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INTRODUCTION

Bacteremia is associated with increased morbidity and mortality,
and ranks among the top seven causes of death in North America
and Europe [1]. Of great concern, the incidence rate of bactere-
mia has increased for decades while short-term prognosis has
remained unchanged or improved only slightly [2-4]. Consequent-
ly, we are facing an increased number of bacteremia survivors for
whom we know little about long-term survival and causes of
death [5]. The epidemiology of bacteremia is changing with age-
ing of the population, shifts in healthcare, and advances in medi-

cine such as increased use of immunosuppressive treatment,
intravascular devices and invasive procedures [6]. Contemporary
knowledge on the epidemiology and outcome of bacteremia is
important to assess its impact on public health and is a prerequi-
site for any effective prevention and improvement of prognosis.

The aims of this thesis were to investigate the occurrence of
bacteremia in the general population and among hospitalized
patients, and to investigate long-term mortality and causes of
death after bacteremia.

INTRODUCTION TO BACTERIA AND DISEASE

In humans, bacteria reside in a relationship that can be commen-
salistic, mutualistic or parasitic [7,8]. Most bacteria in humans live
in a commensalistic relationship; they live off but do not help or
harm the host. In a mutualistic relationship both the bacteria and
the host benefit; the bacteria feed of the host but keep other
harmful microbes from taking up residence. Examples are bacte-
ria that live inside the mouth, nose, throat, and intestines of
humans as part of the normal flora, also termed “the indigenous
microbiota”. In a parasitic relationship the bacteria benefit while
the host is harmed; the bacteria evade the host’s immune system
and grow at the expense of the host. Such parasitic bacteria are
potential pathogens and may colonize and invade the host, and
cause disease.

On a daily bases, the body is exposed to hordes of potential
pathogens. Bacteria enter the body through easily accessible sites
such as broken skin, the gastrointestinal track, the respiratory
system or via indwelling catheters. The transition from coloniza-
tion of the host to clinical disease is complex and determined by
factors not limited to microbe pathogenicity and host defense
mechanisms [9,10]. Local infections may develop when bacteria
manage to escape the host immune mechanisms while dissemi-
nation into the bloodstream occurs when the immune response
fails to control bacterial spread.

A disseminated infection often triggers a systemic inflamma-
tory response in the body, which in the presence of an infection is
denoted sepsis. The word sepsis originates from Greek and means
“decomposition of animal or vegetable organic matter in the
presence of bacteria”, and was first encountered in Homer’s
poems as a derivative of the verb form sepo, which means “/ rot”
[11]. Sepsis is defined by a range of clinical and paraclinical crite-
ria and is categorized according to severity into sepsis, severe
sepsis and septic shock with increasing mortality [12-15]. Most
patients with bacteremia fulfill the criteria for sepsis [16-19] while
less than 50% of patients with sepsis have bacteremia [13,20-23].
In fact, a recent Danish study by Henriksen et al. (2014) found
that only 10% of hospitalized acute medical patient with sepsis of
any severity had bacteremia; the occurrence of bacteremia in-
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creased with sepsis severity (5% for sepsis, 12% for severe sepsis,
and 38% for septic shock) [22].

INTRODUCTION TO BACTEREMIA

DEFINITION OF BACTEREMIA

Bacteremia is defined as the presence of viable bacteria in the
bloodstream as evidenced by growth in blood cultures where
contamination has been ruled out [24-26]. Contamination occurs
when blood cultures are positive due to microorganisms not
present in the bloodstream and may result from inadequate
sterile technique in obtaining blood cultures [27]. Positive blood
cultures with predominantly pathogenic microorganisms such as
Escherichia coli or Streptococcus pneumoniae usually indicate true
bacteremia; in contrast, it may be difficult to determine the signif-
icance of blood cultures with common skin contaminants [28]. In
everyday clinical practice the diagnosis of bacteremia is based on
all available microbiological and clinical data [26,29]. However,
this approach is not feasible if data are collected retrospectively
from microbiological databases or electronic surveillance systems
because they often lack clinical data. Instead, computer algo-
rithms that rely on blood culture data alone without clinical data
have been developed to distinguish between true bacteremia and
contamination [30-32]. Most bacteremias can be considered
clinically important since blood cultures are normally drawn upon
signs of infection. However, transient bacteremia without clinical
symptoms may occur as a result of dental manipulation, oro-
tracheal intubation or simply tooth brushing [33-35]. In this the-
sis, we use the collective term bacteremia to denote both bacte-
remia and fungemia (presence of fungi in the bloodstream).

CLASSIFICATION OF BACTEREMIA
Bacteremia can be classified according to place of acquisition,
causative microorganism and focus of infection.

Place of acquisition

Bacteremias have traditionally been classified according to place
of acquisition as either community-acquired or nosocomial [29].
Community-acquired bacteremias were those evident or incubat-
ing at the time of admission whereas nosocomial bacteremias
were those occurring after admission. The differentiation was
based on all available clinical information. However, many studies
have used a 48-hour [26,27,36-40] or 72-hour time limit [41,42]
after admission to distinguish between community-acquired and
nosocomial bacteremia and such a predefined time limit has its
merits. First, it facilitates comparison between studies. Second,
because bacteremia databases based on retrospectively collected
data often comprise thousands of bacteremias it would be ex-
tremely labor intensive to ascertain place of acquisition by de-
tailed chart review. Also, chart review may be biased due to in-
terobserver variance [43]. No consensus on a fixed time limit has
been reached and in accordance with Leibovici et al [44], we have
recently shown that no specific time limit unambiguously distin-
guish between community and hospital acquisition with regard to
patient characteristics or causative microorganisms [45].

An increasing number of patients have frequent contacts with
the healthcare system in outpatient clinics where they receive
medical care such as chemotherapy or hemodialysis. In 2002,
Friedman et al. acknowledged the importance of distinguishing
between community-acquired bacteremia in patients with no
recent healthcare contact (denoted community-acquired bacte-

remia) and in patients with recent healthcare contact (denoted
healthcare-associated bacteremia) since these two groups of
patients show important differences with respect to clinical char-
acteristics, isolated microorganisms and outcome [38]. In short,
Friedman et al.’s definitions of healthcare-association included at
least one of the following: recent hospitalization, residence in a
nursing home or long-term care facility, recent attendance at a
hospital clinic for hemodialysis or intravenous therapy, or receipt
of specialized medical service at home. Although the definitions
by Friedman et al. have been widely used varying definitions are
being published across the literature [2,31,39,46-48]. In summary,
bacteremia can be classified according to place of acquisition as
either community-acquired, healthcare-associated or nosocomial.

Causative microorganisms

Bacteremias may be classified according to the general class of
microorganisms (e.g. Gram-negative rods) or specific microorgan-
isms that have invaded the bloodstream [49]. In the Western
countries, the most common causes of bacteremia among non-
selected populations are Escherichia coli, Staphylococcus aureus,
and Streptococcus pneumoniae [2,50-55]. In the developing coun-
tries Salmonella enterica serotype Typhi predominates and ac-
counts for 30% of all bacteremias [56,57]. The distribution of
microorganisms is closely related to place of acquisition and focus
of infection. Escherichia coli and Staphylococcus aureus are com-
mon causes of bacteremia regardless of place of acquisition. In
addition Streptococcus pneumoniae often causes community-
acquired bacteremia while coagulase-negative staphylococci,
Pseudomonas species, Enterococcus species, fungi and multiple
organisms (polymicrobial bacteremias) to a higher degree cause
healthcare-associated and nosocomial bacteremia
[2,36,52,58,59].

Focus of infection

In general, the most common foci of bacteremia are the urinary
tract, lower respiratory tract and gastrointestinal tract [2,52].
However, the distribution of foci varies according to place of
acquisition and isolated microorganism, which may provide clues
as where to search for the focus of infection. Community-
acquired bacteremias are often caused by infection of the urinary
tract or the lower respiratory tract whereas healthcare-associated
and nosocomial bacteremias are more often associated with
catheter-related infections [38,60,61]. The focus of infection
remains unknown in about 22% of bacteremia patients [62].

Knowledge on the interdependent relationship between place of
acquisition, causative microorganisms and focus of infection can
help clinicians search for foci and guide choice of appropriate
empirical antibiotics.

THE OCCURRENCE OF BACTEREMIA

Population-based studies are commonly accepted as the optimal
design for establishing the occurrence of bacteremia in a popula-
tion. Population-based studies aim to ascertain all cases of bacte-
remia in a well-defined geographical area with a known popula-
tion size where non-residents are excluded [55,63].

The first population-based study to report on the occurrence
of bacteremia was conducted in Charlson County, South-Carolina,
USA during 1974-1976 [64]. The authors reported an overall
incidence rate of 80 per 100,000 person years (42 for community-
acquired, 31 for nosocomial, and 7 for unknown). The incidence
rate was highest for neonates, infants and the oldest; 84% of the
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patients were registered with an underlying medical condition;
the most common causative microorganisms were Escherichia
coli, Staphylococcus aureus, Klebsiella, and Streptococcus pneu-
moniae; and the most common foci were the urinary tract (26%)
and pulmonary tract (17%).

Since the 1980s, reported incidences rates of bacteremia have
ranged from 95 to 215 per 100,000 person years in population-
based studies [2,3,50-52,54,60,65-68] and most studies have
reported an increasing trend [2,3,51,54,65,67]. The incidence is
excepted to increase in the future owing to factors not limited to
ageing of the population, increased longevity of patients with
chronic disease, advances in provided healthcare such as immu-
nosuppressive treatment and invasive procedures, lowered
threshold for taking blood cultures and improvement in blood
culture methodology [27,69]. In particular, more bacteremias are
expected because of an increasing average life-expectancy since
the elderly are at highest risk of bacteremia [51,52] and since the
incidence has increased the most among the elderly [51]. The
incidence of bacteremia has increased quite dramatically during
the past decades as evidenced in studies by Madsen et al. in
Denmark (102% increase during 1981-1994) [3], Rodriguez-
Créixems et al. in Spain (107% increase during 1985-2006) [67],
Sggaard et al. in Denmark (68% increase during 1992-2006) [2],
and Skogberg et al. in Finland (14% increase during 2004—2007)
[54]. This annual increase in the mentioned studies ranged be-
tween 3.5% and 5.6%.

Population-based studies have rarely distinguished between
community-acquired, healthcare-associated and nosocomial
bacteremia and the distribution of microorganisms and trends for
these categories of bacteremia remains poorly elucidated
[2,60,68]. Regardless of place of acquisition, the incidence of
bacteremia increased in Northern Jutland, Denmark during 1992—
2006 with the largest increase seen for healthcare-associated
bacteremia (from 3 bacteremias per 100,000 person years in 1992
to 40 bacteremias per 100,000 person years in 2006) [2]. Alt-
hough less pronounced, Laupland et al. confirmed this increasing
trend for healthcare-associated bacteremia in Calgary, Canada
during 2000-2008 [68]. In the same study, no trend was seen for
community-acquired or nosocomial bacteremia. Finally, studies
limited to community-acquired bacteremia without considering
healthcare-association have reported either no trend or an in-
creasing trend [53,70,71].

Why are population-based studies on the occurrence of and
trend in bacteremia of importance?

First, population-based studies on the occurrence of bacte-
remia can be used to determine its importance in absolute terms
and relative to other major health conditions. A Canadian study
by Laupland et al. estimated that community-onset bacteremia
affects nearly 1/1000 residents per year (which was comparable
to that of stroke, myocardial infarction and major trauma) and
accounted for one hospital day per 100 residents per year [53].
On a larger scale, Goto et al. estimated that nearly 2 million bac-
teremias and 250,000 deaths occur annually in Europe and North
America [1]. Consequently, bacteremia ranked among the top
seven causes of death in the included countries. Based on these
numbers, Goto et al. speculated that the worldwide annual num-
ber of deaths from bacteremia may be comparable to or higher
than each of human immunodeficiency virus (HIV), tuberculosis,
and malaria. However, it may be more accurate to conclude that
the deaths were associated with rather than caused by bactere-
mia as causality was not established in the study.

Second, population-based studies can be used to evaluate the
impact of restructurings of healthcare and/or preventive

measures on the epidemiology of bacteremia in the general
population. Hospital-based studies of selected populations (e.g.
nosocomial bacteremia) cannot stand alone since fewer noso-
comial bacteremias may simply be a consequence of a shift in
healthcare from in-hospital care to outpatient clinics [53,68,71].
Therefore, studies should report community-acquired,
healthcare-associated, and nosocomial bacteremia separately as
trends within acquisition groups may otherwise remain undetect-
ed.

Third, population-based studies can detect changes in the dis-
tribution of microorganisms or emerging trends in the community
or healthcare setting. This is important as timely appropriate
empirical antibiotic treatment reduces mortality [72,73]. As men-
tioned, Escherichia coli, Staphylococcus aureus and Streptococcus
pneumoniae have remained the predominant causative microor-
ganisms for decades [55]. However, interesting shifts have been
observed for less frequent microorganisms. Already in the 1980s,
Sjoberg et al. noted that “The reason why Pseudomonas aeru-
ginosa and Enterococcus faecalis, two relatively antibiotic-
resistant organisms, show a tendency to increase since the begin-
ning of this decade is not known...However, if this tendency con-
tinues it will be necessary to ascertain the cause and take ade-
quate action” [50]. This notion underlines the importance of
contemporary surveillance studies from different geographical
areas and time-periods since such studies may detect emerging
trends at an early stage, guide prescription of appropriate empiri-
cal antibiotics and inform infection control policy.

As mentioned, hospital-based studies are inappropriate to es-
timate the occurrence of bacteremia in the general population.
However, together with local and nationwide surveillance pro-
grams they are useful to monitor the occurrence of bacteremia
among hospitalized patients and may provide a measure of pre-
vention and control [28,74,75]. Previous studies have reported on
incidences of nosocomial bacteremia and have shown that the
occurrence of bacteremia differ greatly by specialty [59,74,76,77].
Studies have also documented that nosocomial bacteremia is
associated with increased mortality, length of stay and costs of
care [78,79]. Further risk factors for nosocomial bacteremia have
been identified such as male sex, recent operative procedures,
indwelling intravascular catheters, and nosocomial infections
[76,77]. However, to our knowledge no study has addressed the
timing of bacteremia among all hospitalized patients and there-
fore it remains unknown whether patients are at constant risk of
bacteremia during hospitalization or if the daily risk (incidence)
displays a decreasing or increasing trend with longer admission
time. This can only be evaluated by providing denominator data
in the form of duration and course of hospitalization for all admit-
ted patients. Knowledge on where and when specific groups of
patients are at high risk of bacteremia during hospitalization
could help clinicians to identify and prevent bacteremias and
hospital hygiene committees to identify problem areas where
targeted preventive measures or intensified surveillance are
needed [28].

THE PROGNOSIS OF BACTEREMIA
Knowledge on the prognosis of bacteremia is important to pa-
tients who wish to know what to expect from their disease, clini-
cians who wish to identify and modify predictors of death, and
healthcare policy makers who wish to investigate whether re-
structurings of healthcare may improve the prognosis.

Several studies have revealed a dismal short-term prognosis
for bacteremia patients with 30-day mortality rates ranging from
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12% to 24% [2,3,19,60,68] with even higher rates for patients in
intensive care units (41%) [80] or with septic shock (51%) [81].
Fewer studies have assessed long-term mortality after bacteremia
with rates ranging from 11% to 63% at one year [18,19,82-89],
49% to 55% at 3 years [18,83] and 63% at 4 years [19]. However,
most of these studies were hospital-based [18,19,83], restricted
to specific microorganisms [85,88,89], or had limited follow-up
time to one year [84].

In recent years, increased attention has been paid to long-
term outcomes of severe infections and it has been hypothesized
that a bidirectional relationship exist between sepsis and chronic
health; poor chronic health predisposes to sepsis and sepsis may
in turn worsen chronic health [5,90]. A similar relationship is likely
to exist for bacteremia and chronic health. Figure 1 displays a
conceptual model for the relationship between acute disease
(e.g. bacteremia), chronic disease and death.
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Figure 1

Conceptual model of the relationship of acute disease, chronic
disease and death by Yende et al [90] (Reproduced with permis-
sion from Springer Science).

Different potential outcomes follow bacteremia: (A) complete
recovery; (B) death shortly after bacteremia; or (C) partial recov-
ery and new onset or worsening of existing comorbidity followed
by multiple acute events, eventually leading to death. In addition,
one could imagine a scenario (D) similar to scenario C but without
acute events—such a scenario would also result in curtailed life
expectancy. Of note, the conceptual model describes the rela-
tionship between bacteremia and outcome on an individual level
whereas studies describe the overall effect of bacteremia on
outcome in a study population. That is, a study that report excess
long-term mortality after bacteremia does not preclude that
some patients may fully recover and return to pre-bacteremia
health.

We know that scenario B is true as evidenced by the high
short-term mortality. The question remains whether long-term
survival after bacteremia follows scenario A (full recovery) or
scenario C/D (curtailed life expectancy) for those who survive the
acute phase of bacteremia. To evaluate this, a comparison of
individuals with and without bacteremia is needed. If scenario A is
true, we would expect the long-term survival of individuals with
and without bacteremia to be comparable (given they differ only
with respect to exposure to bacteremia). In contrast, we would
expect excess long-term mortality for bacteremia patients if
scenario C/D is true.

However, few studies have investigated survival in patients
with and without bacteremia and with conflicting results. In hos-
pital-based studies, Leibovici et al. compared the outcome in

1991 bacteremia patients and 1991 non-infected patients
matched on sex, age, department, date of hospitalization and a
range of comorbidities [19], and found mortality rates of 26% vs.
7% at one month, 48% vs. 27% at one year and 63% vs. 42% at
four years. Importantly, the excess mortality was also evident
among one-month survivors of bacteremia. Bates et al. compared
142 bacteremia patients with 142 culture-negative controls
matched on sex, age, severity of underlying disease and presence
of major comorbidity and found that bacteremia patients were in
increased risk of death within 30 days (HR 2.3, 95% Cl 1.2-4.4) but
not hereafter (HR 1.3, 95% Cl 0.76-2.1) [18]. Compared with
culture-negative patients, Sggaard et al. found no excess mortali-
ty for patients with community-acquired gram-negative bactere-
mia beyond two days of admission and for gram-positive bacte-
remia beyond seven days of admission [91].

It would be interesting to estimate the combined effect of
bacteremia, hospitalization and post-discharge sequelae on sur-
vival by comparing long-term mortality in bacteremia patients
with that of the general population—especially among bactere-
mia patients who survived the initial phase of bacteremia. How-
ever, there is a striking paucity of such studies. In a hospital-based
study, Leibovici et al. observed higher mortality rates among one-
month survivors of bacteremia compared with expected age- and
sex-standardized mortality rates in the general population (29%
vs. 6% at one year and 49% vs. 20% at 4 years) [19]. Skogberg et
al. studied the timing of death among 30,523 patients with blood-
stream infections in a nationwide Finnish study and found that
the hazard rate of death remained increased for only 60 days
compared with a sex- and age-adjusted Finnish population [54].
Of note, neither study utilized a matched comparison cohort or
accounted for potential confounders when comparing the mortal-
ity of bacteremia patients with that of the general population.

Knowledge on causes of death after bacteremia could poten-
tially help determine if increased mortality is a direct conse-
quence of infection (infection as cause of death) or mediated
through new onset or worsening of existing comorbidity such as
chronic renal failure, diabetes mellitus or cardiovascular disease.
In support of the latter, studies have shown that patients with
community-acquired bacteremia are at increased risk of myocar-
dial infarction and stroke within 180 days after bacteremia, and
venous thromboembolism within 365 days after bacteremia
compared with matched population controls [92,93]. Few studies
have reported on causes of death and have identified infections,
malignancy and cardiovascular diseases as the most common
causes of death [19,82,94]. However, none of these studies con-
sidered causes of death among long-term survivors of bacteremia
and no comparison was made with the general population.
Knowledge on causes of death, especially compared with the
general population, could eventually help determine if bactere-
mia survivors can be targeted for specific interventions already at
hospital discharge.

Summary

Little is known about the occurrence of bacteremia and trends in
the general population and few studies have distinguished be-
tween community-acquired, healthcare-associated and nosocom-
ial bacteremia. Despite bacteremia being an important nosocomi-
al infection, we lack knowledge on the daily risk during
hospitalization. We know little about long-term mortality and
causes of death after bacteremia in particular compared with the
general population.
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D. Raoult and H. Richet on the question if bacteremia is the
most neglected cause of death in Europe [95]:

“It appears that one of the European priorities should be to
have an objective evaluation of the incidence and mortality of
bacteraemia, in particular of that related to healthcare, eventual-
ly by using computer algorithms. This is a prerequisite for any
efficient fight against it.”

AIMS OF THE THESIS

STUDY I:

To investigate the occurrence of and trends in first-time bactere-
mia and distribution of microorganisms in the general population;
overall and by place of acquisition

STUDY II:
To investigate the overall and daily incidences of bacteremia
among hospitalized patients

STUDY Il
To investigate and compare long-term mortality and causes of
death after bacteremia with the general population

MATERIALS AND METHODS

SETTING

All three studies were conducted in Funen County, Denmark,
which comprises a main island (Fyn) and a number of smaller
islands for a total size of 3,099 square km (Figure 2). Funen Coun-
ty consists of mixed rural and urban areas with an 2008 midyear
population of 483,123 residents (396,398 were >15 years of age).
Free tax-funded universal healthcare was provided by general
practitioners, one university-affiliated tertiary care center (Oden-
se University hospital) and 7 community-hospitals (Svendborg,
Nyborg, Middelfart, Zrg@, Langeland, Faaborg and Bogense). The
latter three community-hospitals closed during the study period.
Additionally, Odense University hospital received patients need-
ing highly specialized treatments from a catchment population
outside Funen County of approximately 800,000 residents. All
specialities were represented and only patients requiring allogen-
ic bone marrow or solid organ transplantation (except kidney)
were referred out of the region for care.

L™

Figure 2
An overview of Denmark with Funen County highlighted in red.

DATA SOURCES

All contacts with the Danish healthcare system are recorded in
administrative and research registries at an individual level, and
may be used for research purposes conditioned on approval by
the relevant authorities. The principles of data linkage and the
data sources used in studies I-lll are described below.

THE DANISH CIVIL REGISTRATION SYSTEM

The Danish Civil Registration System (CRS) is an administrative
register established on 2 April, 1968 [96,97]. It holds daily updat-
ed information on date of birth, sex, marital status, place of resi-
dence, migration and vital status (alive, dead, or disappeared) for
all individuals residing in Denmark who 1) were born alive by a
mother already registered in the CRS, 2) were baptized and regis-
tered in a Danish electronic church register, or 3) have resided
legally in Denmark for at least 3 months. Each individual in CRS is
assigned a unique non-changeable ten-digit Civil Personal Register
(CPR) number that allows unambiguous record linkage between
administrative and research registers in Denmark. This principle
of data linkage was used in studies I-lll. Data on place of resi-
dence was used in studies | and Ill. Data on marital status was
used in studies | and Ill. Data on migration and vital status was
used in study lil.

BACTEREMIA DATABASE

The Danish Observational Registry of Infectious Syndromes (DO-
RIS) is a microbiological research database comprising all bacte-
remias in Funen County between May 1999 and December 2008.
DORIS was established in cooperation between the Department
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of Clinical Microbiology and the Department of Infectious Diseas-
es at Odense University Hospital in 2008.

In Funen County, all blood cultures were drawn at hospitals.
Protocol dictated that blood cultures were drawn under aseptic
conditions by venipuncture and consisted of two aero-
bic/anaerobic blood culture sets (2x2x10 mL blood). All blood
cultures were sent to the Department of Clinical Microbiology at
Odense University Hospital and results were recorded in the local
Patient Administrative System from May 1999 to December 2005
and the MADS system thereafter [98]. All Blood cultures were
incubated and screened for growth of microorganisms for 6 days
or until detected positive using the Difco ESP blood culture sys-
tem (Difco Laboratories, Detroit, USA) in 2000 and the Bactec
9240 system (Becton Dickinson, NJ, USA) thereafter. Routine
methods for identification of bacteria are based on conventional
characterization [99], the Danish reference program [100], and
automated identification using Vitek 2 (bioMérieux, Marcy
I'Etoile, France).

Main variables in DORIS include: CPR number, sex, age, date
of bacteremia, number of bacteremia episode for each patient,
clinical department (at time of venipuncture), clinical specialty
(medicine, surgery, intensive care, or pediatrics), place of acquisi-
tion (community-acquired, healthcare-associated, or nosocomial),
and isolated microorganisms. “Date of bacteremia” was defined
as the date of first venipuncture that yielded a positive blood
culture. In case this date was missing (12%), we used the never
missing date of receipt of blood culture at the Department of
Clinical Microbiology, Odense University Hospital. The exact time
stamp for blood culture draw was not routinely recorded. Data on
bacteremias were used in studies I-Ill.

FUNEN COUNTY PATIENT ADMINISTRATIVE SYSTEM

Funen County Patient Administrative System (FPAS) was estab-
lished in 1973 and contains data on all admissions to somatic
hospitals in Funen County. Data on outpatient and emergency
department visits have been recorded since 1989. Data include
CPR number, sex, age, dates of admission and discharge at a
department level, date of death during hospitalization (if rele-
vant), and discharge diagnoses assigned by the attending physi-
cians according to the ICD-8 until 1993 and the ICD-10 thereafter.
We used FPAS to establish the study population and determine
the course of hospitalization in study II.

THE DANISH NATIONAL REGISTRY OF PATIENTS

The Danish National Registry of Patients (DNRP) was established
in 1977 and contains data on all admissions to public somatic
hospital in Denmark [101] with outpatient contacts and emergen-
cy department visits recorded since 1995. Data completeness is
almost 100% [102] and include CPR number, the dates of admis-
sion and discharge, as well as surgical procedures and discharge
diagnoses assigned by the attending physicians according the ICD-
8 until 1993 and the ICD-10 thereafter. The DNRP was used to
determine dates of admission and discharge (used to define place
of acquisition for bacteremias), and to identify preexisting
comorbidities including a history of alcohol dependency in studies
I and 11l

THE DANISH PSYCHIATRIC CENTRAL RESEARCH REGISTER

The Danish Psychiatric Central Research Register contains data on
admissions to psychiatric hospitals in Denmark since 1969 [103].
Data include CPR number, the dates of admission and discharge,
as well as surgical procedures and discharge diagnoses assigned

by the attending physicians according the ICD-8 until 1993 and
the ICD-10 thereafter. Alike DNRP, the register was used to de-
termine dates of admission and discharge, and to identify dis-
charge diagnoses associated with a history of alcohol dependency
in studies | and 11l

ODENSE PHARMACOEPIDEMIOLOGICAL DATABASE

Odense pharmacoepidemiological database (OPED) is a regional
pharmacy-based prescription register that has captured re-
deemed prescriptions at pharmacies in Funen County since 1990
with the exception of drugs sold over the counter and drugs not
reimbursed by the county authority [104]. We used data on reim-
bursed Disulfiram (trade name Antabus®) to determine a history
of alcohol dependency in studies I and IIl.

THE DANISH CANCER REGISTRY

The Danish Cancer Registry was founded in 1942 and contains
data on new cases of cancer in Denmark [105]. Reporting to the
cancer registry has been mandatory since 1987. The registry is
based on multiple notifications from different data sources and
manual quality control routines, which secure a high degree of
completeness. We used data on tumor characteristics and date of
diagnosis for all new cancers in study Ill.

THE DANISH REGISTER OF CAUSES OF DEATH

The Danish Register of Causes of Death was established in 1875
and contains individual based data on all deaths among residents
dying in Denmark [106]. Causes of death are coded according to
WHO'’s rules using the ICD-10 since 1994. For all death certificates
it is mandatory to state the underlying cause of death, which is
the disease or condition that started the process leading to death.
The underlying causes of death were grouped as shown in appen-
dix 1 and used in study Ill.

The principle of data linkage between DORIS, and administrative
and healthcare registers is shown below (Figure 3).

Funen County
Patients
Administrative
System

The Danish
Cancer
Registry

The Danish
Civil

Registration
System

The Danish
National
Registry of
Patients

Pharmaco-
epidemiological
database

The Danish
Psychiatric
Central
Research
Register

The Danish
Register of
Causes of
Death

Figure 3

Illustration of the principle of linkage between DORIS, and admin-
istrative and research registries using the unique Danish Civil
Personal Register number.
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DEFINITIONS OF VARIABLES

BACTEREMIA

We used published computer algorithms to derive bacteria epi-
sodes in DORIS [30-32]. We defined bacteremia as recognized
pathogens detected in > 1 blood culture, or common skin contam-
inants (coagulase-negative staphylococci, Bacillus spp, Propioni-
bacterium spp, Corynebacterium spp, viridans group streptococci,
Aerococcus spp, or Micrococcus spp) detected in > 2 blood culture
sets within 5 days [107,108]. The date of the first positive blood
culture set was regarded as the date of bacteremia. Polymicrobial
bacteremia was defined as isolation of > 2 different microorgan-
isms, deemed to represent bacteremia, within 2 days [109]. Posi-
tive blood cultures with the same microorganisms within 30 days
were considered part of the same bacteremia episode. We con-
sidered sameness of organisms [107]; that is, Staphylococcus
epidermidis (species) isolated from one blood culture set and
coagulase-negative staphylococci (genus) from another blood
culture set within 5 days was reported as bacteremia caused by
Staphylococcus epidermidis.

Gradel et al. have recently evaluated the performance of a
computer algorithm similar to ours against prospective ascer-
tainment of positive blood cultures in a Danish setting [31]. The
authors found a high agreement between the clinicians’ assess-
ment and the computer algorithm’s definition of positive blood
cultures as either “true” bacteremia or contamination (96.6%,
Kappa=0.83). A high agreement rate was also seen for monomi-
crobial vs. polymicrobial bacteremia (95.2%, Kappa=0.76). In line
with these results, Leal et al. found an 85% agreement between a
similar computer algorithm and manual chart review for classify-
ing positive blood cultures as either “true” bacteremia or contam-
ination [32].

PLACE OF ACQUISITION
We classified bacteremia according to place of acquisition as
community-acquired, healthcare-associated or nosocomial.

e  Community-acquired bacteremia was defined as draw of the
first positive blood culture < 2 days after admission without
discharge from a hospital or attendance at an outpatient
clinic (hematology, nephrology, or oncology) within 30 days
prior to the admission.

®  Healthcare-associated bacteremia was defined as draw of
the first positive blood culture < 2 days after admission and
discharge from a hospital or attendance at an outpatient
clinic (hematology, nephrology, or oncology) within 30 days
prior to the admission.

e Nosocomial bacteremia was defined as draw of the first
positive blood culture > 2 days after admission.

We denoted the day of admission “Day 1” and thus blood cul-
tures drawn on Day 1, Day 2 and Day 3 defined community-
acquired/healthcare-associated bacteremia.

We used a computer algorithm almost similar to that of
Gradel et al. to determine place of acquisition [31]. Gradel et al.
found an agreement of 83% (kappa 0.57) when comparing the
computer algorithm’s and physicians’ classification of bacteremi-
as as community-onset (community-acquired and healthcare-
associated) or nosocomial. The algorithm’s ability to distinguish
between the presence/absence of healthcare-association yielded

a lower agreement of 64% (kappa 0.15). In another study, Leal et
al. found an agreement of 85% (kappa 0.78) between a computer
algorithm and manual chart review for classification bacteremias
according to place of acquisition although their definition of
healthcare-associated bacteremia differed modestly from ours
[32]. Of note, a given Kappa value does not imply that one meth-
od is superior to the other; it merely reflects how often the two
methods agree on the classification of bacteremia.

As mentioned previously, the definitions by Friedman et al.
are widely used to define place of acquisition [38]. However, we
were unable to rigorously comply with these definitions but be-
lieve this had only minor impact on our results. First, we were
unable to include the use of intravenous therapy at home; how-
ever, usage of intravenous therapy was virtually non-existing in
Funen County during the study period. Second, we did not con-
sider residence in a nursing home facility; however, the policy in
Denmark is to keep even very frail elderly persons in their own
homes and only 3278 persons out of approximately 485,000
Funen County residents (0.8%) were registered as nursing home
residents in 2008 [110]. Third, in line with many studies, we used
healthcare contacts 30 days prior to admission to define
healthcare-association as opposed to 90 days as suggested by
Friedman et al [2,25,39,46,47]. Nevertheless, this is of minor
importance as we have recently shown that using a 90 day win-
dow as opposed to a 30 day window to define healthcare-
association does not impact 30-day mortality associated with
bacteremia [45].

COMORBIDITY

As a measure of patients’ comorbidity, we used the Charlson
index score [111]. The Charlson index includes 19 major disease
categories that are assigned a weighted score according to prog-
nostic severity. We grouped patients in levels of Charlson index
scores of 0, 1, 2 and 23 points. We calculated the scores based on
all previous discharge diagnoses in the Danish National Registry of
Patients and the Danish Psychiatric Central Research Register. To
ensure equal observation length for all individuals, we included
only discharge diagnoses within 6 years prior to the date of bacte-
remia (or a corresponding index date for population controls in
study I1). The Charlson index was used to characterize the study
population in study | and considered a potential confounder in
study Il

MARITAL STATUS

Marital status (married, never married, divorced-, or widow[er])
on the date of bacteremia (or a corresponding index date for
population controls in study I1l) was used as a marker of socioec-
onomic status. A large US cohort study from 2010 of patients
hospitalized with sepsis found that single men and women, and
divorced men were at greater risk of in-hospital death compared
with married men [112]. Marital status was used to describe the
study population in study | and considered a potential confound-
er in study Ill.

A HISTORY OF ALCOHOL DEPENDENCY

Alcoholism has been associated with a poor outcome after bacte-
remia and is a likely confounder [113,114]. We defined a history
of alcohol dependency as either: a redeemed prescription for
disulfiram; 21 discharge diagnosis associated with “chronic alco-
hol use”; or 22 discharge diagnoses associated with “acute alco-
hol use” within 6 years prior to bacteremia (or a corresponding
index date for population controls in study Ill). ICD-10 codes are
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listed in appendix 2. A history of alcohol dependency was used to
describe the study population in study | and considered a poten-
tial confounder in study Ill.

STUDY DESIGN AND STATISTICAL ANALYSES

Table 1 gives an overview of the study designs used in this thesis.
Population-based study designs were used for studies | and lll; we
included only adult patients (> 15 years) who were residents of
Funen County on the date of bacteremia. A hospital-based design
was used for study II; we included all adult patients admitted to
hospitals in Funen County, irrespectively of their place of resi-
dence.

Table 1. Study settings and periods, designs, and populations for studies -,

Study | Setting and period Study design Study population

Funen County, Denmark, | Population-based - Residents of Funen County

2000-2008 observational study with first-time bacteremia
0 Funen County, Denmark, | Multicenter hospital- | - All patients admitted to
2000-2008 based cohort study hospitals in Funen County

) - Residents of Funen County
il Funen County, Denmark, | Population-based e b e

2000-2011 cohort study
- Population controls

STUDY |

We conducted a population-based observational study to investi-
gate the overall incidence rate and trends in annual incidence
rates of first-time bacteremia in Funen County during 2000-2008;
overall and by place of acquisition.

In DORIS, we identified all adult residents of Funen County
with first-time bacteremia during 2000-2008 in DORIS. From
Statistics Denmark we retrieved data on the annual midyear adult
population of Funen County, which was used to calculate the
person time at risk [110]; per definition each resident contributed
with one observation year.

We calculated mean overall and annual incidence rates of
bacteremia, overall and by place of acquisition, using the formula
[115]:

Incidence rate= (Number of first time bacteremias)/(Total
person time at risk)

The overall incidence rate was calculated by dividing all first-
time bacteremias during the study period by the cumulative
annual midyear populations of Funen County during 2000-2008.
The annual incidence rates were calculated by dividing the annual
number of first-time bacteremias by the midyear population of
Funen County of the corresponding year. We standardized the
incidence rates to the sex and age distribution of the 2000 Funen
County population using direct standardization to allow for direct
comparison of the annual incidence rates. All incidence rates
were expressed as bacteremias per 100,000 person years with
95% confidence intervals (Cls) assuming a Poisson distribution.

Trends in annual incidences may be biased by prevalent bac-
teremias misclassified as first-time bacteremias. Therefore, we
imposed an individual 8-month lag period for each individual prior
to the date of first-time bacteremia [31]. The decision to use an 8-
month lag period was based on the availability of data not includ-
ed in the study period (May 1999 to December 1999). A patient
with bacteremia on 1 January 2000 was assigned a lag period
from 1 May 1999 to 31 December 1999 (8 months), whereas a
patient with bacteremia on 1 April 2000 was assigned a lag period
from 1 August 1999 to 31 March 2000 (8 months). We used this
approach to avoid unequal lengths of lag periods. In principle, we
also assigned an 8-month lag period to patients with first-time

bacteremia later than 1 September 2000; however, had these
patients experienced bacteremia within their lag period they
would merely have entered the study on an earlier date.

Trends in annual incidence rates were estimated by a Poisson
Regression model with calendar time included as a continuous
variable rather than a categorical variable as confirmed by the
likelihood ratio test. The Poisson Regression model was tested
using the Hosmer—-Lemeshow goodness-of-fit test and found
appropriate. In a sub analysis, we estimated trends in annual
incidence rates after excluding common skin contaminants be-
cause we observed a high proportion of common skin contami-
nants in 2000 and 2001 compared with 2002—-2008.

Further, we stratified the analyses of incidence rates by sex
and age groups to examine if our findings were consistent across
subgroups of patients.

Next, we reported the annual number of admissions, used
hospital bed days, and performed blood culture sets to investi-
gate if (usage of) healthcare services changed during the study
period. We calculated annual incidence rates of bacteremias per
1000 admissions, nosocomial bacteremias per 100,000 bed days,
and bacteremias per 100 blood culture set. Trends were estimat-
ed using a Poisson regression model.

Finally, we investigated trends in the distribution of microor-
ganisms. We divided the study period into three 3-year periods
(2000-2002, 2003-2005 and 2006—-2008) and the microorganisms
into 16 groups (Escherichia coli, Enterobacter species, Klebsiella
species, other Enterobacteriaceae, Pseudomonas aeruginosa,
anaerobic Gram-negative rods, other Gram-negative, Staphylo-
coccus aureus, coagulase-negative staphylococci, Streptococcus
pneumoniae, hemolytic streptococci, Enterococcus species, other
Gram-positive cocci, Gram-positive rods, fungi and polymicrobial).
Trends in proportions and crude incidence rates between the 3-
year periods were analyzed using the Chi-squared test for trend
and a Poisson regression model, respectively.

STUDY Il

We conducted a multicenter hospital-based cohort study among
adult patients admitted to somatic hospitals in Funen County to
investigate the overall and daily incidences of bacteremia during
hospitalization.

From FPAS, we included all patients admitted to somatic hos-
pitals in Funen County during 2000-2008. Outpatients were ex-
cluded. Patients were included on the day of admission (Day 1)
and followed until their first bacteremia, death, discharge or 31
December 2008, whichever came first. Data on bacteremias be-
tween 1 January 2000 and 31 December 2008 were retrieved
from DORIS and included the date of bacteremia, isolated micro-
organisms and department of blood culture draw. Patients were
allowed to contribute with multiple bacteremias during the study
period but were restricted to one bacteremia per admission.

We calculated the overall incidence of bacteremia per 1000
admissions and per 10,000 bed days with 95% Cls assuming a
Poisson distribution. Next, we calculated the number of hospital-
ized patients and bacteremias for each day of hospitalization (Day
1, 2, 3 ... >30) and computed graphs depicting the daily incidence
of bacteremia per 10,000 bed days.

To investigate if we could identify groups of patients in a par-
ticularly high or low risk of bacteremia, we reiterated the above-
mentioned analyses for sex, age groups (1564, 65-79 and 80+
years), tertiary care center/community hospitals, clinical special-
ties and microorganisms. The analyses of the daily incidences
were restricted to the most prevalent clinical specialties (internal
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medicine, abdominal surgery, hematology and oncology) and
microorganisms (Escherichia coli, Staphylococcus aureus, coagu-
lase-negative staphylococci and Streptococcus pneumoniae)
because of few daily events (bacteremias).

For clinical specialties, we considered the department of ini-
tial admission due to the complicated nature of patients being
transferred one or multiple times between wards and/or clinical
specialties. To examine if this decision had any impact on the
incidences, we performed a sensitivity analysis in which we ex-
cluded patients who were either transferred between hospitals or
clinical specialties, or transferred to the ICU. Data on transfer to
the ICU were available only from 2004 through 2008.

STUDY Il

We conducted a population-based cohort study to investigate and
compared long-term mortality and causes of death after bacte-
remia with the general population.

We included all adult residents of Funen County with a first-
time bacteremia in DORIS. For each bacteremia patient we ran-
domly sampled 5 population controls matched on sex, year of
birth and place of residency (within Funen County) using the risk
set sampling technique. Three bacteremia patients had no con-
trols and were excluded (all were 2100 year old) and 13 bactere-
mia patients had less than 5 population controls. The population
controls were assigned an index date identical to the date of
bacteremia of their corresponding bacteremia patient. Bactere-
mia patients were eligible as population controls until their first
bacteremia; hereafter they contributed with observation time
only as cases. The bacteremia patients and population controls
were followed from the date of bacteremia (or index date) until
death, loss to follow-up or 31 December 2011, whichever came
first. The study outcomes were time to death from any cause (all-
cause mortality) and time to death from a specific underlying
cause of death (cause-specific mortality).

For all-cause mortality, we used the Kaplan-Meier estimator
to construct survival curves and calculate cumulative mortality at
30 days, 90 days, 1 year, 5 years and 10 years for both bacteremia
patients and population controls. Next, we calculated mortality
rates as death per 1000 person years and the risk of death (pro-
portions of patients dying) in predefined follow-up periods after
bacteremia (0-30 days, 31-90 days, 91-365 days, 1-5 years and 5
years to end of follow up). To compare mortality in bacteremia
patients and population controls, we used Cox regression models
stratified on matched sets to calculate unadjusted and adjusted
mortality rate ratios (MRRs) for each follow-up period. The Cox
regression models were stratified because of the matched cohort
design [116]. If a bacteremia patient died during e.g. the 0-30
days follow-up period both that patient and the corresponding
population controls were excluded in the subsequent follow-up
intervals; hereby, we were able to retain the matching in each
follow-up period.

To examine if excess mortality for bacteremia patients was
mediated through cancer, we performed a sub-analysis of the
MRRs, where we excluded bacteremia patients and population
controls who were diagnosed with cancer within -/+ one year of
the date of bacteremia/index date. Finally, we stratified the anal-
yses by sex, place of acquisition, clinical department, Charlson
Index score, age groups (15-39, 40-64, 65-79, 80+ years), and
groups of microorganism(s) in follow-up periods of 0-1 year, 1-5
years and 5+ years.

For cause-specific mortality, we used Cox regression models
stratified on matched sets to calculate mortality rates per 1000

person years, unadjusted MRRs and adjusted MRRs in follow-up
periods of 0-1 year and 1+ years after the index date [102]. For
patients were cancer was the underlying cause of death, we
compared the proportions of deaths from specific types of can-
cers in bacteremia patients and population controls using the chi-
squared test.

In the Cox regression models the following factors were a pri-
ori considered clinically relevant and adjusted for as potential
confounders: comorbidity (Charlson Index score 0, 1, 2, or 23), a
history of alcohol dependency (yes/no) and marital status (mar-
ried, divorced, widow[er] or never married). In the Cox regression
models were we either excluded cancer patients or stratified by
comorbidity, we had to break the matching and instead use a
regular Cox regression model adjusted for sex, year of birth,
comorbidity, a history of alcohol dependency and marital status.

The proportional hazard assumptions of the Cox regression
models for each follow-up period were assessed graphically with
log-log plots and found appropriate.

ETHICS

The studies were approved by the Danish Data Protection Agency
(2013-41-2579). In accordance with Danish law, observational
studies performed in Denmark do not need approval from the
Medical Ethics Committee.

MAIN RESULTS

STUDY |
We identified 9408 patients with first-time bacteremia; 7786
were included in the study and 1622 were excluded (1280 pa-
tients with residency outside Funen County, 320 patients < 15
years of age and 22 patients with bacteremia during the lag peri-
od). The median age of the included patients was 72 years (inter-
quartile range, 60-81) and 54% were males. Of the 7786 included
bacteremias, 3565 (46%) were community-acquired, 1806 (23%)
were healthcare-associated and 2415 (31%) were nosocomial.
The mean overall incidence rate was 215.7 (95% Cl, 210.9—
220.5) per 100,000 person years during 2000-2008 including 99.0
(95% Cl, 95.8-102.3) for community-acquired, 50.0 (95% Cl, 47.7—
52.3) for healthcare-associated and 66.7 (95% Cl, 64.0-69.4) for
nosocomial bacteremia. The incidence rate decreased by 23.3%
(95% Cl, 17.8%—28.4%) from 254.1 in 2000 to 198.8 in 2008 corre-
sponding to a mean decrease of 3.3% per year (95% Cl, 2.4-4.1%)
(Figure 4). After excluding common skin contaminants, we still
observed a decrease of 2.0% per year (95% Cl, 1.1-3.0%). Also,
the decreasing trend was observed for both men and women, and
across all age groups.
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Figure 4
Trends in sex and age standardized incidence rates of first-time
bacteremia in Funen County, Denmark, during 2000-2008.

The decreasing trend could not be explained by fewer blood
cultures; in fact, the number of performed blood culture sets
increased by 28.8% (95% Cl, 27.4—30.3%) from 2000 to 2008. In
the same period, the number of admissions decreased slightly by
4.9% (95% Cl, 4.2%—5.6%) while the number of used hospital bed
days decreased markedly by 24.7% (95% Cl, 24.5-25.0%).

When stratifying by place of acquisition, we found that the in-
cidence rate of community-acquired bacteremia decreased by
25.6% (95% Cl, 17.6—32.8%) from 119.0 per 100,000 person years
in 2000 to 93.8 in 2008 corresponding to a mean decrease of 3.7%
per year (95% Cl, 2.4-4.8%) (Figure 5). The incidence rate of nos-
ocomial bacteremia decreased by 28.9% (95% Cl, 19.6—-37.2%)
from 82.2 per 100,000 person years in 2000 to 56.0 in 2008
corresponding to a mean decrease of 4.2% per year (95% Cl, 2.7—
5.7%). Finally, the incidence rate of healthcare-associated bacte-
remia remained more of less stable throughout the study period
with a non-significant decrease of 1.3% per year (95% Cl, 0.0—
3.1%; p=0.17).
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Figure 5

Trends in sex and age standardized incidence rates of first-time
bacteremia by place of acquisition in Funen County, Denmark,

during 2000-2008.

The most common microorganisms were Escherichia coli
(28.3%), Staphylococcus aureus (12.3%), coagulase-negative
staphylococci (10.0%) and Streptococcus pneumoniae (9.1%).
During the study period, we observed decreasing crude incidence
rates for Escherichia coli, Staphylococcus aureus, coagulase-
negative staphylococci and Streptococcus pneumoniae, and in-
creasing crude incidence rates for Pseudomonas aeruginosa and
enterococci species (p<0.05 for all the mentioned microorgan-
isms).

The figures below display the microorganisms that showed a
statistically significant trend (p<0.05) in proportions during the
study period for community-acquired (Figure 6), healthcare-
associated (Figure 7) and nosocomial bacteremia (Figure 8). Re-
gardless of place of acquisition, the proportion of bacteremias
caused by coagulase-negative staphylococci decreased while the
proportions caused by Enterococcus species increased.
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Figure 6. Microorganisms causing community-acquired bactere-
mias that displayed a statistically significant trend in proportions
during the study period. CNS: coagulase-negative staphylococci.
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Microorganisms causing healthcare-associated bacteremias that
displayed a statistically significant trend in proportions during the
study period. CNS: coagulase-negative staphylococci.
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Figure 8

Microorganisms causing nosocomial bacteremias that displayed a
statistically significant trend in proportions during the study peri-
od. CNS: coagulase-negative staphylococci.

STUDY II
We included 276,586 adult patients with 724,339 admissions to
somatic hospitals in Funen County for a total of 4,531,744 bed
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days. The median age at admission was 59 years (IQR, 40-73) and
54.2% were females. Most patients were admitted to the tertiary
care center (62.9%) and patients were rarely transferred between
hospitals (2.8%) or clinical specialties (4.5%), or transferred to the
intensive care unit (4.2%). Patients were most often admitted to
the Departments of Internal Medicine (29.0%), Abdominal Sur-
gery (14.9%) or Orthopedics (13.2%).

We identified 10,281 first bacteremias per admission in 8818
patients. Compared with non-bacteremia patients, bacteremia
patients were more likely to be males (55 % vs. 46%), of older age
(median age 69 vs. 59 years), and to have longer length of stay
(15 vs. 3 days). Further, bacteremia patients were more often
admitted to the tertiary care center (66% vs. 63%), transferred
between hospitals (11% vs. 3%) or clinical specialties (21% vs.
5%), transferred to the intensive care unit (20% vs. 4%), and
initially admitted to the Departments of Internal Medicine (53%
vs. 29%), Hematology (7% vs. 2%), Oncology (7% vs. 5%) or Neph-
rology (4% vs. 1%).

The overall incidence of bacteremia was 14.2 per 1000 admis-
sions (95% Cl, 13.9-14.5) and 23.6 per 10,000 bed days (95% Cl,
23.1-24.0). The incidence per 1000 admissions and per 10,000
bed days was highest for males, elderly individuals (>65 years),
and patients initially admitted to the Departments of Hematolo-
gy, Nephrology, Internal Medicine, Urology or Oncology. Among
all subgroups of patients, the highest incidences were seen for
patients initially admitted to the Department of Hematology with
61.3 bacteremias per 1000 admissions (95% Cl, 57.1-65.9) and
123.7 bacteremias per 10,000 bed days (95% Cl, 115.1-132.8).
Exclusion of patients who were transferred between hospitals or
clinical departments, or transferred to the intensive care unit
lowered the incidences but did not change the rank order of
bacteremias per 1000 admissions or per 10,000 bed days (data
not shown).

Almost 20% of the patients were discharged on the day of
admission and 75% were discharged within one week of admis-
sion. We identified almost half the bacteremias on the day of
admission and two-thirds within 3 days of admission while less
than 25% of the bacteremias occurred beyond seven days of
admission.

The incidence on the day of admission (Day 1) was 68.9 (95%
Cl, 67.0-70.8) per 10,000 bed days and declined rapidly to ap-
proximately 9 per 10,000 bed days on Day 3—7. Hereafter, it in-
creased steadily to around 18 per 10,000 bed days on Day 12
followed by a more or less constant daily incidence (Figure 9).
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Figure 9
The daily incidence of bacteremia per 10,000 bed days among

patients admitted to hospitals in Funen County, Denmark, during
2000-2008.

As displayed in Figure 10-13, we found that the daily inci-
dences varied according to age, admission to the tertiary care
center vs. community-hospitals, department of initial admission,
and microorganisms. As an example, the incidence was highest
for the elderly (80+ years) on the day of admission (Day 1) but
lowest beyond 7 days of admission (Figure 10).
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Figure 10
The daily incidence of bacteremia among hospitalized patients by
age.
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Figure 11

The daily incidence of bacteremia among hospitalized patients by
type of hospital.
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Figure 12
The daily incidence of bacteremia among hospitalized patients by

clinical specialties.
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Figure 13
The daily incidence of bacteremia among hospitalized patients by
microorganisms.

STUDY Il

We included 7783 patients with first-time bacteremia and 38,906
population controls. The median age was 72 years (IQR 59-81)
and 54% were male. Compared with population controls, bacte-
remia patients more often had a history of alcohol dependency
(7% vs. 1%) and a Charlson Comorbidity score of 2 (21% vs. 8%) or
>3 (23% vs. 4%). A total of 118/7783 (1.5%) bacteremia patients
were lost to follow-up of whom 115/118 (97%) emigrated.

All-cause mortality

Kaplan-Meier survival curves for bacteremia patients and popula-
tion controls showed marked differences in long-term survival
with a median survival time of 2.2 years for bacteremia patients
and more than 12 years for population controls (Figure 14).

Kaplan-Meier survival estimates
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Figure 14

Kaplan-Meier survival curves of bacteremia patients and popula-
tion controls matched on sex, year of birth, and residency during
12 years of follow-up.

The cumulative mortality for bacteremia patients and popula-
tion controls was 22.0% vs. 0.2 % (30 days), 30.1% vs. 0.6% (90
days), 41.4% vs. 2.6% (1 year), 63.0% vs. 16.8% (5 years), and
75.8% vs. 36.6% (10 years).

The mortality rates for bacteremia patients were higher in all
follow-up periods compared with population controls resulting in
excess mortality rates ranging from 3159.0 (95% Cl, 3008.8—
3309.8) per 1000 person years at risk (PYR) 0-30 days after bacte-
remia to 35.6 (95% Cl, 28.4-42.9) per 1000 PYR from 5 years after
bacteremia to end of follow up (Table 2).

Table 2. Risk and relative risk of death among bacteremia patients compared with population controls
matched on sex, year of birth, and residency in Funen County, Denmark, during 2000-2008.

vereons D3RS B4 0F MR per 1000 Excess MRper  Unadjusted  Adjusted

SrOM parsonsat  PYR PYR 1000 PYR MRR MRR!
risk) (95% Cl) (95% C1) (95%C1) (95%C1)

0-30days

Bacteremia 31825 31500 1284 1153

patients 7783 17142200 539 (30354 33368 (3008.8-33098) (101.9-1618) (88.2-150)

Population 25

. mo0s 752 me 20 1 (Ref) 1 (Ref)

31-90days

Bacteremia 670.8 646.2 30.8 232

patients 6068 627(103) 935 (503 7354) (5036-6989)  (25.1-37.8)  (18.5-20.1)

Population 246

Eohees 7m0 e es 0 1(Ref) 1 (Ref)

91-365 days

Bacteremia 2381 2114 106 74

patients 5440 881(162) 3700 )19 j544)  (1956-2272)  (95-118)  (65-8.4)

Population 267

oty 3535 76420) 28626 200 1(Ref) 1 (Ref)

1-5years

Bacteremia 171 782 37 29

patients 4556 1608(363) 13729 (1115 1530)  (72.4-84.0) (3.5-4.0) (27-3.2)

Population 389

Loy a2 sess(as) 108490 980 1(Ref) 1 (Ref)

Syears—end

of follow up

Bacteremia 89.1 356 27 21

patients s AuEm 6B g e (28.4-42.9) (2.4-29) (18-23)

Population 534

i e wis aoar3) 7ean P 1 (Ref) 1 (Ref)

PYR: person years at risk

; MR: mortality rate; MRR: mortality rate ratio; Cl: confidence interval. * Computed by

stratified Cox regression model (stratified on matched sets) and adjusted for comorbidity (CharlsonIndexscore0, 1, 2,

23), @ history of alcohol dependency (yes/no) and marital status (married, divorced, widow{er] or never married).

The adjusted MRR was highest 0-30 days after bacteremia
(aMRR 115.3; 95% Cl, 88.2—150.9) and decreased in the subse-
quent follow-up periods; however, the aMMR remained two-fold
increased even after 5 years (aMRR 2.1; 95% Cl, 1.8-2.3).

Excluding bacteremia patients and population controls diag-
nosed with cancer within -/+ 1 year of the index date had very
little impact on the risk estimates (data not shown).
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In the stratified analyses, we were unable to identify any
group of bacteremia patients, who had a survival comparable to
that of population controls although statistical significance was
not reached for all microorganisms among 5 years survivors of
bacteremia. Within the first year after bacteremia, factors associ-
ated with a high relative risk of death compared with population
controls were young age (<65 years old), low comorbidity score,
being in the intensive care unit, nosocomial bacteremia and fun-
gemia. Among one-year survivors of bacteremia, young age and
fungemia were associated with a particularly unfavorable out-
come.

Cause-specific mortality

Cancer and cardiovascular diseases were the most common caus-
es of death (displayed the highest mortality rates) throughout
follow-up for both bacteremia patients and population controls
(Table 3).

The relative risk of death (risk of death for bacteremia pa-
tients compared with population controls) displayed a different
pattern. During the first year of follow-up, the relative risk of
death was highest for genitourinary diseases (aMRR 100.4; 95%
Cl, 37.0-272.8), infectious diseases (aMRR 83.6; 95% Cl, 38.9—
179.7) and blood/immune diseases (aMRR 72.0; 95% Cl, 12.9—
401.9). Among one-year survivors of bacteremia, the relative risk
of death was increased from all specific causes of death with no
clear pattern as most 95% confidence intervals overlapped. The
highest relative risks was seen for musculoskeletal/skin diseases
(aMRR 6.9; 95% Cl, 3.2-14.8), in situ/benign neoplasms (aMRR
6.8; 95% Cl 3.2-14.1), and infectious diseases (MRR 4.6; 95% Cl,
2.8-7.7) but these three causes of death accounted for only 103
deaths among bacteremia patients compared with 599 deaths
from cardiovascular diseases and 600 deaths from cancer.

Table 3. Risk, mortality rate, and relative risk of cause-specific death among bacteremia patients compared
with population controlsin follow-up periods of 0—1 yearsand 1+ years.

0-1 year 1+ year
e Mortality rst2 Adjustad Martality rate 4y g
a’i;:: per 1000person  MRR® [95% d’:;:; "E’lagf’rz”“" WRRE
years (955 CI) clj 195 &1 {9536 C1)
Cancar
Bacteremiz patients 1200 (37.2) 232.0 263 600 (27.1) 29.3 2.8
(219.2-245.5)  (21.6-32.0) [27.0-31.7) (2.52.2)
Population controls 240 (22.8) 53 1 1065 (22.0) 54 1
(5.5-7.1) (7.5-83)
Cardiovascular disaases
Bacteremiz patients 657 (20.4) 127.0 130 593 (27.1) 29.2 2.2
(117.7-137.1)  (11.0-15.3) (27.0-31.5) (1.32.4)
Population controls 378 (35.6) 23 1 1676 (34.6) 13.1 1
18.0-11.0) [12.5-13.8)
Digestive systemdiseases
Bactaramis patients 364 (113 704 55.7 156 (7.1 75 37
(62.5-78.0)  [40.8-105.8) (6.5-8.3) (2.84.9)
Population controls 42 (4.0} 11 1 188 (3.9) 15 1
(0.5-15) 1.3-17)
Respiratory diseases
Bacteremiz patients 269 (2.3 520 170 260 (11.8) 127 23
46.1-58.8)  (12.7-227) (11.2-24.3) (1.3-2.8)
Population controls 115 (10.8) 20 1 615 [12.7) 48 1
(2.5-32.5) 18.5-5.2)
Infectious diseases
Bactaramiz patients 158 (4.3 305 236 47 [21) 23 a5
(26.1-357)  [383-173.7) (17-3.1) (2.87.7)
Population cortrols 14 (1.3) 0.4 1 54(1.3) 0.5 1
(0.2-0.5) 10.4-0.6)
Genitournary disssses
Bactzramis patients 111 2.4) 215 100.4 84 (3.8) a1 5.4
[17.8-25.8)  [37.0-272.8) 13.3-5.1) (2.68.1)
Populztion controks 13 (12) 0z i 99 [2.0) 08 1
(0.2-0.5) 10.6-1.0)
Endocrine disesses
Bactaramiz patients 98 (3.0} 133 153 110 (5.0} 54 37
(15.5-23.1) (8.6-27.3) {8.5-5.5) (2.6-5.2)
Population controls 44 (4.1) 12 1 150 (3.1 12 1
(0:5-1.8) (1.0-14)
Tnjury/potoning
Bactaramiz patients 73 (2.3) 142 141 4420 33 21
(11.2-17.8) (8.3-23.8) (1.5-23) (1.43.2)
Population cortrols 33 (3.7) 10 1 125 (2.5) 1.0 1
(0.8-14) (0.8-12)
ii—defined causes
Bactaramis patients 70 (2.2) 135 104 87 3.9) a2 2.3
110.7-17.1) [6.4-16.7) 3.4-5.2) (172.2)
Population controls 58 (5.5) 15 1 232 (4.8) 18 1
(1.2-2.0) (1.6-2.1)
Nervoussystem diszases
Bactaramiz patients 54(17) 104 141 85 (2.3) 32 24
(8.0-13.6) (8.1-24.3) (2.5-4.0] (1L7-3.3)
Population controls 30 (2.8) 08 1 187 (3.9) fis 1
(0.6-1.1) 11.3-17)

Mental disorders/drug sbus

Bactaremiz patients 50 (1.6) 9.7 56 91 (4.1) 44 18
[7.3-12.8) (3.5-9.0) (3.6-5.5) [1.42.4)
Population contrals 57 (5.4) 15 1 321 (5.6} 25 1
(1.2-2.0) (2.3-2.8)
Tusculaske etal/skin
diseases
Bacteramiz patiants 47 (1.5) 9.1 471 31(1.4) 15 6.9
(6.8-12.1) (15.4-144.3) (1.1-2.2) (3.2-14.8)
Fopulztion cortrols 11 (1.0) LE] 1 38 (0.8) 03 1
(0.2-0.5) (0.2-0.4)
In situ/ben gn neaplzsms
Bacteremia patients 43 (1.3) 8.3 429 25(1.1) 1.2 6.8
[6.2-11.2)  (146-126.0) (0.8-1.8) (2.214.2)
Population cortrols 710.7) 0z 1 38 (0.8) 03 1
(0.1-0.4) (0.2-0.4)
Blood/immune disezses
Bactaramiz patients 21 (0.7) 41 720 9(0.4) 0.3 16
(2.7-6.2) (12.9-401.9) (0.2-0.8) 0.64.4)
Fopulztion cortrols 2 (0.8) 02 1 27 (0.6} 02 1
(0.1-0.5) (0.2-0.3)
Mo cause of deathreported
Bacteramiz patisnts 710.2) 14 5.6 410.2) 0.20 0.3
(0.7-2.8) [1.323.8) [0.07-0.52) [0.24.5)
Fopulztion cortrols 5 (05) 01 1 16 (0.3) 0.13 1
(0.1-0.3) [0.08-0.20)
Total no. of desths 32221062 22134842
(Bactzramiz
patients/population
contrals)

* Mum ber of cause-specific deaths and percent of all deaths for bacteremia patients and population controls,
respectively. > Computed by stratified Coxregression model (stratified on matched sets)and adjusted for comorbidity
(Charlson index score 0, 1, 2, 23), a history of alcohol dependency (yes/no) and marital status (married, divorced,

widow[gr] or never married). MRR: mortality rate ratic; CI: confidence interval

DISCUSSION

METHODOLOGICAL CONSIDERATIONS

Accuracy is key when interpreting study findings and implies that
the estimates of interest are measured with little random error
(high precision) and little systematic error (high validity). System-
atic error comprises selection bias, information bias and con-
founding, which together with precision have to be critically
appraised before making inferences about study results. In the
following we will explore the presence of selection bias, infor-
mation bias and confounding, and together with precision discuss
the potential impact on the studies in this thesis. Rothman et al.
[115] state:

“The objective of an epidemiologic study is to obtain a valid
and precise estimate of the frequency of a disease or of the effect
of an exposure on the occurrence of a disease in the source popu-
lation of the study.”

Selection bias

Selection bias may occur if individuals theoretically eligible for
study are omitted from the study. As a consequence the associa-
tion between exposure and outcome may differ between those
included and those not included in the study [115]. Selection bias
may also occur if individuals lost to follow-up differ from those
who remain in the study with respect to exposure or outcome
(informative censoring).

Information bias

Information bias can result from measurement errors in the
needed information and can be divided into differential and
nondifferential misclassification. Nondifferential misclassification
occurs when the measurement error of exposure or outcome is
equally distributed among exposed and unexposed subjects; it
always biases the estimates towards the null value given expo-
sure/outcome is binary. Differential misclassification occurs when
the measurement error is unequally distributed among exposed
and unexposed subjects; it can bias the estimates both towards
and away from the null value.
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Confounding

Confounding can be considered confusion of effects. An apparent
association of exposure and outcome may in part or fully be
explained by an unequal distribution of a factor (the confounder)
between exposed and unexposed subjects. A factor that is on the
causal pathway from exposure to outcome is not considered a
confounder. Confounding can lead to an underestimation or
overestimation of effect [115].

Precision

We used 95% confidence intervals to express the statistical preci-
sion of our estimates. Statistical precision implies little variance
and can be improved by increasing the study size if the number of
outcomes also increases. The 95% confidence intervals can be
interpreted as a 95% certainty that our estimates contain the true
value of the measurement of interest in the target population
[117].

STUDY |

Information bias

All inhabitants of Funen County were under constant surveillance
for bacteremia due to the population-based design and ascer-
tainment of all blood cultures drawn within the region. Therefore,
we consider any undetected bacteremia patients misclassified as
“bacteremia-free” due to lack of information. This could happen
in several ways and the consequence would be an underestima-
tion of the true incidence rate of first-time bacteremia.

First, we cannot rule out that few individuals with bacteremia
did not seek medical attention; some may have had very mild
symptoms of infection while others had rapidly fatal infections.
Second, some patients were likely successfully treated by their
general practitioner without the need for hospitalization. In sup-
port of this, we have recently shown that patients with communi-
ty-acquired bacteremia in the Emergency Department may not
necessarily appear severely ill; one-third presented without fever
and one-third presented without sepsis [118]. Third, some bacte-
remias remained undetected if blood cultures were not per-
formed. The decision to draw blood cultures was at the attending
clinicians’ discretion as no uniform protocol existed. Fourth, some
admitted critically ill bacteremia patients probably died prior to
blood culture draw. Fifth, blood cultures may have yielded false
negative results if appropriate antibiotics were administered prior
to blood culture draw at either hospitals or by general practition-
ers. Sixth, we were unable to include residents of Funen County
with bacteremia who were either admitted to or transferred to
hospitals outside Funen County. Seventh, our computer algorithm
has probably to some degree misclassified contaminations as true
bacteremias and vice versa, which could lead to either an under-
estimation or an overestimation of the true incidence rate of
bacteremia.

These potential information biases could also have affected
our trend estimates if the impact of the biases changed during the
study period. However, this is not easily evaluated because it is
virtually impossible to assess trends in bacteremias outside hospi-
tals among non-blood cultured individuals. Further, we lacked
data on the timing of blood cultures and administered antibiotics
as well as blood cultures drawn outside Funen County. However,
we did observe that more blood cultures were drawn towards the
end of the study period, which probably reduced the number of
undetected bacteremias. Also, initiation of the Surviving Sepsis
Campaign in 2003 may have prompted protocoled management

of severely ill patients including draw of blood cultures prior to
administration of antibiotics [119].

We aimed to estimate the incidence rate of first-time (ever)
bacteremia. Therefore, patients who had experienced bacteremia
prior to the study period should be excluded from the study.
Failure to do so leads to an overestimation of the incidence rate
of first-time bacteremia. Our trend estimates would also be influ-
enced since prevalent bacteremias are likely to be clustered at
the beginning of the study period as recurrent bacteremias often
occur within months [120]. Consequently, inclusion of prevalent
bacteremias would result in an underestimation of an increasing
trend and an overestimation of a decreasing trend. We sought to
reduce this potential bias by imposing the before mentioned lag
period. To examine if the length of the lag period was appropri-
ate, we performed additional analyses where we extended the lag
period by 12 months and 24 months, respectively, without any
impact on our trend findings (results not shown).

When calculating incidence rates, Funen County can be con-
sidered an open dynamic cohort were individuals may enter or
exit the cohort one or several times. Individuals entered the
cohort if they moved into Funen County or reached the age of 15
years (in our studies) whereas they exited the cohort if they left
Funen County, died or experienced the event of interest. An
unbiased estimate of the total person time at risk for the cohort
could be calculated as the sum of the individual person times at
risk. We used a simpler and widely accepted approach: we de-
fined the total person time at risk (denominator) as the cumula-
tive annual mid-year population of Funen County without censor-
ing observation time for individuals who experienced first-time
bacteremia [115]. As long as the population growth occurred
steadily and the event of interest was rare, we expect only a slight
underestimation of the incidence rates of bacteremia.

In conclusion, we have likely underestimated the overall inci-
dence rate of bacteremia whereas we may have either underes-
timated or overestimated our trend estimates dependent on the
direction and magnitude of the potential biases.

Place of acquisition may have been misclassified for some pa-
tients although no gold standard exists to compare our results
against. As discussed earlier, there was a high agreement be-
tween a computer algorithm similar to ours, and both chart re-
view and the physicians’ clinical judgment. For bacteremias with
missing dates of venipuncture (12%), we used the never missing
date of receipt at the Department of Clinical Microbiology. This
may pose a problem as the dates of venipuncture and receipt
sometimes differed. We examined bacteremias were both the
date of venipuncture and receipt were available and found that
the date of receipt was equal to the date of venipuncture in
around half the cases, delayed by one day in around half the
cases, and delayed for more than one day in only 3% of the cases.
Consequently, few bacteremias with missing dates of draw may
have been misclassified as nosocomial rather than community-
acquired/healthcare-associated. The number of blood cultures
with a missing date of draw varied from year to year but showed
no clear trend and are therefore unlikely to have influenced our
trends estimates by place of acquisition.

Precision

We were able to report our overall incidence rates and incidence
rates by place of acquisition with high statistical precision (narrow
95% confidence intervals). Trend estimates were expressed with
modestly wider 95% confidence intervals but the overall decreas-
ing trends and the decreasing trend for community-acquired and
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nosocomial bacteremia were still highly statistically significant
(p<0.001).

STUDY Il

Selection bias

Patients entered the study on the day of admission to a hospital
in Funen County. However, patients transferred from hospitals
outside Funen County are likely to have stayed in hospitals for
days (or months), which may give rise to referral bias. Because
transferred patients had hospital stay before inclusion in our
cohort and because the incidence decreased with increasing
admission time, we may have underestimated the true incidence
of bacteremia during the first days of admission at hospitals in
Funen County. Conversely, we may have overestimated the inci-
dence during the first days of admission as transferred patients
may be at a particularly high risk of bacteremia because of the
indication for transfer (e.g. meningitis, spondylodiscitis, or the
need for surgery or intensive care). Also, the incidences in the
stratified analyses may have been affected as transferred patients
are often younger and admitted to highly specialized wards (neu-
rosurgery, thoracic surgery and the intensive care unit) compared
with non-transferred patients (data not shown). Detection bias
may have occurred if physicians were more likely to look for
bacteremias among patients a priori known to be at high risk of
bacteremia such as the elderly or patients admitted to the De-
partment of Hematology or the intensive care unit. Conversely,
the elderly or immunocompromised may have had fewer blood
cultures drawn as they often present with no or vague symptoms
of infection [121].

Information bias

As described under information bias in study I, we probably did
not ascertain all eligible bacteremia patients and consequently
underestimated the true overall incidences. However, our esti-
mates were not biased by bacteremia patients who did not seek
medical care as the hospital-based design of this study prompted
that the study population consisted of hospitalized patients only.

Precision

The extremely large cohort of admitted patients and more than
10,000 bacteremias resulted in high statistical precision and
allowed for stratified analysis of the overall incidences with nar-
row 95% confidence intervals. The daily incidences were also
estimated with high statistical precision; however, the stratified
analyses by department of initial admission or microorganisms
yielded much wide 95% confidence intervals as few bacteremias
occurred per day of admission. For the same reason we were
unable to calculate daily incidences for most microorganisms and
initial departments of admission.

STUDY Il

Selection bias

In cohort studies, informative censoring due to loss to follow-up
may pose a problem. However, this is unlikely to have occurred in
our study as we used prospective population-based registries (the
Danish Civil Registration System) with complete follow-up. Only
few patients emigrated and emigration is normally considered
non-informative and very few individuals emigrated in our study.

Selection bias may have occurred if the association between
exposure (bacteremia) and outcome (mortality) differed between
those included and those not included in the study. Selection into
the cohort of bacteremia patients depended on blood culture
draw, and as mentioned earlier patient characteristics or vague
symptoms of infection may have influenced the indication for
blood culture draw. This could have biased the relative mortality
estimates in subgroup analyses of e.g. age or comorbidity. Also,
we have probably overestimated the impact of bacteremia on
mortality because we considered only patients with bacteremia
who were hospitalized and had blood cultures drawn. Studies
have shown that most patients included in bacteremia databases
are severe cases of systemic infection [16,17], whereas individuals
with bacteremia treated by general practitioners without the
need for hospitalization are probably less severely ill and have a
better prognosis. Conversely, we have possibly underestimated
the impact of bacteremia on mortality if bacteremia remained
undetected among patients who died prior to blood culture draw.
Further, we have possibly underestimated the relative risk of
death for bacteremia patients compared with population controls
if we have inappropriately sampled population controls who had
experienced undetected bacteremia during the study period.

Information bias

Bacteremia patients presenting with severe symptoms are proba-
bly more likely to have antibiotics administered prior to blood
culture draw compared with less ill patients, which could result in
false negative blood culture results. This would lead to differential
misclassification and an underestimation of the mortality associ-
ated with bacteremia and conservative relative mortality esti-
mates.

All-cause mortality is unlikely to have been misclassified
whereas causes of death may have been both differentially and
non-differentially misclassified. The quality of the cause of death
registration on death certificates is known to vary [106]. Studies
have shown that autopsies, which are rarely performed in Den-
mark, often result in revision of the presumed cause of death
[122,123]. We reported causes of death in follow-up periods of 0—
1 years and >1 year after the index date. Differential misclassifica-
tion may have occurred during the first year of follow-up as bac-
teremia patients are more likely than population controls to have
their death attributed to certain categories of causes of death as
a diagnosis of bacteremia may direct the clinicians’ attention
towards “infectious diseases” although the true underlying cause
of disease was cancer (cause of death recorded as pneumonia
rather than pulmonary cancer). This may have resulted in overes-
timation or underestimation of the relative risk for specific causes
of death. Deaths that occurred later than one year after bactere-
mia were much less likely to be affected by a diagnosis of bacte-
remia unless the patients experienced recurrent bacteremias or
had an unresolved long-term infection. Also, the retrospective
design of our study meant that causes of death were recorded
independent of any study hypothesis. Consequently, any misclas-
sification of the underlying causes of death among long-term
survivors of bacteremia is likely to be nondifferential and thus
bias the relative risk estimates towards the null value (conserva-
tive estimates).

We retrieved information on chronic diseases from the Dan-
ish National Registry of Patients and since data were prospective-
ly recorded independently of our research hypothesis this effec-
tively rules out differential misclassification. However, the
attending physicians may have misclassified the discharge diagno-
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ses. The positive predictive values of Charlson conditions record-
ed in the Danish National Registry of Patients have been shown to
be high [124] whereas the sensitivity of Charlson conditions com-
pared with chart review is lower [125]. Also, comorbidities of
bacteremia patients are likely more comprehensively recorded
due to previous hospitalizations compared with population-based
controls. As a result, we may have underestimated our relative
risk estimates because we have not fully adjusted for the “true”
burden of comorbidity among population controls.

Confounding

We controlled for confounding by adjusting for comorbidity,
marital status and a history of alcohol dependency. Sex and year
of birth were not adjusted for because we accounted for these
factors in the matched design and the statistical models. The
observed excess long-term mortality for bacteremia patients may
in part be explained by residual confounding or unmeasured
confounding. Residual confounding results from improper cate-
gorization or misclassification of the confounder variables. Un-
measured confounders may include smoking, obesity, low educa-
tional level and low income which have all been identified as
predictors of short-term mortality among bacteremia patients
[126,127]. Other likely confounders include level of physical activ-
ity, functional status and nutritional status as well as reimbursed
medication although the latter may partly have been accounted
for in the Charlson comorbidity index.

Precision

In general, we were able to express our estimates with relative
high precision as many deaths occurred during follow-up. Howev-
er, some of the relative risk estimates displayed wide 95% confi-
dence intervals because of few events, e.g. for all-cause mortality
among 5-years survivors (especially for microorganisms) and for
cause-specific mortality among one-year survivors. In these sub-
groups of patients, the low number of events may cause models
to be over-fitted and may have resulted in type 2 errors.

DISCUSSION OF THE RESULTS IN RELATION TO THE
EXISTING LITERATURE

STUDY |

Incidence rates of bacteremia

The overall incidence rate in our study (215.7 per 100,000 person
years) was comparable to or higher than previously reported (95
to 215 per 100,000 person years) [2,3,50-52,54,60,64-68]. Several
possible explanations for this discrepancy exist.

First, some studies did not ascertain all eligible individuals as
healthcare was either not provided for all residents within the
catchment area [53,60,68], or the included laboratories did not
handle all blood cultures drawn within the catchment area
[65,66]. Second, all studies except one [60] included children who
constitute a low incidence population (except those <1 year)
[51,52]. Third, some studies excluded all bacteremia caused by
common skin contaminants [53,64]. Fourth, incidence rates de-
pend on blood culture rates as studies have found a positive
correlation between the number of drawn blood cultures and the
incidence rate of bacteremia [2,51]. A Finnish nationwide surveil-
lance study found an average blood culture rate of 3209/100,000
population, which is 30% lower than observed in our study
(4220/100,000 population) [51]. In the same Finnish study, blood

culture rates varied between health districts by a factor of two,
which may easily explain modest variations in bacteremia inci-
dences within or between countries. Fifth, incidence rates depend
on the underlying sex and age structure of the study population
as males and the elderly are at the highest risk of bacteremia [68].

Conversely, we may have underestimated the incidence rate
since we included only first-time bacteremias as opposed to all
bacteremias in most other studies. A Danish study by Jensen et al.
found that 12% of bacteremia patients experienced recurrence
within one year [120]. Thus, we would have observed modestly
higher incidence rates if we had included all bacteremias.

To put the occurrence of bacteremia in perspective, the inci-
dence rate of bacteremia was comparable to that of stroke in
Denmark during 2003-2012 (200 per 100,000 person years for
women and 260 per 100,000 person years for men) [128] and
acute myocardial infarction (AMI) for women (156 per 100,000
person years) in 2008 [129].

Few studies have reported incidence rates of bacteremia by
place of acquisition. The incidence rate of nosocomial bacteremia
in our study was in line with previous studies [2,60] whereas the
incidence rates of community-acquired and healthcare-associated
bacteremia were higher [2,53,60,64,71]. Most likely this can be
attributed to the abovementioned reasons. Further, incidence
rates of healthcare-associated bacteremia are also influenced by
criteria used to define healthcare-association and differences in
healthcare structures between institutions.

Trends in incidence rates of bacteremia

We found that the overall incidence rate decreased by 23.3%
during 2000-2008 (3.3% per year), which is in conflict with previ-
ous studies that have reported either no trend [50] or an increas-
ing trend [2,3,51,54,65,67,71]. This decreasing trend is not easily
explained especially since the number of blood cultures increased
by more than one-fourth during the study period. As such, it
seems that a threshold has been reached where more blood
cultures do not result in the detection of more bacteremias. In
favor of a general trend, we found that the incidence decreased
for both males and females, and all age groups. In 2001, we im-
plemented a new blood culture system but changes in blood
culture systems are normally associated with increased detection
rates of microorganisms in part due to larger blood volumes [69].
We were unable to find any study that compared the perfor-
mance of the two blood culture systems (Difco ESP and Bactec
9240 blood culture system) used during our study period.

Sggaard et al. observed that the overall incidence rate of bac-
teremia peaked in Northern Jutland, Denmark in 2004 and de-
creased by as much as 7% during 2005-2006 (data retrieved from
the authors) [2]. It would be interesting to see if contemporary
data from Northern Jutland could confirm that the incidence rate
of bacteremia has peaked in Denmark.

Few studies have reported trends in incidence rates by place
of acquisition. We can only speculate why the incidence rate of
community-acquired bacteremias decreased. The threshold for
seeking healthcare upon early signs of infections may have de-
creased or antibiotics may increasingly be prescribed to patients
presenting with signs of infection. In support of this, aggregated
data on the amount of antibiotics sold in Denmark showed a 35%
increase from 2000 to 2008 with a 70% increase in broad spec-
trum antibiotics [130]. In Denmark, by far the most antibiotics is
prescribed in primary health care [131]. The decreasing incidence
rate of nosocomial bacteremia may be explained by a shift in
healthcare from in-hospital care towards outpatient care as evi-
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denced by fewer admission and hospitals bed days in our study.
This may also explain why the incidence rate of healthcare-
associated bacteremia did not decrease as more patients were at
risk of healthcare-associated bacteremia. For nosocomial bacte-
remia early removal of bladder/intravascular catheters, increased
focus on hospital hygiene, and timely adequate antibiotic therapy
for patients suspected of infections may also be of importance.

Sggaard et al. reported increasing incidence rates regardless
of place of acquisition during 1992-2006. However, they also
noted that the incidence rate of nosocomial bacteremia de-
creased considerably from 2002 to 2006 (77 to 57 per 100,000
person years) concomitantly with fewer used bed days [2], which
agree with our findings. Laupland et al. confirmed the increasing
trend for healthcare-associated bacteremia but found no trend
for community-acquired and nosocomial bacteremia in Calgary,
Canada during 2000-2008 [68]. Finally, Laupland et al. reported
unchanged incidence rates of community-onset (community-
acquired and healthcare-associated) bacteremia in two studies
from Victoria, Canada during 1998-2005 [70] and in Calgary,
Canada during 2000-2004 [53].

Microorganisms

In accordance with previous studies, we found the most common
microorganisms to be Escherichia coli, Staphylococcus aureus,
coagulase-negative staphylococci and Streptococcus pneumoniae
[50-54]. We observed a decreasing trend for Streptococcus pneu-
moniae with lower incidences in 2006-2008 compared with
2000-2005. This may conceivably be explained by a possible
outbreak of invasive pneumococcal disease in Denmark during
2002-2004 [132] whereas increased vaccine coverage is unlikely
to have affected our estimates. The estimated vaccine coverage
of the 23-valent pneumococcal vaccine was less than 3% for
people aged 265 years in Denmark between 1998 and 2007 and
declining [132]. The 7-valent pneumococcal conjugate vaccine has
previously been shown to introduce herd immunity resulting in a
significant decline in invasive pneumococci disease in adults [133]
but was not launched for routine use in Children in Denmark until
October 2007. The decreasing incidence rates of Staphylococcus
aureus bacteremia in our study disagrees with a multinational
population-based surveillance study that found no overall trend
during 2000-2008. However, in that study a decreasing trend was
in fact seen for included centers in North Denmark and Copenha-
gen City [134]. Of concern, the incidences rates of enterococcus
species and Pseudomonas aeruginosa increased in our study. A
recent Danish study by Pinholt et al. [135] found that the inci-
dence rate of enterococcus species increased during 2006—2009
and in line with our findings this was mainly caused by Enterococ-
cus faecium (described in the published article equivalent to study
I in this thesis). Parkins et al. reported that the incidence rate of
Pseudomonas aeruginosa increased in Canada during 2000-2006
[136] and similar to our findings this was related to an increase in
healthcare-associated bacteremias. In contrast, Al-Hasan et al.
reported no trend in Pseudomonas aeruginosa in a different
Canadian region during 1997-2006 [85].

STUDY Il

The overall incidence of 14.2 bacteremias per 1000 admissions in
our study falls within the wide range of incidences reported in
previous studies (2.3 to 26.9 per 1000 admissions)
[58,60,137,138] and is in line with studies from Spain (14.7 per
1000 admissions) [60] and Israel (14.2 per 1000 admissions in
2004) [138]. Surveillance studies of nosocomial bacteremia have

reported lower rates; the nationwide SCOPE Project from the USA
reported 6 bacteremias per 1000 admissions [59], and a study
comprising 4 hospitals in Finland reported 2.7 bacteremias per
1000 admissions [74]. Comparing incidences reported from hospi-
tal-based studies can be problematic for many of the same rea-
sons as discussed for population-based studies (study I). In addi-
tion, hospital-based studies often differ considerably with factors
not limited to patient characteristics, blood culturing rates and
services provided by the included hospitals [40,51]. Also, some
studies rely on discharge diagnoses to identify bacteremia rather
than microbiological databases [76].

We observed the highest incidences for males, elderly indi-
viduals (>65 years) and patients initially admitted to the Depart-
ments of Hematology, Nephrology, Internal Medicine, Urology or
Oncology. These findings agree with studies that have identified
male sex, higher age, hemodialysis, chemotherapy, and diseases
of the blood as risk factors for nosocomial bacteremia 76,139. In
agreement with our results, previous studies of nosocomial bac-
teremia have found that patients admitted to the Departments of
Internal Medicine or Oncology are at high risk of bacteremia while
patients admitted to the Departments of Gynecology and Obstet-
rics, or Orthopedics are at low risk [74,139].

To our knowledge, our study is the first to report on the daily
incidence of bacteremia during hospitalization. The incidence was
highest on the day of admission and in line with previous studies
we identified two-thirds of all bacteremia during the first three
days of admission (community-onset) [2,68,140]. Although these
bacteremias are non-preventable at hospitals, focus should re-
main on early identification as appropriate antibiotic therapy
reduces mortality [73].

Models that predict the risk of nosocomial bacteremia have
been developed [139,141] and although useful for identifying
patients in high risk of bacteremia, these models make no infer-
ence about the timing of bacteremia during the course of admis-
sion. Our study provides new knowledge on this topic. The inci-
dence was highest on the day of admission likely because most
blood cultures are drawn upon admission resulting in detection of
community-onset bacteremias. The daily incidence of bacteremia
increased from Day 3 to Day 12, which likely reflects that patients
staying in hospitals for a prolonged period of time are at in-
creased risk of bacteremia due to nosocomial infections, compli-
cations to surgical procedures, the presence of intravascular or
urinary catheters, stay in the intensive care unit, mechanical
ventilation and malnutrition [76].

The daily incidence remained constant beyond Day 12; how-
ever, this translates into a linear increase in the cumulative inci-
dence with increasing time spend in hospitals. Therefore, a po-
tential reduction in nosocomial bacteremias could be achieved by
reducing the number of hospital bed days. Nonetheless, patients
with nosocomial bacteremia may belong to a group of severely ill
patients that cannot be discharged earlier from hospitals. In
support of this, studies have reported that patients often had
central venous catheter (61-77 %), stayed in the intensive care
unit (55%), received mechanical ventilation (40%), or received
total parenteral nutrition (24%) at the time of nosocomial bacte-
remia [58,74]. We were unable to retrieve such detailed and
validated clinical data from registries for use in this thesis.

Further, we lacked data on the number and timing of all blood
cultures drawn in Funen County, which would otherwise have
allowed us to calculate the daily incidence of bacteremia per
blood culture. This would have been of interest since the clini-
cians’ decision to draw blood cultures presumable serves as a
marker of patients in high risk of bacteremia. Data on blood cul-
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tures would also allow us to evaluate if a low overall incidence for
a specific clinical specialty was simply a consequence of few
drawn blood cultures.

STUDY Il

This population-based cohort study confirms the poor short-term
prognosis associated with bacteremia and contributes with new
knowledge on long-term mortality and excess mortality compared
with the general population.

We found a high 30-day mortality of 22%, which is in line with
previous population-based studies (13% to 24%) [2,3,54,68]. A
nationwide surveillance study in Finland during 2004-2007 re-
ported a 30-day mortality of only 13% [54], which may in part be
explained by inclusion of children with low mortality rates. Inclu-
sion of recurrent bacteremias may also have introduced survival
bias as bacteremia survivors may be more “robust” and less likely
to die from subsequent episodes.

To our knowledge, our study is the first population-based
study to include and report mortality beyond one year among all
bacteremia patients. Our 1-year mortality of 41% is modestly
higher compared with a Danish study of monomicrobial bactere-
mias (35%) [84] and a Canadian study of community-onset bacte-
remia (25%) [82]. This discrepancy can in part be explained by
inclusion of polymicrobial and nosocomial bacteremias in our
study, which are associated with a poor prognosis. Mortality in
studies generally differs according to the prevalence of known
predictors of death such as male sex, older age, underlying
comorbidity and specific microorganisms [82,83]. Disease severity
at the time of bacteremia is also important but is rarely available.
We have previously shown that 30-day mortality is higher for
bacteremia patients with Streptococcus pneumoniae with severe
sepsis or septic shock compared with no or mild sepsis (18% vs
6%) [17].

We are aware of only two studies that have compared the
survival of bacteremia patients with the general population.
Leibovici et al. conducted a hospital-based study among 1991
bacteremia patients 218 years of age and found that the risk of
death was increased compared with the expected survival in the
Jewish population of Israel after standardization for the age and
sex structure of the study population [19]. Among one-month
survivors of bacteremia, the mortality was 29% (1 year) and 49%
(4 years) as compared with an expected mortality of 6% (1 year)
and 20% (4 years). In a Finnish nationwide population-based
cohort study, Skogberg et al. found that bacteremia patients were
in increased risk of death for only 60 days compared with the
general Finnish population after adjusting for the sex and age
distribution of the study population [54]. Neither study adjusted
for potential confounders as mortality for bacteremia patients
was compared with national mortality estimates rather than
sampled individuals from the general population. The importance
of considering preexisting comorbidity is apparent in the study by
Leibovici et al. as 25% of the bacteremia patients had malignancy
and 24% had atherosclerotic heart diseases [19]. The prevalence
of these conditions is expected to be much lower in the general
population.

We found that the relative risk of death for bacteremia pa-
tients was highest within months but remained increased even
among 1 and 5-year survivors of bacteremia. In support, studies
on community-onset sepsis have found an increased risk of death
for up to 5 years compared with non-septic hospital controls
[142] and non-septic population controls [143,144] after adjusting
for preexisting comorbidities. As discussed earlier, unmeasured

confounding may have accounted for part of the observed excess
mortality. However, adjusting for comorbidity, a history of alcohol
dependency, and marital status only lowered the relative risk
from 2.7 (95% Cl, 2.4-2.9) to 2.1 (95% Cl, 1.8-2.3). Therefore, it
would probably take one or more very strong confounders with a
high prevalence among bacteremia patients to lower the relative
risk estimates enough to include 1 in the 95% confidence interval.

We found malignancy and cardiovascular disease to be the
most common causes of death. In agreement, Laupland et al.
observed that patients with community-onset bacteremia died
from malignancy (39%), cardiovascular diseases (24%) and infec-
tions (7%) [82] during 5 years of follow-up. During the first year of
follow-up, we found that bacteremia patients often died from
genitourinary diseases, infectious diseases, blood/immune dis-
eases and digestive system diseases compared with population
controls. These categories of diseases probably reflect the under-
lying cause of bacteremia and may help clinicians identify the
primary focus of infection especially in the absence of an appar-
ent focus. To our knowledge, only Leibovici et al. have compared
causes of death after bacteremia with a control group. As ex-
pected, infections were a common cause of death within months-
after bacteremia compared with a matched control group without
infection [19]. Pedersen et al. reported infections as the primary
cause of death in 62% (61/99) of bacteremia patients who died
prior to notification of positive blood culture [145] but no com-
parison group was available.

We found that one-year survivors of bacteremia were in in-
creased risk of death from all specific causes of death compared
with population controls with no distinct differences for the most
common causes of death as most 95% confidence intervals over-
lapped. However, this does not preclude that bacteremia may be
predictive of specific post-bacteremia comorbidities in subgroups
of patients, which may in turn lead to death. As an example,
community-acquired bacteremia patients have recently been
shown to be at increased risk of myocardial infarction or stroke
within 180 days of bacteremia compared with matched popula-
tion controls and within 30 days compared with admitted non-
bacteremic controls [93]. Also, survivors of severe sepsis have
been shown to be at increased risk of cardiovascular events with-
in one year compared with unmatched population controls,
matched population controls, and matched hospital controls
[146].

CONCLUSIONS AND PERSPECTIVE

In this thesis, we have described the occurrence and prognosis of
bacteremia in terms of incidence and trends in the general popu-
lation, incidence among hospitalized patients, and mortality and
causes of death after bacteremia compared with the general
population.

We found that incidence rates of bacteremia in Funen County
was higher compared with other studies from Western countries,
but also that incidence rates are not easily compared between
studies. To facilitate comparison, studies should report blood
culture rates as well as sex and age specific incidences, which
would allow for standardization to a common standard popula-
tion such as the 1960 Segi population [147] and the newer 2000
WHO standard population [148] alike the principle used in cancer
research. Surprisingly, we observed that the incidence rate de-
creased by almost one-fourth during the study period despite
more blood cultures being drawn. The decreasing trend pertained
to the first half of the study period but was evident for both
community-acquired and nosocomial bacteremia as well as for
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males and females, and all age groups. This speaks in favor of a
general trend. The exact reasons for the observed trend are diffi-
cult to pin point but we speculate that fewer nosocomial bacte-
remias were associated with the continuous decrease in admis-
sions and hospital bed days. Fewer community-acquired
bacteremias were possibly related to an increased use of antibiot-
ics; however, we did not have data on used antibiotics on an
individual level to support this claim. Studies on the usage of
primary health care could potentially elucidate if improved diag-
nostics or a lowered threshold for treating less severe infections
with antibiotics has contributed to the prevention of bacteremias.
We observed a change towards microorganisms with a high level
of intrinsic antibiotic resistance (Enterococcus species and Pseu-
domonas aeruginosa) and this finding highlights the need for
continued surveillance of distribution of microorganisms and
revision of empirical antibiotics regimens.

We found that the risk of bacteremia for hospitalized patients
differed markedly with patient characteristics and clinical special-
ties, and varied with time spent in hospitals. These findings can
potentially help save resources by focusing surveillance on pa-
tients in high risk of bacteremia such as patients initially admitted
to the Departments of Hematology, Nephrology and Oncology.
Conversely, less attention can be paid to patients initially admit-
ted to the Departments of Gynecology/Obstetrics or Orthopedics
as these departments accounted for only 4% of all bacteremias
but 25% of all admissions and hospital bed days. Differences in
healthcare structures between countries may hamper the gener-
alizability of these results; however, our findings highlight that
important differences exist in incidences of bacteremia between
e.g. clinical specialties, which can be used to direct clinicians’
attention towards patients in high risk of bacteremia and to plan
targeted preventive measures. To characterize the population at
risk of nosocomial bacteremia, future studies should aim to pro-
vide data on the number and timing of blood cultures, clinical
data at the time of blood culture draw and administered antibiot-
ics during hospitalization. Implementation of electronic medical
records will hopefully facilitate this.

We have shown that bacteremia is associated with high short-
term and long-term mortality as well as continued excess mortali-
ty compared with the general population. Bacteremia patients
had a median survival of only two years and were in two-fold
increased risk of death even 5 years after bacteremia compared
with population controls. Likely, uynmeasured confounding ac-
counted for some of this excess mortality and it would be inter-
esting to confirm our findings in large cohort studies in other
settings that include detailed information on factors not limited
to comorbidities, redeemed prescriptions, prior admissions, per-
sonal income, educational level, usage of primary health care and
other potential confounders. Given the large number of bactere-
mia-survivors discharged from hospitals every year, we believe
that more attention should be paid to the long-term consequenc-
es of bacteremia. In terms of prevention, future studies should
focus on identifying (modifiable) predictors of readmission, recur-
rent bacteremia and death among bacteremia survivors. It should
also be recognized that the clinical course and outcomes of bacte-
remia probably differ with different foci of infection and disease
severity, and these factors should be taken into account if possi-
ble. Other outcomes such as quality of life, cognitive impairment
and functional disability are also of great importance to bactere-
mia survivors and deserve attention. Finally, even though deaths
among one-year survivors of bacteremia did not pertain to one or
more specific causes of death, bacteremia could still be a predic-
tor of new onset of worsening of existing comorbidity in sub-

groups of patients. Studies on the interplay between bacteremia
and chronic disease could help identify patients at risk of post
discharge complications and could potentially help target bacte-
remia survivors for specific interventions already at hospital dis-
charge.

SUMMARY

Bacteremia is associated with increased morbidity and mortality,
and ranks among the top seven causes of death in Europe and
North America. The occurrence of bacteremia has increased for
decades while short-term prognosis has remained unchanged or
improved only slightly. Consequently, we are facing an increased
number of bacteremia survivors for whom we know little about
long-term survival and causes of death. Contemporary knowledge
on the epidemiology and outcome of bacteremia is important to
assess its impact on public health and is a prerequisite for any
effective prevention and improvement of prognosis.

This thesis is based on data from a bacteremia database (The
Danish Observational Registry of Infectious Syndromes) compris-
ing all bacteremias in Funen County, Denmark, between May
1999 and December 2008. Data on bacteremias were cross-linked
with various administrative and research healthcare registries and
we conducted 3 studies on adult bacteremia patients with the
aims:

To investigate the occurrence of and trends in first-time bac-
teremia and distribution of microorganisms in the general popula-
tion; overall and by place of acquisition (study I)

To investigate the overall and daily incidences of bacteremia
among hospitalized patients (study Il)

To investigate and compare long-term mortality and causes of
death after bacteremia with the general population (study 111)

Study I: In a population-based observational study, we identi-
fied 7786 residents of Funen County with first-time bacteremia
for an overall incidence rate of 215.7 per 100,000 person years
including 99.0 for community-acquired, 50.0 for healthcare-
associated and 66.7 for nosocomial bacteremia. The overall inci-
dence rate decreased by 23.3% (95% Cl, 17.8%—28.4%) from year
2000 to 2008 (3.3% per year, p<.001) due to decreasing rates of
community-acquired bacteremia (3.7% per year, p<0.001) and
nosocomial bacteremia (4.2% per year, p<0.001). The incidence
rate of healthcare-associated bacteremia remained more of less
stable throughout the study period (p=0.17). The crude incidence
rates decreased for Escherichia coli, Staphylococcus aureus, coag-
ulase-negative staphylococci and Streptococcus pneumoniae, and
increased for Pseudomonas aeruginosa and enterococci species
(p<0.05 for all the mentioned microorganisms). Regardless of
place of acquisition, the proportion of bacteremias caused by
coagulase-negative staphylococci decreased while the proportion
caused by Enterococcus species increased.

Study II: In a multicenter hospital-based cohort study, we in-
cluded 276,586 adult patients with 724,339 admissions to hospi-
tals in Funen County for a total of 4,531,744 bed days. Among the
hospitalized patients, we identified 10,281 first-time bacteremias
per admission for an overall incidence of 14.2 per 1000 admis-
sions and 23.6 per 10,000 bed days; highest for males, elderly
individuals (>65 years), and patients initially admitted to the
Departments of Hematology, Nephrology, Internal Medicine,
Urology or Oncology. The daily incidence was highest on the day
of admission and declined rapidly to a low level on Day 3-7.
Hereafter it increased steadily until Day 12 followed by more or
less constant daily incidences. The daily incidences varied consid-
erably with patient and clinical characteristics.
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Study llI: In a population-based cohort study, we included
7783 patients with first-time bacteremia and 38,906 population
controls matched on sex, year of birth and residency. We found
that the cumulative mortality in bacteremia patients and popula-
tion controls was 22.0% vs. 0.2% (30 days), 41.4% vs. 2.6% (1
year), and 75.8% vs. 36.6% (10 years). Bacteremia patients were
consistently at increased risk of death compared with population
controls throughout 12 years of follow-up and the risk of death
remained twofold increased even among 5-year survivors of
bacteremia (adjusted MRR 2.1; 95% Cl, 1.8-2.3). The most com-
mon causes of death after bacteremia were cancer and cardio-
vascular diseases. Compared with population controls, bactere-
mia patients were at the highest risk of death from genitourinary
diseases and infectious diseases within one year of bacteremia.
Among one-year survivors of bacteremia, the risk of death was
increased for all major causes of death compared with population
controls.

We conclude that the occurrence of bacteremia is decreasing
in the general population. However, bacteremia is associated with
a very poor short and long-term prognosis and the risk of death
remains increased for years compared with the general popula-
tion. The most common causes of death after bacteremia are
cancer and cardiovascular diseases. Among hospitalized patients,
the incidence of bacteremia is highest within days of admission
and varies with patient and clinical characteristics.

REFERENCES

1. Goto M, Al-Hasan MN. Overall burden of bloodstream
infection and nosocomial bloodstream infection in
North America and Europe. Clinical microbiology and in-
fection : the official publication of the European Society
of Clinical Microbiology and Infectious Diseases.
2013;19(6):501-509.

2. 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. Clinical Infectious Diseases. 2011;52(1):61-69.

3. Madsen KM, Schonheyder HC, Kristensen B, Sorensen
HT. Secular trends in incidence and mortality of bacte-
raemia in a Danish county 1981-1994. Apmis.
1999;107(3):346-352.

4. Dellinger R, Levy MM, Carlet JM, et al. Surviving Sepsis
Campaign: International guidelines for management of
severe sepsis and septic shock: 2008. Critical Care Medi-
cine. 2008;36(1):296-327.

5. Leibovici L. Long-term consequences of severe infec-
tions. Clinical microbiology and infection : the official
publication of the European Society of Clinical Microbi-
ology and Infectious Diseases. 2013;19(6):510-512.

6. Kirn TJ, Weinstein MP. Update on blood cultures: how
to obtain, process, report, and interpret. Clinical micro-
biology and infection : the official publication of the Eu-
ropean Society of Clinical Microbiology and Infectious
Diseases. 2013;19(6):513-520.

7. Todar's Online Textbook of Bacteriology.
http://textbookofbacteriology.net/NHPR.html. Ac-
cessed 25 November, 2014.

8. About education.
http://biology.about.com/cs/bacteriology/a/aa032504a
.htm. Accessed 1 December 2014.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Christaki E, Giamarellos-Bourboulis EJ. The complex
pathogenesis of bacteremia: from antimicrobial clear-
ance mechanisms to the genetic background of the
host. Virulence. 2014;5(1):57-65.

King EG, Bauza GJ, Mella JR, Remick DG. Pathophysiolog-
ic mechanisms in septic shock. Laboratory investigation;
a journal of technical methods and pathology.
2014;94(1):4-12.

Geroulanos S, Douka ET. Historical perspective of the
word "sepsis". Intensive Care Med. 2006;32(12):2077.
Alberti C, Brun-Buisson C, Chevret S, et al. Systemic in-
flammatory response and progression to severe sepsis
in critically ill infected patients. Am J Respir Crit Care
Med. 2005;171(5):461-468.

Rangel-Frausto MS, Pittet D, Costigan M, Hwang T, Davis
CS, Wenzel RP. The natural history of the systemic in-
flammatory response syndrome (SIRS). A prospective
study. Jama. 1995;273(2):117-123.

Bone RC, Sibbald WJ, Sprung CL. The ACCP-SCCM con-
sensus conference on sepsis and organ failure. Chest.
1992;101(6):1481-1483.

Angus DC, van der Poll T. Severe sepsis and septic shock.
The New England journal of medicine. 2013;369(9):840-
851.

Madsen KM, Schonheyder HC, Kristensen B, Nielsen GL,
Sorensen HT. Can hospital discharge diagnosis be used
for surveillance of bacteremia? A data quality study of a
Danish hospital discharge registry. Infection control and
hospital epidemiology : the official journal of the Society
of Hospital Epidemiologists of America. 1998;19(3):175-
180.

Christensen JS, Jensen TG, Kolmos HJ, Pedersen C, Las-
sen A. Bacteremia with Streptococcus pneumoniae:
sepsis and other risk factors for 30-day mortality--a
hospital-based cohort study. European journal of clinical
microbiology & infectious diseases : official publication
of the European Society of Clinical Microbiology.
2012;31(10):2719-2725.

Bates DW, Pruess KE, Lee TH. How bad are bacteremia
and sepsis? Outcomes in a cohort with suspected bacte-
remia. Arch.Intern.Med. 1995;155(6):593-598.

Leibovici L, Samra Z, Konigsberger H, Drucker M, Ashke-
nazi S, Pitlik SD. Long-term survival following bactere-
mia or fungemia. JAMA. 1995;274(10):807-812.

Bates DW, Sands K, Miller E, et al. Predicting bacteremia
in patients with sepsis syndrome. Academic Medical
Center Consortium Sepsis Project Working Group. The
Journal of infectious diseases. 1997;176(6):1538-1551.
Peduzzi P, Shatney C, Sheagren J, Sprung C. Predictors of
bacteremia and gram-negative bacteremia in patients
with sepsis. The Veterans Affairs Systemic Sepsis Coop-
erative Study Group. Arch Intern Med. 1992;152(3):529-
535.

Henriksen DP, Laursen CB, Jensen TG, Hallas J, Pedersen
C, Lassen AT. Incidence Rate of Community-Acquired
Sepsis Among Hospitalized Acute Medical Patients-A
Population-Based Survey. Crit Care Med. 2014.

Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Car-
cillo J, Pinsky MR. Epidemiology of severe sepsis in the
United States: analysis of incidence, outcome, and asso-
ciated costs of care. Crit Care Med. 2001;29(7):1303-
1310.

DANISH MEDICAL JOURNAL 20



24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Schonheyder HC, Paul M. Placing the burden of bacte-
raemia in perspective. Clinical microbiology and infec-
tion : the official publication of the European Society of
Clinical Microbiology and Infectious Diseases.
2013;19(6):489-491.

Schonheyder HC, Sogaard M. Existing data sources for
clinical epidemiology: The North Denmark Bacteremia
Research Database. Clin.Epidemiol. 2010;2:171-178.
Weinstein MP, Reller LB, Murphy JR, Lichtenstein KA.
THE CLINICAL-SIGNIFICANCE OF POSITIVE BLOOD CUL-
TURES - A COMPREHENSIVE ANALYSIS OF 500 EPISODES
OF BACTEREMIA AND FUNGEMIA IN ADULTS .1. LABOR-
ATORY AND EPIDEMIOLOGIC OBSERVATIONS. Reviews
of Infectious Diseases. 1983;5(1):35-53.

Laupland KB, Church DL. Population-Based Epidemiology
and Microbiology of Community-Onset Bloodstream In-
fections. Clin Microbiol Rev. 2014;27(4):647-664.
Sogaard M, Lyytikainen O, Laupland KB, Schonheyder
HC. Monitoring the epidemiology of bloodstream infec-
tions: aims, methods and importance. Expert review of
anti-infective therapy. 2013;11(12):1281-1290.

Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM.
CDC definitions for nosocomial infections, 1988. Am J
Infect Control. 1988;16(3):128-140.

Trick WE, Zagorski BM, Tokars JI, et al. Computer algo-
rithms to detect bloodstream infections.
Emerg.Infect.Dis. 2004;10(9):1612-1620.

Gradel KO, Knudsen JD, Arpi M, et al. Classification of
positive blood cultures: computer algorithms versus
physicians' assessment--development of tools for sur-
veillance of bloodstream infection prognosis using pop-
ulation-based laboratory databases. BMC medical re-
search methodology. 2012;12(1):139.

Leal J, Gregson DB, Ross T, Flemons WW, Church DL,
Laupland KB. Development of a Novel Electronic Surveil-
lance System for Monitoring of Bloodstream Infections.
Infection Control and Hospital Epidemiology.
2010;31(7):740-747.

Rijnders BJ, Wilmer A, Van Eldere J, Van Wijngaerden E.
Frequency of transient streptococcal bacteremia follow-
ing urgent orotracheal intubation in critically ill patients.
Intensive Care Med. 2001;27(2):434-437.

Zhang W, Daly CG, Mitchell D, Curtis B. Incidence and
magnitude of bacteraemia caused by flossing and by
scaling and root planing. Journal of clinical periodontol-
ogy. 2013;40(1):41-52.

Matthews D. Impact of everyday oral activities on the
risk of bacteraemia is unclear. Evidence-based dentistry.
2012;13(3):80.

Diekema DJ, Beekmann SE, Chapin KC, Morel KA, Mun-
son E, Doern GV. Epidemiology and outcome of noso-
comial and community-onset bloodstream infection.
Journal of Clinical Microbiology. 2003;41(8):3655-3660.
Laupland KB, Schonheyder HC, Kennedy KJ, et al. Ra-
tionale for and protocol of a multi-national population-
based bacteremia surveillance collaborative.
BMC.Res.Notes. 2009;2:146.

Friedman ND, Kaye KS, Stout JE, et al. Health care-
associated bloodstream infections in adults: A reason to
change the accepted definition of community-acquired
infections. Annals of Internal Medicine.
2002;137(10):791-797.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Siegman-lgra Y, Fourer B, Orni-Wasserlauf R, et al. Re-
appraisal of community-acquired bacteremia: A pro-
posal of a new classification for the spectrum of acquisi-
tion of bacteremia. Clinical Infectious Diseases.
2002;34(11):1431-1439.

Pittet D, Wenzel RP. Nosocomial bloodstream infec-
tions. Secular trends in rates, mortality, and contribu-
tion to total hospital deaths. Arch.Intern.Med.
1995;155(11):1177-1184.

Chang FY, Peacock JE, Jr., Musher DM, et al. Staphylo-
coccus aureus bacteremia: recurrence and the impact of
antibiotic treatment in a prospective multicenter study.
Medicine (Baltimore). 2003;82(5):333-339.

Bouza E, Pintado V, Rivera S, et al. Nosocomial blood-
stream infections caused by Streptococcus pneumoniae.
Clinical microbiology and infection : the official publica-
tion of the European Society of Clinical Microbiology
and Infectious Diseases. 2005;11(11):919-924.

Mayer J, Greene T, Howell J, et al. Agreement in classify-
ing bloodstream infections among multiple reviewers
conducting surveillance. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of
America. 2012;55(3):364-370.

Leibovici L, Schonheyder H, Pitlik SD, Samra Z, Moller JK.
Bacteraemia caused by hospital-type micro-organisms
during hospital stay. The Journal of hospital infection.
2000;44(1):31-36.

Gradel KO, Nielsen SL, Pedersen C, et al. No Specific
Time Window Distinguishes between Community-,
Healthcare-, and Hospital-Acquired Bacteremia, but
They Are Prognostically Robust. Infection control and
hospital epidemiology : the official journal of the Society
of Hospital Epidemiologists of America.
2014;35(12):1474-1482.

Gradel KO, Schonheyder HC, Arpi M, Knudsen JD, Os-
tergaard C, Sogaard M. The Danish Collaborative Bacte-
raemia Network (DACOBAN) database. Clinical epidemi-
ology. 2014;6:301-308.

Shorr AF, Tabak YP, Killian AD, Gupta V, Liu LZ, Kollef
MH. Healthcare-associated bloodstream infection: A
distinct entity? Insights from a large U.S. database. Crit
Care Med. 2006;34(10):2588-2595.

Kollef MH, Zilberberg MD, Shorr AF, et al. Epidemiology,
microbiology and outcomes of healthcare-associated
and community-acquired bacteremia: a multicenter co-
hort study. Journal of Infection. 2011;62(2):130-135.
Mahon CR, Manuselis G. Textbook of Diagnostic Micro-
biology. Saunders; 2000.

Sjoberg L, Fredlund H. Survey of blood culture isolates in
an area of Sweden from 1980 to 1986. European journal
of clinical microbiology & infectious diseases : official
publication of the European Society of Clinical Microbi-
ology. 1988;7(4):501-504.

Skogberg K, Lyytikainen O, Ruutu P, Ollgren J, Nuorti JP.
Increase in bloodstream infections in Finland, 1995-
2002. Epidemiology and Infection. 2008;136(1):108-114.
Uslan DZ, Crane SJ, Steckelberg JM, et al. Age- and sex-
associated trends in bloodstream infection - A popula-
tion-based study in Olmsted County, Minnesota. Ar-
chives of Internal Medicine. 2007;167(8):834-839.
Laupland KB, Gregson DB, Flemons WW, Hawkins D,
Ross T, Church DL. Burden of community-onset blood-

DANISH MEDICAL JOURNAL 21



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

stream infection: a population-based assessment. Epi-
demiol Infect. 2007;135(6):1037-1042.

Skogberg K, Lyytikainen O, Ollgren J, Nuorti JP, Ruutu P.
Population-based burden of bloodstream infections in
Finland. Clinical microbiology and infection : the official
publication of the European Society of Clinical Microbi-
ology and Infectious Diseases. 2012;18(6):E170-176.
Laupland KB. Incidence of bloodstream infection: a re-
view of population-based studies. Clinical microbiology
and infection : the official publication of the European
Society of Clinical Microbiology and Infectious Diseases.
2013;19(6):492-500.

Reddy EA, Shaw AV, Crump JA. Community-acquired
bloodstream infections in Africa: a systematic review
and meta-analysis. The Lancet infectious diseases.
2010;10(6):417-432.

Deen J, von Seidlein L, Andersen F, Elle N, White NJ,
Lubell Y. Community-acquired bacterial bloodstream in-
fections in developing countries in south and southeast
Asia: a systematic review. The Lancet infectious diseas-
es. 2012;12(6):480-487.

Mitt P, Adamson V, Loivukene K, et al. Epidemiology of
nosocomial bloodstream infections in Estonia. Journal
of Hospital Infection. 2009;71(4):365-370.

Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel
RP, Edmond MB. Nosocomial bloodstream infections in
US hospitals: analysis of 24,179 cases from a prospec-
tive nationwide surveillance study. Clinical Infectious
Diseases. 2004;39(3):309-317.

Rodriguez-Bano J, Lopez-Prieto MD, Portillo MM, et al.
Epidemiology and clinical features of community-
acquired, healthcare-associated and nosocomial blood-
stream infections in tertiary-care and community hospi-
tals. Clinical Microbiology and Infection.
2010;16(9):1408-1413.

Pedersen G, Schonheyder HC, Sorensen HT. Source of
infection and other factors associated with case fatality
in community-acquired bacteremia--a Danish popula-
tion-based cohort study from 1992 to 1997. Clinical mi-
crobiology and infection : the official publication of the
European Society of Clinical Microbiology and Infectious
Diseases. 2003;9(8):793-802.

Larsen IK, Pedersen G, Schonheyder HC. Bacteraemia
with an unknown focus: is the focus de facto absent or
merely unreported? A one-year hospital-based cohort
study. APMIS. 2011;119(4-5):275-279.

Laupland KB, Gregson DB, Zygun DA, Doig CJ, Mortis G,
Church DL. Severe bloodstream infections: a popula-
tion-based assessment. Crit Care Med. 2004;32(4):992-
997.

Filice GA, Vanetta LL, Darby CP, Fraser DW. Bacteremia
in Charleston County, South-Carolina. American Journal
of Epidemiology. 1986;123(1):128-136.

Reacher MH, Shah A, Livermore DM, et al. Bacteraemia
and antibiotic resistance of its pathogens reported in
England and Wales between 1990 and 1998: trend anal-
ysis. British Medical Journal. 2000;320(7229):213-216.
Wilson J, Elgohari S, Livermore DM, et al. Trends among
pathogens reported as causing bacteraemia in England,
2004-2008. Clinical microbiology and infection : the offi-
cial publication of the European Society of Clinical Mi-
crobiology and Infectious Diseases. 2011;17(3):451-458.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Rodriguez-Creixems M, Alcala L, Munoz P, Cercenado E,
Vicente T, Bouza E. Bloodstream infections - Evolution
and trends in the microbiology workload, incidence, and
etiology, 1985-2006. Medicine. 2008;87(4):234-249.
Laupland KB. Defining the epidemiology of bloodstream
infections: the 'gold standard' of population-based as-
sessment. Epidemiol Infect. 2013;141(10):2149-2157.
Sogaard M, Engebjerg MC, Lundbye-Christensen S,
Schonheyder HC. Changes in blood culture methodology
have an impact on time trends of bacteraemia: a 26-
year regional study. Epidemiology and Infection.
2011;139(5):772-776.

Laupland KB, Kibsey PC, Gregson DB, Galbraith JC. Popu-
lation-based laboratory assessment of the burden of
community-onset bloodstream infection in Victoria,
Canada. Epidemiol Infect. 2013;141(1):174-180.
Pedersen G, Schonheyder HC, Kristensen B, Sorensen
HT. Community-acquired bacteraemia and antibiotic re-
sistance - Trends during a 17-year period in a Danish
county. Danish Medical Bulletin. 2000;47(4):296-300.
Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH.
The influence of inadequate antimicrobial treatment of
bloodstream infections on patient outcomes in the ICU
setting. Chest. 2000;118(1):146-155.

Chen HC, Lin WL, Lin CC, et al. Outcome of inadequate
empirical antibiotic therapy in emergency department
patients with community-onset bloodstream infections.
The Journal of antimicrobial chemotherapy.
2013;68(4):947-953.

Lyytikainen O, Lumio J, Sarkkinen H, et al. Nosocomial
bloodstream infections in Finnish hospitals during 1999-
2000. Clinical Infectious Diseases. 2002;35(2):E14-E19.
Nagao M. A multicentre analysis of epidemiology of the
nosocomial bloodstream infections in Japanese univer-
sity hospitals. Clinical microbiology and infection : the
official publication of the European Society of Clinical
Microbiology and Infectious Diseases. 2013;19(9):852-
858.

Al-Rawajfah OM, Stetzer F, Hewitt JB. Incidence of and
risk factors for nosocomial bloodstream infections in
adults in the United States, 2003. Infection Control and
Hospital Epidemiology. 2009;30(11):1036-1044.

Kaye KS, Marchaim D, Chen T-Y, et al. Predictors of Nos-
ocomial Bloodstream Infections in Older Adults. Journal
of the American Geriatrics Society. 2011;59(4):622-627.
Kaye KS, Marchaim D, Chen TY, et al. Effect of nosocom-
ial bloodstream infections on mortality, length of stay,
and hospital costs in older adults. ] Am Geriatr Soc.
2014;62(2):306-311.

Vrijens F, Hulstaert F, Van de Sande S, Devriese S, Mo-
rales |, Parmentier Y. Hospital-acquired, laboratory-
confirmed bloodstream infections: linking national sur-
veillance data to clinical and financial hospital data to
estimate increased length of stay and healthcare costs.
Journal of Hospital Infection. 2010;75(3):158-162.
Prowle JR, Echeverri JE, Ligabo EV, et al. Acquired blood-
stream infection in the intensive care unit: incidence
and attributable mortality. Crit Care. 2011;15(2):R100.
Laupland KB, Zygun DA, Doig CJ, Bagshaw SM, Svenson
LW, Fick GH. One-year mortality of bloodstream infec-
tion-associated sepsis and septic shock among patients
presenting to a regional critical care system. Intensive
Care Medicine. 2005;31(2):213-219.

DANISH MEDICAL JOURNAL 22



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Laupland KB, Svenson LW, Gregson DB, Church DL. Long-
term mortality associated with community-onset blood-
stream infection. Infection. 2011;39(5):405-410.

Lillie PJ, Allen J, Hall C, et al. Long-term mortality follow-
ing bloodstream infection. Clinical microbiology and in-
fection : the official publication of the European Society
of Clinical Microbiology and Infectious Diseases.
2013;19(10):955-960.

Gradel KO, Sogaard M, Dethlefsen C, Nielsen H, Schon-
heyder HC. Magnitude of bacteraemia is a predictor of
mortality during 1 year of follow-up. Epidemiology and
Infection. 2009;137(1):94-101.

Al-Hasan MN, Wilson JW, Lahr BD, Eckel-Passow JE,
Baddour LM. Incidence of Pseudomonas aeruginosa
bacteremia: A population-based study. American Jour-
nal of Medicine. 2008;121(8):702-708.

Al-Hasan MN, Eckel-Passow JE, Baddour LM. Impact of
healthcare-associated acquisition on community-onset
Gram-negative bloodstream infection: a population-
based study: healthcare-associated Gram-negative BSI.
European journal of clinical microbiology & infectious
diseases : official publication of the European Society of
Clinical Microbiology. 2012;31(6):1163-1171.

Bishara J, Goldberg E, Leibovici L, et al. Healthcare-
associated vs. hospital-acquired Staphylococcus aureus
bacteremia. International journal of infectious diseases :
1JID : official publication of the International Society for
Infectious Diseases. 2012;16(6):e457-463.

Al-Hasan MN, Lahr BD, Eckel-Passow JE, Baddour LM.
Temporal trends in Enterobacter species bloodstream
infection: a population-based study from 1998-2007.
Clinical microbiology and infection : the official publica-
tion of the European Society of Clinical Microbiology
and Infectious Diseases. 2011;17(4):539-545.
Asgeirsson H, Gudlaugsson O, Kristinsson KG, Heiddal S,
Kristjansson M. Staphylococcus aureus bacteraemia in
Iceland, 1995-2008: changing incidence and mortality.
Clin.Microbiol.Infect. 2011;17(4):513-518.

Yende S, Angus DC. Long-term outcomes from sepsis.
Current infectious disease reports. 2007;9(5):382-386.
Sogaard M, Norgaard M, Pedersen L, Sorensen HT,
Schonheyder HC. Blood culture status and mortality
among patients with suspected community-acquired
bacteremia: a population-based cohort study.
BMC.Infect.Dis. 2011;11:139.

Dalager-Pedersen M, Sogaard M, Schonheyder HC,
Thomsen RW, Baron JA, Nielsen H. Venous thromboem-
bolism after community-acquired bacteraemia: a 20-
year danish cohort study. PloS one. 2014;9(1):e86094.
Dalager-Pedersen M, Sogaard M, Schonheyder HC, Niel-
sen H, Thomsen RW. Risk for myocardial infarction and
stroke after community-acquired bacteremia: a 20-year
population-based cohort study. Circulation.
2014;129(13):1387-1396.

Thulstrup AM, Sorensen HT, Schonheyder HC, Moller JK,
Tage-Jensen U. Population-based study of the risk and
short-term prognosis for bacteremia in patients with
liver cirrhosis. Clinical Infectious Diseases.
2000;31(6):1357-1361.

Raoult D, Richet H. Nosocomial bacteraemia: the most
neglected causes of death in Europe?
Clin.Microbiol.Infect. 2011;17(8):1123.

96.

97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Schmidt M, Pedersen L, Sorensen HT. The Danish Civil
Registration System as a tool in epidemiology. European
journal of epidemiology. 2014;29(8):541-549.

Pedersen CB. The Danish Civil Registration System.
Scandinavian journal of public health. 2011;39(7
Suppl):22-25.

Mikrobiologisk Afdelings Data System.
www.madsonline.dk.

Murray PR BE, Pfaller MA, Tenover FC, Yolken RH, eds.
Manual of clinical microbiology. 7th edn. Washington
DC: Americal Society for Microbiology. 1999.

Dansk Selskab for Mikrobiologi. www.dskm.dk.

Lynge E, Sandegaard JL, Rebolj M. The Danish National
Patient Register. Scandinavian journal of public health.
2011;39(7 Suppl):30-33.

Andersen PK, Geskus RB, de Witte T, Putter H. Compet-
ing risks in epidemiology: possibilities and pitfalls. Inter-
national journal of epidemiology. 2012;41(3):861-870.
Mors O, Perto GP, Mortensen PB. The Danish Psychiatric
Central Research Register. Scandinavian journal of pub-
lic health. 2011;39(7 Suppl):54-57.

Hallas J. Conducting pharmacoepidemiologic research in
Denmark. Pharmacoepidemiology and drug safety.
2001;10(7):619-623.

Gjerstorff ML. The Danish Cancer Registry. Scandinavian
journal of public health. 2011;39(7 Suppl):42-45.
Helweg-Larsen K. The Danish Register of Causes of
Death. Scandinavian journal of public health. 2011;39(7
Suppl):26-29.

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveil-
lance definition of health care-associated infection and
criteria for specific types of infections in the acute care
setting. American Journal of Infection Control.
2008;36(5):309-332.

Hall KK, Lyman JA. Updated review of blood culture con-
tamination. Clinical Microbiology Reviews.
2006;19(4):788-802.

Roberts FJ. Definition of polymicrobial bacteremia. Re-
views of Infectious Diseases. 1989;11(6):1029-1030.
Statistics Denmark - StatBank.dk. www.statbank.dk. Ac-
cessed February 7, 2013.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A New
Method of Classifying Prognostic Co-Morbidity in Longi-
tudinal-Studies - Development and Validation. Journal
of Chronic Diseases. 1987;40(5):373-383.

Seymour CW, Iwashyna TJ, Cooke CR, Hough CL, Martin
GS. Marital status and the epidemiology and outcomes
of sepsis. Chest. 2010;137(6):1289-1296.

Mejer N, Westh H, Schonheyder HC, et al. Stable inci-
dence and continued improvement in short term mor-
tality of Staphylococcus aureus bacteraemia between
1995 and 2008. BMC Infect Dis. 2012;12(1):260.
Linderoth G, Jepsen P, Schonheyder HC, Johnsen SP,
Sorensen HT. Short-term prognosis of community-
acquired bacteremia in patients with liver cirrhosis or
alcoholism: A population-based cohort study. Alcohol
Clin.Exp.Res. 2006;30(4):636-641.

Rothman KJ, Greenland S, Lash TL. Modern Epidemiolo-
gy. Lippincott Williams & Wilkins; 2012.

Sjolander A, Greenland S. Ignoring the matching varia-
bles in cohort studies - when is it valid and why? Statis-
tics in medicine. 2013;32(27):4696-4708.

DANISH MEDICAL JOURNAL 23



117.

118.

119.

Woodward M. Epidemiology: Study Design and Data
Analysis, Third Edition. Taylor & Francis; 2013.

Lindvig KP, Henriksen DP, Nielsen SL, et al. How do bac-
teraemic patients present to the emergency depart-
ment and what is the diagnostic validity of the clinical
parameters; temperature, C-reactive protein and sys-
temic inflammatory response syndrome? Scandinavian
journal of trauma, resuscitation and emergency medi-
cine. 2014;22(1):39.

Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis
Campaign: international guidelines for management of
severe sepsis and septic shock, 2012. Intensive Care
Med. 2013;39(2):165-228.

120.Jensen US, Knudsen JD, Ostergaard C, Gradel KO, Fri-

121.

122.

123.

modt-Moller N, Schonheyder HC. Recurrent bacterae-
mia: A 10-year regional population-based study of clini-
cal and microbiological risk factors. Journal of Infection.
2010;60(3):191-199.

Bellmann-Weiler R, Weiss G. Pitfalls in the diagnosis and
therapy of infections in elderly patients--a mini-review.
Gerontology. 2009;55(3):241-249.

Roulson J, Benbow EW, Hasleton PS. Discrepancies be-
tween clinical and autopsy diagnosis and the value of
post mortem histology; a meta-analysis and review. His-
topathology. 2005;47(6):551-559.

Larsen ST, Lynnerup N. Medico-legal autopsies in Den-
mark. Dan Med Bull. 2011;58(3):A4247.

124.Thygesen SK, Christiansen CF, Christensen S, Lash TL,

125.

126.

127.

128.

129.

130.

Sorensen HT. The predictive value of ICD-10 diagnostic
coding used to assess Charlson comorbidity index condi-
tions in the population-based Danish National Registry
of Patients. BMC medical research methodology.
2011;11:83.

Wilchesky M, Tamblyn RM, Huang A. Validation of diag-
nostic codes within medical services claims. Journal of
clinical epidemiology. 2004;57(2):131-141.

Huttunen R, Laine J, Lumio J, Vuento R, Syrjanen J. Obe-
sity and smoking are factors associated with poor prog-
nosis in patients with bacteraemia. BMC Infect Dis.
2007;7:13.

Koch K, Norgaard M, Schonheyder HC, Thomsen RW,
Sogaard M, Danish Collaborative Bacteremia N. Effect of
socioeconomic status on mortality after bacteremia in
working-age patients. A Danish population-based cohort
study. PloS one. 2013;8(7):e70082.

Andersen KK, Steding-Jessen M, Dalton SO, Olsen TS.
Socioeconomic position and incidence of ischemic
stroke in denmark 2003-2012. A nationwide hospital-
based study. Journal of the American Heart Association.
2014;3(4).

Hjertekarsygdomme i 2011. http://www.si-

folkesun-
hed.dk/Udgivelser/B%C3%B8ger%200g%20rapporter/2
014/Hjertekarsygdomme%20i%202011.aspx?lang=da.
Accessed 5 January 2015.

Statens Serum Institut, medstat.dk.
http://www.medstat.dk/da/viewDataTables/medicalTre
at-
ments/%7B%22year%22:%5B%222008%22,%222007 %2
2,%222006%22,%222005%22,%222004%22,%222003%
22,%222002%22,%222001%22,%222000%22%5D,%22re
gl
on%22:%5B%220%22%5D,%22gender%22:%5B%22A%2

131.

132.

133.

134.

135.

136.

137.

138.

139.

2%5D,%22ageGroup%22:%5B%2215-19%22,%2220-
39%22,%2240-64%22,%2265-79%22,%2280-
%22%5D,%22searchVariable%22:%5B%22sold_volume_
1000_day%22%5D,%22errorMessages%22:%5B%5D, %2
2treatmentGroup%22:%5B%22Antibio%22%5D%7D.
Accessed 29 February, 2013.Danmap 2013.
http://www.danmap.org/Downloads/Reports.aspx. Ac-
cessed 10 December 2014.

Harboe ZB, Benfield TL, Valentiner-Branth P, et al. Tem-
poral trends in invasive pneumococcal disease and
pneumococcal serotypes over 7 decades. Clinical infec-
tious diseases : an official publication of the Infectious
Diseases Society of America. 2010;50(3):329-337.

Direct and indirect effects of routine vaccination of chil-
dren with 7-valent pneumococcal conjugate vaccine on
incidence of invasive pneumococcal disease--United
States, 1998-2003. MMWR. Morbidity and mortality
weekly report. 2005;54(36):893-897.

Laupland KB, Lyytikainen O, Sogaard M, et al. The chang-
ing epidemiology of Staphylococcus aureus bloodstream
infection: a multinational population-based surveillance
study. Clinical microbiology and infection : the official
publication of the European Society of Clinical Microbi-
ology and Infectious Diseases. 2013;19(5):465-471.
Pinholt M, Ostergaard C, Arpi M, et al. Incidence, clinical
characteristics and 30-day mortality of enterococcal
bacteraemia in Denmark 2006-2009: a population-
based cohort study. Clinical microbiology and infection :
the official publication of the European Society of Clini-
cal Microbiology and Infectious Diseases.
2014;20(2):145-151.

Parkins MD, Gregson DB, Pitout JD, Ross T, Laupland KB.
Population-based study of the epidemiology and the
risk factors for Pseudomonas aeruginosa bloodstream
infection. Infection. 2010;38(1):25-32.

Hadziyannis AS, Stephanou I, Dimarogona K, et al. Blood
culture results during the period 1995-2002 in a Greek
tertiary care hospital. Clinical Microbiology and Infec-
tion. 2004;10(7):667-670.

Marchaim D, Zaidenstein R, Lazarovitch T, Karpuch Y, Ziv
T, Weinberger M. Epidemiology of bacteremia episodes
in a single center: increase in Gram-negative isolates,
antibiotics resistance, and patient age.
Eur.J.Clin.Microbiol.Infect.Dis. 2008;27(11):1045-1051.
Pittet D, Davis CS, Li N, Wenzel RP. Identifying the hospi-
talized patient at risk for nosocomial bloodstream infec-
tion: A population-based study. Proceedings of the As-
sociation of American Physicians. 1997;109(1):58-67.
Lenz R, Leal JR, Church DL, Gregson DB, Ross T, Laupland
KB. The distinct category of healthcare associated
bloodstream infections. BMC Infect Dis. 2012;12:85.

140. Vasudevan A, Mukhopadhyay A, Li J, Yuen E, Tambyah P.

141.

142.

A prediction tool for nosocomial multi-drug resistant
gram-negative bacilli infections in critically ill patients -
prospective observational study. BMC Infect Dis.
2014;14(1):615.

Quartin AA, Schein RM, Kett DH, Peduzzi PN. Magnitude
and duration of the effect of sepsis on survival. Depart-
ment of Veterans Affairs Systemic Sepsis Cooperative
Studies Group. JAMA. 1997;277(13):1058-1063.

Wang HE, Szychowski JM, Griffin R, Safford MM, Shapiro
NI, Howard G. Long-term mortality after community-

DANISH MEDICAL JOURNAL 24



acquired sepsis: a longitudinal population-based cohort
study. BMJ open. 2014;4(1):e004283.

143. Storgaard M, Hallas J, Gahrn-Hansen B, Pedersen SS,
Pedersen C, Lassen AT. Short- and long-term mortality
in patients with community-acquired severe sepsis and
septic shock. Scand J Infect Dis. 2013;45(8):577-583.

144.Pedersen G, Schonheyder HC. Patients with bacteremia
dying before notification of positive blood cultures: a 3-
year clinical study. Scand J Infect Dis. 1997;29(2):169-
173.

145.Yende S, Linde-Zwirble W, Mayr F, Weissfeld LA, Reis S,
Angus DC. Risk of cardiovascular events in survivors of
severe sepsis. Am J Respir Crit Care Med.
2014;189(9):1065-1074.

146. Segi M. Cancer Mortality for Selected Sites in 24 Coun-
tries (1950-57). Sendai, Tohoku University School of
Public Health.

147. Ahmad O. B-PC, Lopez A., Murray C., Lozano R., Inoue
M. Age standardization of rates: a new WHO standard
(2000). In GPE Discussion Paper Series: no31. Geneva:
World Health Organization.

APPENDIX

APPENDIX 1
The 15 categories of underlying causes of death classified accord-
ing to The International Classification of Diseases, 10th Revision:

For infectious diseases, the codes were AO0—B99; malignant
neoplasms C00—C96; in situ/benign neoplasms DO0-D49;
blood/immune diseases D50-D89; endocrine diseases EO0—EQO;
mental disorders /drug abuse FOO—F99; nervous system diseases
G00-G99; cardiovascular diseases 100—-199; respiratory diseases
J00-J99; digestive system diseases KO0—K93; musculoskeletal/skin
diseases LO0-L99 and M00-M99; genitourinary diseases NOO—
N99; injury/poisoning SO0-T98,V,W,X and Y; ill-defined causes
H00-H95, 000-099, PO0-P96, Q00—-Q99 and RO0O-R99; No cause
of death reported.

APPENDIX 2

The International Classification of Diseases, 10th Revision codes
used to define “chronic alcohol use” were E244, E529A, F10[2-9],
G312, G621, G721, 1426, K292, K70*, K852, K860, L278A, 0354,
P043, T500A, X65[1-2], 2502, Z714 and Z721, and codes used to
define “acute alcohol use” were F10[0-1] and T51*.
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