of invasive
Pseudomonas aeruginosa infection in Norway: importance of underlying
disease. J Infect. 2008;57(2):139–46.
Blomfeldt A, Eskesen AN, Aamot HV, Leegaard TM, Bjornholt JV. Populationbased epidemiology of Staphylococcus aureus bloodstream infection: clonal
complex 30 genotype is associated with mortality. European Journal Of
Clinical Microbiology & Infectious Diseases. 2016;35(5):803–13.
Naseer U, Steinbakk M, Blystad H, Caugant DA. Epidemiology of invasive group
A streptococcal infections in Norway 2010-2014: A retrospective cohort study.
European Journal Of Clinical Microbiology & Infectious Diseases. 2016;35(10):
1639–48.
Flaatten H. Epidemiology of sepsis in Norway in 1999. Crit Care. 2004;8(4):
R180–184.
Iversen G, Scheel O. Epidemiological aspects of community-acquired and
hospital-acquired bacteremia in northern Norway. Scand J Infect Dis. 1993;
25(4):465–70.
Laupland KB, Lyytikainen O, Sogaard M, Kennedy KJ, Knudsen JD,
Ostergaard C, Galbraith JC, Valiquette L, Jacobsson G, Collignon P, et al. The
changing epidemiology of Staphylococcus aureus bloodstream infection: a
multinational population-based surveillance study. Clin Microbiol Infect.
2013;19(5):465–71.
Laupland KB. Defining the epidemiology of bloodstream infections: the
‘gold standard’ of population-based assessment. Epidemiol Infect. 2013;
141(10):2149–57.
Laupland KB, Church DL. Population-based epidemiology and microbiology of
community-onset bloodstream infections. Clin Microbiol Rev. 2014;27(4):647–64.
Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, GeaBanacloche J, Keh D, Marshall JC, Parker MM, et al. Surviving Sepsis
Campaign guidelines for management of severe sepsis and septic shock.
Crit Care Med. 2004;32(3):858–73.
Laupland KB, Gregson DB, Flemons WW, Hawkins D, Ross T, Church DL.
Burden of community-onset bloodstream infection: a population-based
assessment. Epidemiol Infect. 2007;135(6):1037–42.
Laupland KB, Pasquill K, Parfitt EC, Naidu P, Steele L. Burden of communityonset bloodstream infections, Western Interior, British Columbia, Canada.
Epidemiol Infect. 2016;144(11):2440–6.
Son JS, Song JH, Ko KS, Yeom JS, Ki HK, Kim SW, Chang HH, Ryu SY, Kim YS,
Jung SI, et al. Bloodstream infections and clinical significance of healthcareassociated bacteremia: a multicenter surveillance study in Korean hospitals.
J Korean Med Sci. 2010;25(7):992–8.
Aung AK, Skinner MJ, Lee FJ, Cheng AC. Changing epidemiology of bloodstream
infection pathogens over time in adult non-specialty patients at an Australian

Mehl et al. BMC Infectious Diseases (2017) 17:205

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 14 of 14

tertiary hospital. Communicable Diseases Intelligence Quarterly Report. 2012;36(4):
E333–341.
Reacher MH, Shah A, Livermore DM, Wale MC, Graham C, Johnson AP, Heine
H, Monnickendam MA, Barker KF, James D, et al. Bacteraemia and antibiotic
resistance of its pathogens reported in England and Wales between 1990 and
1998: trend analysis. BMJ. 2000;320(7229):213–6.
NORM/NORM-VET. Usage of Antimicrobial Agents and Occurrence of
Antimicrobial Resistance in Norway 2014. In: Tromsø / Oslo. ISSN:1502-2307
(print) / 1890-9965(electronic). 2015.
van der Poll T, Opal SM. Pathogenesis, treatment, and prevention of
pneumococcal pneumonia. Lancet. 2009;374(9700):1543–56.
Harboe ZB, Dalby T, Weinberger DM, Benfield T, Molbak K, Slotved HC,
Suppli CH, Konradsen HB, Valentiner-Branth P. Impact of 13-valent
pneumococcal conjugate vaccination in invasive pneumococcal disease
incidence and mortality. Clinical Infectious Diseases. 2014;59(8):1066–73.
Bruce MG, Deeks SL, Zulz T, Bruden D, Navarro C, Lovgren M, Jette L,
Kristinsson K, Sigmundsdottir G, Jensen KB, et al. International Circumpolar
Surveillance System for invasive pneumococcal disease, 1999-2005. Emerg
Infect Dis. 2008;14(1):25–33.
Nuorti JP, Butler JC, Farley MM, Harrison LH, McGeer A, Kolczak MS, Breiman
RF. Cigarette smoking and invasive pneumococcal disease. Active Bacterial
Core Surveillance Team. N Engl J Med. 2000;342(10):681–9.
Lund I, Lund KE. Lifetime smoking habits among Norwegian men and
women born between 1890 and 1994: a cohort analysis using crosssectional data. BMJ Open. 2014;4(10):e005539.
Meatherall BL, Gregson D, Ross T, Pitout JD, Laupland KB. Incidence, risk
factors, and outcomes of Klebsiella pneumoniae bacteremia. Am J Med.
2009;122(9):866–73.
Lessa FC, Mu Y, Davies J, Murray M, Lillie M, Pearson A, Fridkin SK. Comparison
of incidence of bloodstream infection with methicillin-resistant Staphylococcus
aureus between England and United States, 2006-2007. Clinical Infectious
Diseases. 2010;51(8):925–8.
Laupland KB, Church DL, Vidakovich J, Mucenski M, Pitout JD. Communityonset extended-spectrum beta-lactamase (ESBL) producing Escherichia coli:
importance of international travel. J Infect. 2008;57(6):441–8.
Vlieghe ER, Huang TD, Phe T, Bogaerts P, Berhin C, De Smet B, Peetermans
WE, Jacobs JA, Glupczynski Y. Prevalence and distribution of beta-lactamase
coding genes in third-generation cephalosporin-resistant
Enterobacteriaceae from bloodstream infections in Cambodia. European
Journal Of Clinical Microbiology & Infectious Diseases. 2015;34(6):1223–9.
Pitout JD, Hanson ND, Church DL, Laupland KB. Population-based laboratory
surveillance for Escherichia coli–producing extended-spectrum βlactamases: importance of community isolates with blaCTX-M genes. Clinical
Infectious Diseases. 2004;38(12):1736–1741.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

