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Abstract 

Burden of bacteremia is rising due to increased average life-expectancy in developed countries. This 

study aimed to compare the epidemiology and outcomes of bacteraemia in two similarly-ageing 

populations with different ethnicities in Singapore and Denmark. 

Historical cohorts from second largest acute-care hospital in Singapore and in the hospitals of two 

Danish regions included patients aged 15 and above that were admitted from 1 January 2006 to 31 

December 2016 with at least one day of hospital stay and a pathogenic organism identified. 

Among 13,144 and 39,073 bacteraemia patients from Singapore and Denmark, similar 30-day 

mortality rates (16.5%; 20.3%), length of hospital stay (median 14 [IQR 9-28] days; 11 [6-21]) and 

admission rate to ICU (15.5%; 15.6%) were observed respectively.  

Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus ranked among the top four in both 

countries. However, Singaporeans had a higher proportion of patients with diabetes (46.8%) and renal 

disease (29.5%) than the Danes (28.0% and 13.7% respectively), whilst the Danes had a higher 

proportion of patients with chronic pulmonary disease (18.0%) and malignancy (35.3%) than 

Singaporeans (9.7% and 16.2% respectively).  

Our study showed that top four causative organisms and clinical outcomes were similar between the 

two cohorts despite pre-existing comorbidities differed.  

 

Word count: 200 

Introduction 

Singapore is a tropical city-state located near the equator in Southeast Asia, with a population of 4.4 

million in 20061, 5.6 million in 20161 and 20221 living in a compact area of 733 km2. The resident 

population is multi-ethnic with three major ethnic groups, of which 74.3% were Chinese, 13.4% Malays 

and 9.1% Indians in 20161.  

In contrast, Denmark is a temperate country located in Northern Europe with a population of 5.4 

million in 20062, 5.7 million in 20162, and 5.8 million in 20222, living over an area of 42,493 km2. The 

majority, 85.6%, are ethnically Danish2.  

Bacteraemia occurs as commonly as stroke with an estimated incidence of between 113 and 220 per 

100,000 person-years3 in North America and Europe. Bacteraemia is associated with an increased 
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length of stay, higher rates of readmission, poor clinical outcomes and mortality, and a high economic 

burden3-4. Elderly patients with co-morbidities, particularly malignancies, are at a higher risk of 

bacteraemia3,5. The incidence of bacteraemia is expected to increase, with ageing populations and 

increased longevity of patients with chronic conditions due to medical advancements3,5. Both 

Singapore and Denmark have rapidly ageing populations. In Singapore, 12.4% and 18.4% of the 

population were aged 65 years and above in 20161 and 20221 respectively and estimated to increase 

to 23.8% by 20301. Similarly, Denmark had a high proportion of elderly with 19% and 20.3% of the 

population aged 65 years and above in 20162 and 20212 respectively.  Whilst the epidemiology of 

bacteraemia in various developed countries has been described, more studies on the comparative 

epidemiology and outcomes of bacteraemia between countries are needed3 to understand the 

dynamics behind geographical variation in the epidemiology of bacteraemia.   

In this study, we compared and contrasted the epidemiology and outcomes of bacteraemia in 

similarly-sized ageing populations in two developed countries across two continents: Singapore, a 

multi-ethnic Asian country, and Denmark, a relatively ethnically homogenous European country.   

Methods 

Study setting 

The Singapore cohort (SG) was conducted in Tan Tock Seng Hospital (TTSH), a publicly-funded 1600-

bed tertiary-care hospital located in the central region of Singapore. It is the second largest hospital 

serving about 1.4 million residents, representing 25% of Singapore’s population, with healthcare 

services heavily subsidized by the government. The electronic health records and administrative 

databases at the hospital were accessed for the study and linked with the use of a unique personal 

identifier. In Denmark, the residents have access to free healthcare with the Danish national health 

system being fully funded by taxpayers, covering both primary and hospital care6. The Denmark cohort 

(DK) was conducted using data from the SydBak research database, a population-based health 

database comprising all bacteraemia episodes captured in two of Denmark’s five regions, Region 

Zealand and the Region of Southern Denmark6. A unique personal identifier served as a linkage 

between various healthcare administrative registries6 in Denmark. The two regions comprise 

2,023,000 inhabitants, representing 35% of Denmark’s population2. This well-defined catchment area 

for acute admissions at all hospitals in the two regions enables population-based studies. 

Patient cohort, inclusion and exclusion criteria 

Patients aged 15 and above hospitalised with at least one bacteraemia episode between 1 January 

2006 and 31 December 2016 were included. All blood cultures with bacterial or fungal growths were 
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included for the analysis. Contaminants (coagulase-negative staphylococci, Bacillus spp, 

Propionibacterium spp, Corynebacterium spp, viridans group streptococci, Aerococcus spp, or 

Micrococcus spp) were not included unless they were isolated in ≥2 blood cultures within 5 days7.  

Where a patient had multiple admissions, only the index (first) admission was included with the date 

of the first positive blood culture defined as the date of bacteraemia episode. We defined poly-

microbial bacteraemia as two or more different micro-organisms isolated not more than 2 days apart 

during an admission8. Four patients were excluded for analysis of 30-day mortality due to missing 

death dates.  

Outcome variables and Covariates 

30-day mortality (defined as death occurring within 30 days from the date of bacteraemia episode), 

length of hospital (LOS) stay, and admission to an intensive care unit were outcomes of the 

bacteraemia episode.  

The covariates collected included demographic characteristics (age and gender), presence of co-

morbidity, type of acquisition, and the number and type of organisms grown in blood cultures.  

The comorbidities were determined based on discharge diagnosis codes and computed the Charlson 

Comorbidity Index as defined by Quan et al9.  

Type of acquisition was defined using globally accepted definitions, considering data limitations. A 

nosocomial infection was defined as a bacteraemia episode with the first positive blood culture 

occurring more than 48 hours after hospital admission10. Or, as a likely healthcare-associated infection 

(HCA) if the first positive blood culture was within 48 hours of hospital admission for patients with 

previous hospitalization in the past 30 days10. All remaining bacteraemia were classified as community 

acquired.  

Statistical analysis 

The cohorts were described based on the patient demographics, comorbidities, type of acquisition, 

number and type of organisms grown in blood cultures, and clinical outcomes. Descriptive statistics 

were performed in both cohorts using STATA to obtain frequency, mean and range for normally 

distributed variables or median and interquartile range (IQR) for non-normally distributed variables. 

Data of interest and importance are bolded under results and further examined in discussion.  

Ethical considerations 

In Singapore, ethics approval was obtained prior to the study, with waiver of consent given as the 

study involved retrospective review of medical records without any patient contact (Reference 
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number: 2017/00246). In Denmark, as the studies were registry-based and without patient contact, 

approval from an ethics committee or consent from participants is not required. However, because 

microbiology data are legally considered to be medical chart data, we needed permission for using 

these (Danish Patient Safety Authority, rec. no. 3-3013-945/1 & 3-3013-945/2). A Data Processor 

Agreement was completed between the two countries (rec. no. 18/57806).        

 

Results 

A total of 51,359 patients, 13,144 from Singapore and 39,073 from Denmark, were included in the 

study (Table 1). 

The yearly numbers of admission were around 57,000 between 2006 to 2016 with the yearly incidence 

was estimated to be hovering around 2.4% in Singapore. Compared to Denmark, the yearly numbers 

of admissions were around 420,000 between 2006 to 2016 with the yearly incidence estimated to be 

around 1.8% which was comparable to Singapore. Patients from Singapore and Denmark had similar 

distributions of age, gender, and Charlson Comorbidity Index. However, Singapore had a higher 

prevalence of diabetes, renal disease, and myocardial infarction, while Denmark had a higher 

prevalence of malignancies and chronic pulmonary disease.  

The 30-day mortality of the first positive blood culture was 16.5% in Singapore and 20.3% in Denmark. 

The length of hospital stay (Denmark, median 11 days, interquartile range (IQR): 6-21; Singapore, 

median 14 days, IQR: 9-28)) and admissions to ICU (Denmark, 15.6%; Singapore, 15.5%) among 

bacteraemia patients were also similar between the two countries.  

The Singaporean cohort comprised of more community-acquired bacteraemia admissions (SG: 66.2% 

vs DK: 50.6%), whereas the Danish cohort had more healthcare-associated bacteraemia admissions 

(SG: 9.7% vs DK: 30.7%), whereas nosocomial episodes were similar.  

Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus were similarly common causative 

organisms of bacteraemia in Singapore and Denmark, ranking among the top four in both countries 

(Table 2). Whilst Klebsiella pneumoniae was the second most common cause of bacteraemia in 

Singapore, Streptococcus pneumoniae was more common in Denmark. The top 10 organisms 

represent the 78.4% of the Singapore and 73.1% of the Denmark cohort. 

Discussion 

This study contemporaneously compared the epidemiology and clinical outcomes of bacteraemia in a 

temperate and tropical country in Europe and Asia, of similar population sizes. Despite differences in 
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the climate, geography, and ethnicities, the top causative organisms were similar, with Escherichia 

coli, Staphylococcus aureus, and Klebsiella pneumoniae being among the top four.  

Interestingly, Salmonella Enteritidis, and Streptococcus agalactiae were among the top 10 pathogens 

in Singapore but not in Denmark. Salmonella infections were more common in Singapore where the 

incidence rate of non-typhoidal salmonellosis in 2016 was 39.4 per 100,000 population12 as compared 

to 18.8 per 100,000 in Denmark13. Warmer tropical waters (27 °C) were associated with increased 

pathogenicity of Streptococcus agalactiae14 infections in fish with lower mortality but was not 

observed in colder waters (22°C) due to lower expression of virulence genes14. Consumption of 

virulent strains such as the sequence type 283 (ST283) which was prevalent in farm fishes across 

Southeast Asian region caused healthy adults to be susceptible to ST28315 infection. 

Although the age-gender distributions were very similar between the bacteraemia cohorts compared, 

the underlying comorbidities were dissimilar. The Singaporean cohort had a higher proportion of 

patients with diabetes (46.8%) and renal disease (29.5%) than the Danish cohort (28.0% and 13.7% 

respectively). This is reflective of the differences in the chronic disease epidemiology in the two 

populations. In Singapore, the prevalence of diabetes among adults over 18 years of age has doubled 

from 4.7% in 1980 to 8.5% in 2014, prompting the Ministry of Health to declare a “War on Diabetes” 

in 201616. The prevalence of diabetes in Singapore was 8.8% in 201717 with an age-standardised 

prevalence rate of chronic kidney disease (CKD) of 9333 per 100,00018. In contrast, the prevalence of 

diabetes in Denmark was 6.5% in 201719 with an age-standardised CKD prevalence rate of 5816 per 

100,00018. The differences in the prevalence of diabetes and renal disease between the two 

populations could be due to differences in lifestyles such as diet and physical activity in the two 

countries.  

The Danish cohort (35.4%) had more than double the prevalence of malignancy than the Singaporean 

cohort (16.2%). Denmark has been reported by the World Cancer Research Fund to have one of the 

highest cancer rates in the world, with 334.9 persons per 100,000 population in 202020. In comparison, 

Singapore’s age-standardised cancer incidence rate was reported to be 235.0 per 100,000 population 

in 2015-201921. Cancer patients have been shown to have a higher risk of acquiring bloodstream 

infections, especially patients with haematological malignancies4. Whilst diabetes and renal disease 

may be predisposing Singaporeans to bacteraemia, malignancy may be the predisposing factor for 

Danes.  

Notably, the Danish cohort had a higher proportion of patients with COPD (18.0%) than the 

Singaporean cohort (9.7%). This reflects the higher smoking prevalence in Denmark (21.1% in 2015) 

than in Singapore (16.5% in 2015)22. It is well established that smoking is associated with the 
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development of COPD, which is in turn associated with the increased risk of lung infection23. This is 

corroborated by the finding that Streptococcus pneumoniae, a respiratory pathogen, is more common 

in the Danish cohort (7.4%) than the Singaporean cohort (1.8%). In comparison, Klebsiella pneumoniae 

was more common in the Singaporean cohort than the Danish cohort. Klebsiella pneumoniae has been 

previously observed to be associated with pneumonia in Asian patient populations with diabetes 

mellitus24, consistent with our observation of a higher prevalence of diabetes mellitus in the 

Singaporean bacteraemia cohort   

The clinical outcomes, in particular, 30-day mortality (16.5 and 20.3%) in both cohorts, were similar 

despite differences in distribution of pre-existing comorbidities between them. Other developed 

countries have reported similar mortality rates of 13-19%, although developing countries have 

reported rates of up to 37.5%25-26. This clearly reflects the advanced healthcare systems in both 

countries27, despite similarly older patient cohorts who were at increased risk of mortality from 

bacteraemia.  Further research is needed to explore the predictors of mortality from bacteraemia in 

Singapore and Denmark.  

Future implications for research 

The data presented in this study only reflect some of the data in the two cohorts. Data on biomarkers 

of bacteraemia are available for all Singaporean patients and for the Danish patients hospitalised in 

the Region of Southern Denmark. The unique patient identifier number enabled linkages to other 

registries, which has been previously done for patients with haematological malignancies4. Ongoing 

studies with the two cohorts include readmissions after bacteraemia, nomograms that prioritize 

predictors of mortality, and derivation of biomarker clusters by machine learning methods inspired by 

a study on sepsis28. In the near future, we plan to embark on studies of longitudinal measurements of 

blood biomarkers in relation to inflammation, such as C-reactive protein or albumin and prospective 

study in understanding how other risk factors such as the use of catheter lines and antibiotic resistance 

patterns are different in patients with bacteremia in both countries       

Strengths 

Both Singapore and Denmark have healthcare systems with unique electronic medical records, 

allowing for the accrual of the respective 10-year bacteraemia cohorts and the longitudinal follow-up 

for clinical outcomes. Both healthcare systems were able to identify high numbers of bacteraemia 

episodes via positive blood culture and retrieve relevant patients’ records with good accuracy. Such 

high coverage settings in the study sites in both countries (25% and 35%) allowed population-based 

studies to be established which can be used to determine the incidence rate of bacteraemia and the 
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burden of bacteraemia in the population over time, monitoring the proportion of community-

acquired, nosocomial and healthcare-associated bacteraemia, and detecting a shift in the frequency 

of microbial isolates29.  

Bacteraemia is a serious infection of bloodstream, a sterile site. Bacteraemia is different from sepsis, 

which can be complicated by different classification of diseases code abstraction strategies and 

interpretation by different professions30. This may lead to misclassification bias which in turn 

underestimates the true incidence of sepsis. However, bacteraemia is a microbiological finding which 

is clear and precise. The same definitions for bacteraemia and laboratory classification in categorizing 

microorganisms were used for both cohorts, minimizing any misclassification bias. Furthermore, all 

first admission episodes for bacteraemia were included in the study and followed up prospectively for 

30 days after the positive blood culture, rendering any selection bias negligible.  

Limitations 

The main limitation is the lack of clinical data, which is a general weakness of data based on 

administrative registries though co-morbidities were coded from clinical data into diagnosis indexes, 

thus should not affect the accuracy on detection of co-morbidities conditions. Further, merging of the 

two cohorts’ data would be advantageous, but this is not possible due to legislation, but future studies 

will use one cohort for derivation and another for validation. Also, HCA’s definition includes residence 

in nursing and elderly folks’ home or regular home care by a nurse which were absent in both cohorts’ 

data.   

The study could be limited by the non-generalizability of findings to the Singaporean population, as 

only one hospital was included. However, the patient demographic of the study site is known to be 10 

years older than those of other public hospitals in Singapore.  As such, they present the profile of the 

population with the highest risk for poor clinical outcomes. Thus, understanding the epidemiology of 

bacteraemia in this vulnerable elderly group would enable the better management of bacteraemia in 

an aging population 

Conclusion 

The study presents important insights into the epidemiology and clinical outcomes of bacteraemia 

contemporaneously in two similarly-sized rapidly-ageing populations in two developed countries 

across two continents. Whilst the top four causative organisms and clinical outcomes were similar, 

the pre-existing comorbidities differed between the two cohorts. More efforts in diabetes prevention 

and smoking cessation could be promoted in Singapore and Denmark, respectively, to reduce the 

burden of bacteraemia.   
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Word count: 2,489 

 

 

Table 1. Patient demographics, outcomes and details of bacteraemia admission. 

 Singapore Denmark 
Demographics 
No. of patients 13,144 39,073 
Age (median, IQR) 71 (60-81) 72 (62-81)  
Gender (n, %) 

Female 
Male 

 
6,122 (46.6) 
7,022 (53.4) 

 
16,970 (43.4) 
22,103 (56.6) 

Charlson Comorbidity Index (median, IQR) 
0 (n, %) 
1-2 
>2 

3 (1-5) 
2,123 (16.2) 
 3,942 (30.0) 
7,079 (53.9) 

2 (1-4)  
7,711 (19.7) 
14,378 (36.8) 
16,984 (43.5) 

Comorbidities (n, %) 
Diabetes mellitus (Any) 

Without complication 
With complication 

Renal disease 
Cerebrovascular disease 
Myocardial infarction 
Malignancy (Any) 

Localised 
Metastatic solid tumour 

Congestive heart failure 
Liver disease 

Mild 
Moderate/severe 

Chronic pulmonary disease 
Dementia 
Peripheral vascular disease 
Peptic ulcer disease 
Hemi/paraplegia 
Connective tissue disease 
Acquired immunodeficiency syndrome 
Lymphoma 
Leukemia 
 

 
6,155 (46.8) 
1,693 (12.9) 
4,462 (33.9) 
3,883 (29.5) 
2,856 (21.7) 
2, 261 (17.2) 
2,133 (16.2) 
1,106 (8.4) 
1,027 (7.8) 
1, 871 (14.2) 
1,435 (10.9) 
1,074 (8.2) 
361 (2.8) 
1,276 (9.7) 
1,098 (8.4) 
1,107 (8.4) 
 876 (6.7) 
639 (4.9) 
276 (2.1) 
158 (1.2) 
151 (1.2) 
132 (1.0) 

 
10,958 (28.0) 
6,954 (17.8) 
4,004 (10.3) 
5,337 (13.7) 
7,441 (19.0) 
4,505 (11.5) 
13,802 (35.3) 
11,314 (29.0) 
2,488 (6.4) 
5,282 (13.5) 
3,344 (8.6) 
2,132 (5.5) 
1,212 (3.1) 
7,023 (18.0) 
1,714 (4.4) 
3,941 (10.1)  
3,902 (10.0) 
447 (1.1) 
2,401 (6.1) 
73 (0.2)  
1,526 (3.9) 
1,034 (2.7) 
 

Outcomes 
30-day mortality (n, %) 2,169 (16.5) 7,938 (20.3) 
Overall length of stay, days (median, IQR)  14 (9-28) 11 (6-21) 
Required intensive care unit admission (n, %) 2,041 (15.5) 6,078 (15.6) 
Type of bacteraemia 
Acquisition (n, %) 

Community-acquired 
 
8,709 (66.2) 

 
19,773 (50.6) 
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Nosocomial infections  
Healthcare-associated 
Unknown 

3,158 (24.0) 
1,277 (9.7) 
0 (0.0) 

7,009(17.9) 
11,994 (30.7) 
297 (0.8) 

No. of organisms within episode (n, %) 
Mono-microbial 
Poly-microbial 
 

 
11,337 (86.3) 
1,807 (13.8) 

 

35,283 (90.3) 

3,790 (9.7) 

 

IQR: Interquartile range 
*Numbers highlighted in bold are marked as data of interest for further discussion. 
 

Table 2. Top 10 organisms from admissions with mono-microbial bacteraemia (species) from the 

Singapore and Danish cohort (n, %) 

Rank Singapore n, % Denmark n, % 

1.  Escherichia coli 
3,996 
(35.3) 

Escherichia coli 
11,154 
(32.3)  

2.  Klebsiella pneumoniae 
1,795 
(15.8) 

Staphylococcus aureus 
4,220 
(12.2) 

3.  Staphylococcus aureus 
1,556 
(13.7) 

Streptococcus pneumoniae 
2,580 
(7.5) 

4.  Pseudomonas aeruginosa 
 319  
(2.8) 

Klebsiella pneumoniae 
1,927 
(5.6) 

5.   Salmonella Enteritidis 
 236  
(2.1) 

Staphylococcus epidermidis 
1,239 
(3.6) 

6.  
 Streptococcus agalactiae (Group B 
streptococcus) 

 229  
(2.0) 

Enterococcus faecalis 
1,059 
(3.1) 

7.   Proteus mirabilis 
 227  
(2.0) 

Enterococcus faecium 
899  
(2.6) 

8.   Streptococcus pneumoniae 
 201  
(1.8) 

Pseudomonas aeruginosa 
887  
(2.6) 

9.  Acinetobacter baumannii 
 180  
(1.6) 

Coagulase-negative 
staphylococci 

729  
(1.8) 

10.   Enterobacter cloacae 
 144  
(1.3) 

Haemolytic streptococci, 
Group G 

626  
(1.8) 
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