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ABSTRACT
Objectives: Little is known about the prognosis of
community-acquired bacteraemia (CAB) in workforce
adults. We assessed return to workforce, risk for sick
leave, disability pension and mortality within 1 year
after CAB in workforce adults compared with blood
culture-negative controls and population controls.
Design: Population-based cohort study.
Setting: North Denmark, 1996–2011.
Participants: We used population-based healthcare
registries to identify all patients aged 20–58 years who
had first-time blood cultures obtained within 48 h of
medical hospital admission, and who were part of the
workforce (450 bacteraemia exposed patients and 6936
culture-negative control patients). For each bacteraemia
patient, we included up to 10 matched population
controls.

Primary and secondary outcome measures:
Return to workforce, risk of sick leave, permanent
disability pension and mortality within 1 year after
bacteraemia. Regression analyses were used to
compute adjusted relative risks (RRs) with 95% CIs.
Results: One year after admission, 78% of patients
with CAB, 85.7% of culture-negative controls and
96.8% of population controls were alive and in the
workforce, and free from sick leave or disability
pension. Compared with culture-negative controls,
bacteraemia was associated with an increased risk for
long-term sick leave (4-week duration, 40.2% vs
23.9%, adjusted RR, 1.51; CI 1.34 to 1.70) and an
increased risk for mortality (30-day mortality, 4% vs
1.4%, adjusted RR, 2.34, CI 1.22 to 4.50; 1-year
mortality, 8% vs 3.9%, adjusted RR, 1.73; CI 1.18 to
2.55). Bacteraemia patients had a risk for disability
pension similar to culture-negative controls (2.7% vs
2.6%, adjusted RR, 0.99, CI 0.48 to 2.02) but greater
than population controls (adjusted RR, 5.20; 95% CI
2.16 to 12.50).
Conclusions: CAB is associated with long duration of
sick leave and considerable mortality in working-age
adults when compared with blood culture-negative
controls, and an increased 1-year risk for disability
pension when compared with population controls.

Strengths and limitations of this study
▪ To our knowledge, this is the first study to
examine duration of sick leave and risk for permanent disability pension after communityacquired bacteraemia.
▪ Strengths include the population-based design
and the use of highly valid prospectively collected data on bacteraemia, comorbidity and
workforce affiliation.
▪ When comparing patients with community-acquired
bacteraemia and controls, residual and unmeasured
confounding may account for some of the increased
risk for sick leave, disability pension and death.

INTRODUCTION
Hospitalisation for community-acquired bacteraemia (CAB) has increased markedly in
recent decades, and more than 30% of hospitalisations for CAB are in working-age
adults.1
Overall, CAB is associated with a 30-day
mortality of 13–20% and a 1-year mortality of
25–45%,2–6 with a lower mortality in
working-age adults, for example, a 30-day
mortality of 11–16% in 15–64-year-old
patients.4–7 Apart from mortality, information
is sparse on outcomes of bacteraemia in
working-age adults. Only a few small cohort
studies in hospitalised patients with infection
have secondarily detailed the proportion of
patients who returned to work, with conﬂicting results: 68% of patients with pneumonia
may return to work within 30 days,8 43% of
survivors of septic shock within 1 year9 and
93% of survivors of severe sepsis within
3.5 years.10 None of these studies focused
speciﬁcally on working-age patients, assessed
risk for long-term sick leave or disability
pension, accounted for retirement or
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MATERIALS AND METHODS
Setting
The study was conducted in healthcare region of North
Denmark from 1996 to 2011. This area had a stable
urban/rural catchment population of approximately
500 000 inhabitants who received universal tax-ﬁnanced
primary and secondary care, free at the point of delivery.
Throughout the study period, Aalborg University
Hospital was the only referral hospital and all regional
hospitals relied on its department of clinical microbiology for blood culture analyses.
For this study, we used prospectively collected data
from seven Danish population-based registries. The Civil
Registration System (CRS),11 which is updated daily, was
used for personal data, including date of birth and
death, place of residence and marital status. Unique
CRS numbers, which are recorded for all healthcare
contacts, and in administrative databases, facilitated
linkage between registries. We further used data from
the North Denmark Bacteraemia Research Database,12
the regional microbiology information system (ADBact;
Autonik, Sköldinge, Sweden),4 the DREAM register on
social transfer payments,13 the Aarhus University
Prescription database14 and the regional Hospital
Discharge Registry (HDR).15 Because data were acquired
from registries which are generally available to Danish
researchers, no informed consent was needed for this
study.
Data on blood cultures
The bacteraemia database has registered all bacteraemia
cases in the study area since 1981, prospectively since
1992.12 The microbiology information system has been
used since 1995 and contains basic information on all
blood cultures examined in the region.4 We used these
databases for information on date of blood culture sampling, and also for information on infectious agent(s)
and focus of infection in case of positive cultures.
Throughout the study period, the blood culture system
(BacT/Alert, bioMérieux, Marcy l’Etoil, France) was
unchanged and is described in detail elsewhere.4 12
2

Data on social transfers
The DREAM database contains weekly information on
social transfer beneﬁts for all residents in Denmark who
have received any such beneﬁt, however, brieﬂy, since
1991.13 16 In Denmark, people who are part of the workforce (employed or unemployed) can receive sickness
absence beneﬁts ( paid sick leave) during temporary
illness. Paid sick leave is possible for a maximum of
52 weeks (with the possibility for extension) within an
18-month period. People whose illness causes a lasting
reduced ability to work can receive permanent disability
pension. During the study period, people who were in
the workforce could go on early voluntary retirement
when they turned 60 and optional retirement with
public pension was possible from age 67 (1996–1999) or
age 65 (2000–2011). For the present study, DREAM
codes were categorised as work-ready codes (employed
and unemployed), sick leave codes and permanent disability pension codes. DREAM codes are further detailed
in online supplementary table S1. There is no universal
deﬁnition of long-term sick leave; for this study and elsewhere, it is deﬁned as a disease lasting at least four consecutive weeks.17
Data on hospital admissions and comorbidity
We used the HDR for data on hospital admissions and
comorbidity. The HDR has recorded complete diagnosis
codes from all inpatient hospitalisations in Denmark
since 1977, and from outpatient clinic contacts since
1995. Diagnoses were coded by physicians according to
the WHO’s International Classiﬁcation of Diseases
(ICD)-8 until 1993 and ICD-10 thereafter).
We recorded the 19 disease categories in the Charlson
Comorbidity Index (CCI) and alcohol-related disorders
which we considered to be risk factors for death, sick
leave and disability pension.18 19 The comorbidity level
was categorised as low (CCI=0), medium (CCI=1–2) or
high (CCI>2).
The Aarhus University Prescription database was used
for information on preadmission medication use including disulﬁram, antidiabetics, drugs for cardiovascular
and pulmonary disease and systemic antibiotics.14 It contains Anatomical Therapeutic Chemical (ATC) classiﬁcation code data on all reimbursed prescriptions since
1991. ICD and ATC codes used in this study are detailed
in online supplementary table S2.
Study subjects
We included study participants who were 20–58 years of
age and were part of the workforce in the 4 weeks prior
to admission, that is, did not receive permanent disability beneﬁts, were not retired or on long-term sick leave
(ie, received sickness absence beneﬁts for a maximum
of 3 weeks within 4 weeks prior to admission). Further
eligibility criteria were no record of recent hospitalisation ( previous 30 days), no previous blood culture draw
(since 1995) or bacteraemia (since 1981) and residence
within the study area for ≥1 year.
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included a comparison group. To our knowledge, no
study has examined the prognosis after CAB in
working-age adults who are part of the workforce and
no study has examined return to work after CAB.
Because CAB is increasingly common in working-age
adults, it is important for patients, families and the
society to have detailed knowledge on the prognosis in
this age group.
We conducted a 15-year population-based cohort study
among 20–58-year-old Danes who were part of the workforce, to examine return to work and risk for sick leave,
permanent disability pension and mortality after
medical hospitalisation with CAB in comparison with
blood culture-negative controls and matched population
controls.

Open Access

Statistics
We followed all study participants from the date of blood
culture draw until death, emigration from Denmark or
completion of 1 year of follow-up, whichever occurred
ﬁrst. We ﬁrst computed the median number and IQR of
weeks that patients were on paid sick leave during the
year before and after blood culture draw. We then computed the risk of being on sick leave (receiving sickness
absence beneﬁts) for at least 4 and for 52 consecutive
weeks, respectively, beginning in the week of blood
culture draw. Log-binomial regression20 21 was used to
compute the risk difference (RD) and relative risk (RR)
with 95% CI of 4-week and 52-week sick leave for
patients with CAB versus culture-negative controls. In
time-to-event analyses, we ﬁrst constructed cumulative
incidence curves for permanent disability pension and
Kaplan-Meier curves for mortality. We used regression
analyses based on pseudo-observations22 to compute
RDs and RRs of permanent disability pension and mortality with 95% CIs for patients with CAB versus
culture-negative controls and population controls. We
considered death as a competing risk for permanent disability pension in all time-to-event analyses. In regression
analyses, we adjusted for potential risk factors for sick
leave, disability pension and death: age, gender, CCI
score, alcoholism-related disease (including disulﬁram
use), medication use (antidiabetics, drugs for cardiovascular disease and pulmonary disease), civil status and
immigrant status.3 18 19 23–25 Because of few events
among population controls, analyses concerning patients
with CAB versus population controls were only adjusted
for age and gender. In subgroup analyses, we examined
the risk for long-term sick leave, disability pension and
mortality according to etiological infectious agent and
focus of infection. We also stratiﬁed analyses by gender,
age group and employment status in the 4 weeks prior
to admission. Because the management of CAB may
have changed throughout the study period, we conducted up-to-date supplementary analyses pertaining to
the latter half of the study period (2003–2011). Because
previous antibiotic use could bias the risk estimates in
our study when comparing patients with CAB and
culture-negative controls, we conducted supplementary
analyses in which we restricted to patients who had

blood culture draw performed on admission and no
recent out-of-hospital antibiotic use.
Stata V.11.2 for Windows (Stata Corp, College Station,
Texas, USA) was used for all data analyses.
RESULTS
Baseline characteristics
We included 7386 acutely hospitalised patients who were
part of the workforce immediately before hospitalisation
and had a ﬁrst-time blood culture drawn within 48 h of
admission, 450 patients with CAB and 6936 controls with
negative blood cultures. Patients with CAB were
matched to 4500 population controls, of whom 3765
were included in the study (see ﬂow diagram in the
online supplement). Baseline characteristics for study
participants can be found in table 1. Patients with CAB
were older than culture-negative controls (median age
in years 47.7 vs 41.4, p<0.001) but the burden of preexisting disease was similar and relatively low in both
groups. Still, the disease burden was even lower among
population controls. In the year before blood culture
draw, study participants were on sick leave for a median
of 0 weeks (IQR 0–1 week for patients with CAB and
culture-negative controls, and 0–0 for population
controls).
Return to work, duration of sickness leave
and disability pension
Exactly 1 year after blood culture draw 350 patients with
CAB (78.0%), 5944 culture-negative controls (85.7%)
and 3644 population controls (96.8%) were alive and
part of the workforce, and thus free from sick leave and
disability pension (ﬁgure 1). In the year after blood
culture draw, 50% of patients with CAB were on sick
leave for at least 4 weeks (median 4, IQR 0–14 weeks)
and 50% of culture-negative controls were on sick leave
for 0 weeks (median 0, IQR 0–7 weeks). When compared with blood culture-negative controls, CAB was
associated with an increased risk of sick leave for ≥4 consecutive weeks (40.2% vs 23.9%, adjusted RR, 1.51; 95%
CI 1.34 to 1.70) and ≥52 weeks (5.8% vs 2.6%, adjusted
RR, 1.96; 95% CI 1.31 to 2.93; table 2). However, the
1-year risk for disability pension was similar in the two
groups, 2.7% for patients with CAB and 2.6% for
culture-negative controls (adjusted RR, 0.99; 95% CI
0.48 to 2.02), see table 2 and ﬁgure 2. When compared
with population controls, CAB was associated with an
increased risk for 1-year disability pension (2.7% vs
0.6%, adjusted RR, 5.20; 95% CI 2.16 to 12.50).
Mortality
Mortality rose sharply to 4% for patients with CAB within
the ﬁrst 30 days (see online supplementary ﬁgure S2),
1.4% for culture-negative controls (adjusted RR, 1.87;
95% CI 1.03 to 3.40; table 2) and 0 for population controls. Within 1 year the mortality was 8.0% for patients
with CAB, 3.9% for culture-negative controls (adjusted
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We identiﬁed all inpatients who had a ﬁrst-time blood
culture taken within 48 h of admission during 1996–
2010. We deﬁned CAB as the presence of viable bacteria
or fungi in the bloodstream, determined by blood cultures performed within 48 h of admission, among
patients who were not admitted to the hospital within
the previous 30 days. Study participants were categorised
as patients with CAB or as blood culture-negative controls. Furthermore, for each patient with CAB, we
sampled 10 eligible population controls, who were alive
on the date of hospital admission of the patient with
CAB and with no recent hospitalisation, matched on sex
and year of birth.
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Age, years
20–34
35–49
50–58
Gender
Female
Male
Marital status
Married
Never married or unknown*
Divorced or widowed
Immigrant status
Native Dane†
Immigrant
Comorbidity, any previous‡
Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Hemiplegia
Chronic pulmonary disease
Diabetes mellitus
Diabetes with end-organ
damage
Connective tissue disease
Moderate to severe renal
disease
Peptic ulcer disease
Mild liver disease
Moderate to severe liver disease
Any tumour
Leukaemia
Lymphoma
Metastatic solid tumour
Dementia
HIV/AIDS
Alcoholism-related disease
Medication use, any previous
Drugs for cardiovascular
disease
Inhalers for pulmonary disease
Antidiabetics
Disulfiram
Antibiotics (past 4 weeks)
Charlson Comorbidity Index‡
0
1–2
>2
Employment status
Employed, past 4 weeks§
Unemployed, past 4 weeks¶
Sick leave, past 4 weeks**
1 week
2 weeks
3 weeks

Patients with CAB
(n=450)

Blood culture-negative patients
(n=6936)

Population controls
(n=3765)

85 (18.9)
178 (39.6)
187 (41.6)

2338 (33.7)
2676 (38.6)
2693 (27.7)

767 (20.4)
1554 (41.3)
1444 (38.3)

224 (49.8)
226 (50.2)

3100 (44.7)
3836 (55.3)

1851 (49.2)
1914 (50.8)

261 (58.0)
129 (28.7)
60 (13.3)

3592 (51.8)
2521 (36.3)
823 (11.9)

2311 (61.4)
982 (26.1)
472 (12.5)

429 (95.3)
21 (4.7)

6520 (94.0)
416 (6.0)

3536 (93.9)
229 (6.1)

4 (0.9)
1 (0.2)
5 (1.1)
8 (1.8)
0 (0)
24 (5.3)
26 (5.8)
10 (2.2)

76 (1.1)
22 (0.3)
55 (0.8)
85 (1.2)
6 (0.1)
523 (7.5)
276 (4.0)
133 (1.9)

19 (0.5)
3 (0.1)
18 (0.5)
29 (0.8)
2 (0.1)
102 (2.7)
36 (1.0)
7 (0.2)

9 (2.0)
3 (0.7)

118 (1.7)
93 (1.3)

29 (0.8)
15 (0.4)

8 (1.8)
6 (1.3)
4 (0.9)
15 (3.3)
1 (0.2)
0 (0)
2 (0.4)
0 (0)
3 (0.7)
33 (7.3)

122 (1.8)
80 (1.2)
17 (0.3)
193 (2.8)
25 (0.4)
24 (0.4)
19 (0.3)
1 (0.0)
11 (0.2)
428 (6.2)

48 (1.3)
10 (0.3)
3 (0.1)
65 (1.7)
3 (0.1)
1 (0.0)
6 (0.2)
0 (0)
1 (0.0)
95 (2.5)

120 (26.7)

1741 (25.1)

579 (15.4)

119 (26.4)
35 (7.8)
19 (4.2)
74 (16.4)

2104 (30.3)
375 (5.4)
202 (2.9)
2031 (29.3)

1159 (30.8)
51 (1.4)
25 (0.7)
83 (2.2)

357 (79.3)
87 (19.3)
6 (1.3)

5468 (78.8)
1403 (20.2)
65 (0.9)

3414 (90.7)
347 (9.2)
4 (0.1)

281 (62.4)
107 (23.8)
62 (13.8)
43 (9.6)
11 (2.4)
8 (1.8)

4624 (66.7)
1384 (20.0)
928 (13.4)
605 (8.7)
231 (3.3)
92 (1.3)

3166 (84.1)
538 (13.8)
61 (1.6)
35 (0.9)
17 (0.5)
9 (0.2)

*Unknown for 0.7%.
†Includes 0.18% children of first-generation immigrants.
‡Based on ICD-codes that are detailed in the online supplement.
§Participants who were registered as employed and actively working during all 4 weeks before admission.
¶Participants who spent all 4 weeks as unemployed and participants who were employed/unemployed.
**Participants who were on sick leave for a maximum of 3 weeks in the previous 4 weeks, and otherwise employed or unemployed.
CAB, community-acquired bacteraemia; ICD, International Classification of Diseases.
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Table 1 Descriptive characteristics of workforce community-acquired bacteraemia patients and blood culture-negative controls, North
Denmark, 1996–2010

Open Access

RR, 1.52; 95% CI 1.10 to 2.10; table 2) and 0.2% for
population controls (adjusted RR, 37.83; 95% CI 15.67 to
91.29).
Subgroup and stratified analyses
Subgroups of patients with pneumococcal or other
Gram-positive infection had a higher risk for 4-week sick

leave, 52-week sick leave and 1-year disability pension
after CAB than patients with Escherichia coli infection or
other Gram-negative infection (table 3). Of note,
pneumococcal infection was associated with the lowest
level of comorbidity (85% with CCI score of 0), the
lowest 30-day (1.7%) and 1-year mortality (4.5%) and the
highest 1-year risk for permanent disability pension

Table 2 Sick leave, disability pension and mortality among patients with CAB (N=450) and blood culture-negative controls
(N=6936)
Risk number of events
(% of N)
Risk difference, % (95% CI)
patients
with CAB Controls
Crude
Adjusted
Sick
leave*
Disability
pension
Mortality

≥4 weeks 181 (40.2)

Relative risk (95% CI)
Crude

Adjusted

1658 (23.9) 16.3 (11.7 to 21.0) 14.1 (9.5 to 18.7) 1.68 (1.49 to 1.90) 1.51 (1.34 to 1.70)

≥52 weeks 26 (5.8)
1 year
12 (2.7)

181 (2.6)
183 (2.6)

3.2 (1.0 to 5.4)
3.0 (0.8 to 5.2) 2.21 (1.48 to 3.30) 1.96 (1.31 to 2.93)
0.0 (−1.5 to 1.6) −0.5 (−2.1 to 1.0) 1.01 (0.57 to 1.80) 0.99 (0.48 to 2.02)

30 days
1 year

99 (1.4)
271 (3.9)

2.6 (0.7 to 4.4)
4.1 (1.5 to 6.6)

18 (4.0)
36 (8.0)

2.2 (0.4 to 4.0)
3.1 (0.6 to 5.6)

2.80 (1.71 to 4.59) 2.34 (1.22 to 4.50)
2.05 (1.47 to 2.86) 1.73 (1.18 to 2.55)

*Sick leave for ≥4 and ≥52 consecutive weeks after blood culture draw.
Relative risk and risk difference computed by log-binomial regression (sick leave analyses) and regression analyses based on
pseudo-observations (disability pension and mortality analyses). Estimates are adjusted for age, gender, Charlson comorbidity score,
alcoholism-related disease, medication use, marital and immigrant status. Because of few events, 30-day mortality estimates were not
adjusted for medication use, marital and immigrant status. Because of failure to converge, risk difference estimates for sick leave were not
adjusted for immigrant status.
CAB, community-acquired bacteraemia.
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Figure 1 Employment status and mortality at 1 year after blood culture draw. Note, the cumulative incidence of sick leave and
disability pension within 1 year is higher than the proportion of patients that received either benefit at 1 year after blood culture
draw (eg, some patients went on sick leave or became disability pensioners and later died during 1 year of follow-up).
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Figure 2 Cumulative incidence of permanent disability
pension in workforce patients with community-acquired
bacteraemia (CAB), blood culture-negative controls, and
population controls in North Denmark, 1996–2011.

(3.4%; table 3). Patients with Staphylococcus aureus bacteraemia and polymicrobial bacteraemia had the highest
levels of comorbidity (71% with CCI score of 0 in both
groups) and also had the highest 30-day mortality (S
aureus, 3/31, 9.7% and polymicrobial CAB, 3/14, 21.4%)
and 1-year mortality (S aureus, 5/31, 16.1% and polymicrobial CAB, 4/14, 28.6%). In these small subgroups with
high mortality, a high proportion of patients were on sick
leave for a long time after infection (eg, 6/31, 19.4% of
patients with S aureus infection were on sick leave for 52
consecutive weeks) but the 1-year risk for disability
pension was 0. Irrespective of type of focus, CAB was associated with an increased risk for long-term sick leave
when compared with culture-negative controls (eg,
40.2% of patients with CAB with respiratory tract infection were on sick leave for at least 4 weeks, adjusted RR,
1.51; 95% CI 1.26 to 1.83). Mortality was particularly high
among patients with an unknown focus or more than one
focus of infection (30-day mortality of 14.3%), see online
supplementary table S3.
When stratifying analyses according to age group and
employment status, older age and unemployment were
associated with the highest absolute risks for disability
pension and mortality (see online supplementary table S4).
When comparing patients with CAB to blood culturenegative controls in stratiﬁed analyses, CAB was consistently
associated with an increased risk for 4-week sick leave,
52-week sick leave and for 30-day and 1-year mortality, table
4 in supplementary S4.
During 2003 to 2011, the association between CAB
and study outcomes remained essentially unchanged
when compared with culture-negative controls (4-week
sick leave 37.7% vs 23.6%, adjusted RR, 1.40; 95% CI
1.18 to 1.66; 1-year disability pension 3.4% vs 2.4%,
adjusted RR, 1.58; 95% CI 0.54 to 4.59; 30-day mortality
3.0% vs 1.1%, adjusted RR, 2.09; 95% CI 0.76 to 5.70
and 1-year mortality 7.6% vs 3.3%, adjusted RR, 2.14;
95% CI 1.29 to 3.52).
6

DISCUSSION
In this large population-based cohort study of adults in
the Danish workforce, we found that CAB was associated
with a 40% risk for sick leave of at least 4 weeks duration
and a nearly 6% risk for 52 weeks of sick leave.
Compared with blood culture-negative controls, CAB
increased the risk for long-term sick leave by 50–100%
but the risk for permanent disability pension within
1 year was similar (∼2.7%). Compared with population
controls, CAB was associated with a ﬁvefold increased
risk for disability pension. While CAB more than
doubled the 30-day risk for death and remained associated with a 70% increased risk for death within 1 year
when compared with culture-negative controls, the absolute mortality was low after CAB in this study (4% within
30 days and 8% within 1 year). One year after the blood
culture draw, nearly 80% of patients with CAB were back
in the workforce.
We are not aware of any study that has examined duration of sick leave and risk for permanent disability
pension after CAB. Very few previous studies have examined return to work after severe bacterial infection, and
in most of these studies this outcome has been a secondary focus and examined in small subgroups of included
patients. Poulsen et al9 conducted a study of 172 Danish
intensive care unit (ICU) patients with septic shock, and
examined physical outcomes in a subgroup of 70 of 80
1-year survivors. At 1-year follow-up, 43% (10/23) of previously employed patients had returned to work, which
is considerably fewer than the approximately 80% of
patients with CAB who were in the workforce after 1 year
in our study. The discrepancy may relate to ICU patients
with septic shock being more critically ill than average
patients with CAB and it may be related to older study
participants in the ICU-based study who may have had
the possibility of public retirement pension during the
follow-up. In a study from Scotland, Cuthbertson et al10
followed 439 ICU patients with sepsis and asked
employment-related questions to survivors at 3.5 and
5 years. At 3.5 years, 93% (53/62 respondents) of previously employed patients had returned to work, and at
5 years the proportion was 75% (46/58 respondents)
with some reduction in employment due to retirement.
Return to work after community-acquired pneumonia
has been described by Fine et al8 who followed 2287
patients for 30 days, including 539 previously employed
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Analyses restricted to 352 patients with CAB and 4078
culture-negative controls who had no previous antibiotic
therapy (blood culture draw performed on admission
and no recent out-of-hospital antibiotic use) did not
materially inﬂuence the association between CAB and
4-week sick leave (adjusted RR, 1.71; 95% CI 1.48 to
1.97), 1-year disability pension (adjusted RR, 1.00; 95%
CI 0.06 to 16.82), 30-day mortality (adjusted RR, 1.73;
95% CI 0.68 to 4.41) or 1-year mortality (adjusted RR,
1.70; 95% CI 1.02 to 2.84).

Open Access

Streptococcus
pneumoniae
(N=177)
Sick leave, ≥4 weeks
Risk, n (% of N)
75 (42.4)
Adj. RD % (95% CI)* 15.3 (8.0 to 22.6)
Adj. RR (95% CI)*
1.57 (1.32 to 1.87)
Sick leave, ≥52 weeks
Risk, n (% of N)
9 (5.1)
Adj. RD % (95% CI)* 1.9 (−1.3 to 5.0)
Adj. RR (95% CI)*
1.73 (0.90 to 3.33)
Disability pension, 1 year
Risk, n (% of N)
6 (3.4)
Adj. RD % (95% CI)* 0.5 (−2.2 to 3.1)
Adj. RR (95% CI)*
1.63 (0.66 to 4.05)
Mortality, 30 days
Risk, n (% of N)
3 (1.7)
Adj. RD % (95% CI)* −0.1 (−2.1 to 1.8)
Adj. RR (95% CI)*
1.05 (0.30 to 3.67)
Mortality, 1 year
Risk, n (% of N)
8 (4.5)
Adj. RD % (95% CI)* −0.1 (−3.2 to 3.0)
Adj. RR (95% CI)*
0.81 (0.36 to 1.81)

Other
Gram-positive
(N=78)

Escherichia coli
(N=103)

Other
Gram-negative
(N=78)

Polymicrobial
(N=14)

44 (56.4)
30 (29.1)
30 (38.5)
2 (14.3)
30.1 (19.2 to 41.1) 3.5 (−5.2 to 12.2) 12.8 (2.1 to 23.5) −6.4 (−24.3 to 11.5)
2.03 (1.66 to 2.49) 1.14 (0.84 to 1.54) 1.46 (1.10 to 1.93) 0.55 (0.15 to 2.03)
11 (14.1)
2 (1.9)
3 (3.8)
1 (7.1)
11.5 (3.7 to 19.3) −1.2 (−1.8 to −0.1) 1.3 (−3.0 to 5.6)
5.9 (−8.7 to 20.4)
4.65 (2.62 to 8.24) 0.64 (0.16 to 2.56) 1.33 (0.44 to 4.07) 2.49 (0.36 to 17.29)
2 (2.6)
2 (1.9)
2 (2.6)
0 (0)
−0.8 (−4.3 to 2.6) −1.7 (4.5 to 1.0)
−0.5 (−3.9 to 2.9) −3.1 (−4.7 to −1.5)
0.79 (0.18 to 3.54) 0.35 (0.07 to 4.75) 1.19 (0.30 to 4.75) –
5 (6.4)
5 (4.9)
2 (2.6)
3 (21.4)
4.6 (−0.8 to 10.0) 3.0 (−1.2 to 7.2)
0.8 (−2.6 to 4.3)
20.0 (−1.5 to 41.5)
3.82 (1.49 to 9.81) 1.90 (0.55 to 6.61) 1.81 (0.45 to 7.34) 13.97 (3.26 to 59.86)
12 (15.4)
9 (8.7)
3 (3.8)
4 (28.6)
10.1 (2.4 to 17.8) 3.6 (−1.6 to 8.7)
−0.8 (−5.0 to 3.5) 23.8 (−0.4 to 48.0)
3.46 (2.22 to 5.38) 1.97 (1.04 to 3.73) 0.67 (0.19 to 2.35) 3.55 (0.78 to 16.10)

*Risk difference and relative risk pertaining to patients with CAB versus blood culture-negative controls (absolute risk estimates for controls can
be found in table 2). Risk difference and relative risk computed by log-binomial regression (sick leave analyses) and regression analyses based
on pseudo-observations (disability pension and mortality analyses). Estimates are Adj for age, gender, Charlson comorbidity score and
alcoholism-related disease (due to few events, 30-day mortality estimates are Adj for age and gender only).
Adj, adjusted; CAB, community-acquired bacteraemia.

outpatients and 218 previously employed inpatients.
Among less sick outpatients, nearly all (95.3%) of the
previously employed had returned to work at day 30. In
contrast, 68.1% of previously employed inpatients had
returned to work at day 30 and the median time to
return to work was 22 days, which is comparable with
our ﬁndings of a median of 4 weeks on sick leave after
CAB.
This is also the ﬁrst study to examine the mortality
after CAB in relatively healthy adults who belong to the
workforce immediately before onset of CAB. Some previous cohort studies have examined mortality after CAB
according to age group. Søgaard et al3 found a 30-day
mortality of 11% in 15–64-year-old patients with CAB,
and Leibovici et al5 found a 1-year mortality of 29% after
bacteraemia in patients with 18–60 years of age. In a
Danish population-based cohort study of 8653 bacteraemia patients aged 30–65 years, Koch et al7 examined
mortality according to socioeconomic status and found
the highest 30-day mortality (19.7%) in the subgroup
with most disability pensioners (the lowest income
group). As we excluded nearly 30% of 20–58-year-old
patients with CAB because of disability pension or sick
leave, the higher short-term and long-term mortality
described in previous studies is likely due to the inclusion of multimorbid patients outside the workforce. Our
study supports previous studies that have examined the
economic costs of sepsis and bacteraemia and found

that the indirect costs ( productivity loss due to mortality,
temporary and permanent morbidity) may outweigh the
direct costs (eg, medical expenses associated with hospitalisation) by as much as twofold, and that these severe
infections place a high economic burden on individuals,
families and the society.26 27
Physical and psychological stress is put on hospitalised
patients with CAB, and may endure beyond the duration
of hospitalisation. In surviving working-age patients, this
may lead to prolonged sick leave or permanent disability. During hospitalisation, patients with severe infections
are at risk for complications, including some that may
be long-lasting/permanent (eg, renal impairment and
cardiovascular disease).28 29 Patients with severe infections may occasionally have abnormal vital signs and
ongoing inﬂammatory activity at discharge.30 After discharge, they remain at high risk for mortality and for
other diseases such as cardiovascular events, and may
experience worsened cognitive status and quality of
life.29 31–33
This study has several strengths. It is large, including
more than 10 000 study participants, and it has complete
and long follow-up of all study participants. Moreover,
data were obtained from high-quality databases, in which
they were prospectively recorded, which limits recall
bias.
However, this study also has limitations. Sick leave of
short duration is under-reported to the social services in
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Table 3 Risk for sick leave, permanent disability pension and mortality in CAB by aetiological agent compared with blood
culture-negative controls
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Denmark and we may, therefore, underestimate the true
duration of sick leave in hospitalised participants, especially the lower quartile values of sick leave (0 weeks in
both groups). However, data on sick leave of at least
15 days duration have been found to be highly valid.34
Another limitation is that Danes in their late 50s who
have declining health may wait for voluntary early retirement instead of applying for disability pension.35 Since
patients with CAB were older than controls, this could
lead to falsely increased risk estimates for long-term sick
leave and falsely decreased risk estimates for disability
pension. In analyses of mortality by focus of infection,
immortal-time bias may have prompted falsely low risks
of death in patients with an identiﬁed focus of infection
(and a high risk of death in patients with an unknown
focus). Moreover, although we adjusted for many potential confounders, residual and unmeasured confounding
is a possibility. Finally, ﬁndings from the present study
may not directly apply to other countries with dissimilar
laws and regulations regarding the job market and social
beneﬁts.
In conclusion, our study highlights that CAB is a
debilitating condition in adults who are part of the workforce. CAB is associated with long duration of sick leave,
but in this relatively healthy population, a low risk for
permanent disability and death.
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Supplement, Table 1. DREAM codes (version 28) used in the study.
DREAM category Subcategory Transfer payment, examples DREAM codes
No transfer payment, leave,
No code if no transfer
apprentice (adult), student
payment, 121-126, 412-413,
Employed
support, maternity leave
511-522, 611, 651-661, 881
payment
Work-ready
Unemployment benefit,
111-113, 130-138, 211-299,
Unemployed vocational pre-rehabilitation
730-738, 750,752-758, 760,
and rehabilitation benefit
762-768
Sick leave
Sickness absence benefit
890, 892-899
”Flex-job” payment
740-748, 771-774
Permanent disability pension
Disability pension
781-783
During the study period, Danes who were ≥60 years of age could go on voluntary early retirement
pension (“efterløn”), and those who were ≥65 years of age could go on public retirement pension.
Since we studied subjects 20-58 years of age, retirement codes are not detailed here. All DREAM
codes are detailed elsewhere
(http://www.dst.dk/da/TilSalg/Forskningsservice/Data/Andre_Styrelser.aspx)

2

Supplement, Table 2. ICD and ATC codes used in the study
Comorbidities (previous)

ICD codes

Myocardial infarction

ICD-8: 410; ICD-10: I21-I23

Cerebrovascular disease

ICD-8: 430-438; ICD-10: I60-I69, G45, G46

Congestive heart failure

ICD-8: 427.09, 427.10, 427.11, 427.19, 428.99,
782.49, ICD-10: I11.0, I13.0, I13.2, I50

Peripheral vascular disease

ICD-8: 440, 441, 442, 443, 444, 445; ICD-10: I70, I71,
I72, I73, I74, I77

Hemiplegia

ICD-8: 344; ICD-10: G81, G82

Diabetes

ICD-8: 249.00, 249.06, 249.07, 249.09, 250.00,
250.06, 250.07, 250.09; ICD-10: E10.0, E10.1, E10.9,
E11.0, E11.1, E11.9; ATC: A10A, A10B

Diabetes with end-organ damage

ICD-8: 249.01-249.05, 249.08, 250.01-250.05, 250.08;
ICD-10: E10.2-E10.8, E11.2-E11.8

Chronic pulmonary disease

ICD-8: 490-493, 515-518; ICD-10: J40-J47, J60-J67,
J68.4, J70.1, J70.3, J84.1, J92.0, J96.1, J98.2, J98.3;
ATC: R03

Any tumor

ICD-8: 140-194; ICD-10: C00-C75

Leukemia

ICD-8: 204-207; ICD-10: C91-C95

Lymphoma

ICD-8: 200-203, 275.59; ICD-10: C81-C85, C88, C90,
C96

Metastatic solid tumor

ICD-8: 195-199; ICD-10: C76-C80

Connective tissue disease

ICD-8: 712, 716, 734, 446, 135.99; ICD-10: M05,
M06, M08, M09, M30-M36, D86

Ulcer disease

ICD-8: 530.91, 530.98, 531-534; ICD-10: K22.1, K25K28

Moderate to severe renal disease

ICD-8: 403, 404, 580-583, 584, 590.09, 593.19,
753.10-753.19, 792; ICD-10: I12, I13, N00-N05, N07,
N11, N14, N17-N19, Q61

Mild liver disease

ICD-8: 571, 573.01, 573.04; ICD-10: B18, K70.0K70.3, K70.9, K71, K73, K74, K76.0

Moderate to severe liver disease

ICD-8: 070.00, 070.02, 070.04, 070.06, 070.08,
573.00, 456.00-456.09; ICD-10: B15.0, B16.0, B16.2,
B19.0, K70.4, K72, K76.6, I85

3

Alcoholism-related disease

ICD-8: 291, 303, 979, 980, 577.10; ICD-10: F.10,
K29.2, K.86.0, Z72.1, R78.0, T51; ATC: N07BB01

Dementia

ICD-8: 290.09-290.19, 293.09; ICD-10: F00-F03,
F05.1, G30

AIDS

ICD-8: 079.83; ICD-10: B21-B24

Medication use

ATC codes (any previous use unless specified)

Drugs for cardiovascular disease
Nitrates

C01DA (if ≥2 prescriptions are registered).

Diuretics

C03

Beta-blockers

C07

Calcium-channel antagonists

C08

ACE inhibitors

C09 (C02 before 1 January 1996)

Aspirin

B01AC06, N02BA01 (previous 125 days)

Antidiabetics

A10A, A10B

Inhaled drugs for pulmonary disease

R03

Disulfiram

N07BB01

Systemic antibiotics

J01 (past 4 weeks)
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Supplement, Table 3. Bacteremia patients’ risk for sick leave, permanent disability pension, and mortality by focus of infection compared
to blood culture negative controls.
Respiratory tract infection
(N=164)

Urinary tract infection
(N=93)

Miscellaneous
(N=144)

Unknown or multiple
(N=49)

Sick leave, ≥4 weeks
Risk, n (% of N)
66 (40.2)
26 (28.0)
72 (50.0)
17 (34.7)
a
Adj. RD % (95% CI)
13.6 (6.2-21.2)
2.1 (-7.0-11.2)
24.1 (15.9-32.2)
7.9 (-5.3-21.0)
a
Adj. RR (95% CI)
1.51 (1.26-1.83)
1.05 (0.76-1.46)
1.87 (1.58-2.21)
1.32 (0.90-1.92)
Sick leave, ≥52 weeks
Risk, n (% of N)
7 (4.3)
1 (1.1)
16 (11.1)
2 (7.1)
Adj. RD % (95% CI)a
1.1 (-1.8-4.1)
-2.0 (-2.4--1.6)
8.3 (3.1-13.4)
1.2 (-4.4-6.7)
Adj. RR (95% CI)a
1.73 (0.90-3.33)
4.65 (2.62-8.24)
1.33 (0.44-4.07)
2.49 (0.36-17.29)
Disability pension, 1-year
Risk, n (% of N)
6 (3.7)
2 (2.2)
2 (1.4)
2 (4.1)
a
Adj. RD % (95% CI)
0.7 (-2.2-3.5)
-1.2 (-4.2-1.8)
-1.6 (-3.5-3.4)
-0.2 (-5.6-5.2)
Adj. RR (95% CI)a
1.40 (0.52-3.77)
0.52 (0.11-2.52)
0.63 (0.15-2.70)
1.18 (0.29-4.85)
Mortality, 30-day
Risk, n (% of N)
3 (1.8)
0 (0)
8 (5.6)
7 (14.3)
a
Adj. RD % (95% CI)
0.1 (-2.0-2.2)
-1.9 (-2.3--1.4)
3.8 (0.1-7.5)
12.4 (2.6-22.2)
a
Adj. RR (95% CI)
0.47 (0.09-2.35)
3.39 (1.55-7.42)
10.14 (3.82-26.89)
Mortality, 1-year
Risk, n (% of N)
8 (4.9)
2 (2.2)
15 (10.4)
11 (22.5)
Adj. RD % (95% CI)a
-0.1 (-3.2-3.0)
-2.6 (-5.4-3.2)
5.8 (0.9-10.7)
16.0 (4.6-27.5)
Adj. RR (95% CI)a
1.26 (0.65-2.44)
0.68 (0.17-2.83)
2.46 (1.53-3.97)
3.66 (1.76-7.64)
Abbreviations: CAB, community-acquired bacteraemia. Adj., adjusted. aRisk difference and relative risk pertains to CAB patients versus
blood culture negative controls (absolute risk estimates for controls can be found in main manuscript, Table 2). Risk difference and relative
risk computed by log-binomial regression (sick leave analyses) and regression analyses based on pseudo-observations (disability pension
and mortality analyses). Estimates are adjusted for age, gender, Charlson comorbidity score, and alcoholism-related disease (due to few
events, 30 day mortality estimates are adjusted for age and gender only).
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Supplement, Table 4. Risk for sick leave, disability pension, and mortality by age, gender, and employment status for communityacquired bacteraemia patients and blood culture negative controls.
Age group, years
Sick leave ≥4
weeks
Risk, CAB pts.
Risk, Controls
Adj. RR
(CI)d
Sick leave ≥52
weeks
Risk, CAB pts.
Risk, Controls
Adj. RR
(CI)d
1-year disability
pension
Risk, CAB pts.
Risk, Controls
Adj. RR
(CI)d
30-day mortality
Risk, CAB pts.
Risk, Controls

Gender

Employment status,
4 weeks before blood culture draw
Employeda Unemployedb
Sick leavec

20-34

35-49

50-58

Female

Male

28/85
(32.9)
335/2338
(14.3)
2.29
(1.68-3.13)

67/178
(37.6)
721/2676
(26.9)
1.39
(1.14-1.70)

86/187
(46.0)
602/1922
(31.3)
1.47
(1.24-1.74)

79/224
(35.3)
707/3100
(22.8)
1.33
(1.11-1.61)

102/226
(45.1)
951/3836
(24.8)
1.66
(1.42-1.93)

98/281
(34.9)
843/4624
(18.2)
1.71
(1.44-2.03)

28/107
(26.2)
200/1384
(14.5)
1.81
(1.37-2.40)

55/62
(88.7)
615/928
(66.3)
1.23
(1.12-1.36)

6/85
(7.1)
29/2338
(1.2)
5.69
(2.43-3.34)

5/178
(2.8)
80/2676
(3.0)
0.94
(0.38-2.28)

15/187
(8.0)
72/1922
(3.8)
2.16
(1.27-3.70)

11/224
(4.9)
77/3100
(2.5)
1.76
(0.95-3.27)

15/226
(6.6)
104/3836
(2.7)
2.17
(1.28-2.67)

11/281
(3.9)
78/4624
(1.7)
1.97
(1.06-3.68)

6/107
(5.6)
29/1384
(2.1)
2.33
(0.99-5.49)

9/62
(14.5)
74/928
(8.0)
1.74
(0.91-3.32)

0/85
(0)
20/2338
(0.9)
-

5/178
(2.8)
69/2676
(2.6)
0.85
(0.22-3.34)

7/187
(3.7)
94/1922
(4.9)
0.97
(0.42-2.23)

4/224
(1.8)
81/3100
(2.6)
0.44
(0.13-1.51)

8/226
(3.5)
102/3836
(2.7)
1.45
(0.65-3.21)

6/281
(2.1)
69/4624
(1.5)
1.52
(0.52-4.35)

5/107
(4.7)
102/1384
(7.4)
0.54
(0.17-1.74)

1/62
(1.6)
12/928
(1.3)
1.25e
(0.16-9.45)

1/85
(1.2)
9/2338

7/178
(3.9)
36/2676

10/187
(5.4)
54/1922

8/224
(3.6)
44/3100

10/226
(4.4)
55/3836

10/281
(3.6)
55/4624

7/107
(6.5)
30/1384

1/62
(1.6)
14/928
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Adj. RR
(CI)d
1-year mortality
Risk, CAB pts.

(0.4)
3.01e
(0.39-23.9)

(1.4)
2.36
(0.82-6.81)

(2.8)
1.87
(0.88-4.03)

(1.4)
1.82
(0.61-5.40)

(1.4)
2.53
(1.00-6.43)

(1.2)
1.95
(0.89-4.28)

(2.2)
2.63
(1.09-6.36)

(1.5)
1.07e
(0.14-8.00)

2/85
11/178
23/187
16/224
20/226
19/281
12/107
5/62
(2.4)
(6.2)
(12.3)
(7.1)
(8.8)
(6.8)
(11.2)
(8.1)
Risk, Controls
25/2338
100/2676
146/1922
99/3100
172/3836
139/4624
76/1384
56/928
(1.1)
(3.7)
(7.6)
(3.2)
(4.5)
(3.0)
(5.5)
(6.0)
e
Adj. RR
2.19
1.66
1.59
1.52
1.73
1.81
1.59
1.12
(CI)d
(0.53-9.1) (0.86-3.20) (1.03-2.46)
(0.93-2.49) (0.99-3.02)
(1.06-3.08)
(0.86-2.93)
(0.42-3.00)
Abbreviations: Adj., adjusted. RR, relative risk. CI, confidence interval. aSubjects who were registered as employed and actively working
during all 4 weeks before admission. bSubjects who spent all 4 weeks as unemployed (84.7%) and subjects who were
employed/unemployed (15.3%). cSubjects who were on sick leave for a maximum of 3 weeks in the previous 4 weeks, and otherwise
employed or unemployed. Absolute risk estimates “Risk” are n/N (%). dRelative risk estimates with 95% confidence intervals pertain to
CAB patients versus blood culture negative controls, and are adjusted for age, gender, and Charlson comorbidity score. eUnadjusted
estimates presented due to few events.

7

Supplement, Figure 1. Flow chart of hospitalised medical study subjects with first-time blood
cultures, North Denmark, 1996-2010.

Adults (≥15 years) with first-time blood culture draw within 48 hours of medical
admission and no record of recent hospitalisation, 1996-2010
n = 33667

CAB patients, n = 3101

Controls, n = 30566

Age
<20 years, n = 38
>58 years, n = 2413

Age
<20 years, n = 909
>58 years, n = 19833

CAB patients, n = 655

Controls, n = 9824

No DREAM data,
n = 12

No DREAM data,
n = 184

Patients not part of the
workforce.
Disability pension, n =
133
Flex-job, n = 16
Sick leave, n = 44

Patients not part of the
workforce.
Disability pension, n =
1714
Flex-job, n = 221
Sick leave, n = 742
Abroad, n = 27

CAB patients, 20-58 years of age and
part of the workforce, n = 450

Controls, 20-58 years of age and
part of the workforce, n = 6936

Abbreviations: CAB, community-acquired bacteraemia. Each CAB patient was matched to 10
population controls who had no recent hospital admission (previous 30 days) on year of birth,
gender, and calendar-time (population controls had to be alive on the date of blood culture draw).
Of these 4500 population controls some were excluded because of previous blood culture draw
(n=132), age of 59 years (n=35), no DREAM data (n=99), or for not being part of the workforce in
the previous four weeks (disability pension [n=336], long-term sick leave [88], abroad [55]) which
left 3765 population controls for analysis.
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Supplement, Figure 2. Cumulative mortality in workforce CAB patients, blood culture negative
controls, and population controls, North Denmark, 1996-2011.
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