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Background: Health inequalities exist globally, but 
limited data exist on this topic for bacteraemia. Aim: 
In this study we investigated health inequalities sur-
rounding bacteraemia in England, to identify high-risk 
population groups and areas of intervention. Methods: 
We retrospectively analysed English surveillance data 
between 2018 and 2022 for Escherichia coli, Klebsiella 
species, Pseudomonas aeruginosa, and both meti-
cillin-sensitive and resistant Staphylococcus aureus 
(MSSA, MRSA) bacteraemia. Crude incidence rates 
stratified by index of multiple deprivation and ethnic 
groups were calculated; age-adjusted rate ratios were 
estimated using negative binomial regression models.
Results: We identified 342,787 bacteraemia cases. 
Across all pathogens, as the level of deprivation 
rose, so did the age-adjusted bacteraemia incidence 
rate ratio. Compared with residents of the 20% least 
deprived areas of England, residents of the 20% most 
deprived areas had a 2.68-fold increased bacteraemia 
rate for MRSA (95% CI: 2.29–3.13) and 1.95-fold for E. 
coli (95% CI: 1.84–2.05), and 15% higher odds of dying 
within 30 days of any bacteraemia (95% CI: 1.13–1.19). 
After age adjustment, the incidence of all bacteraemia 
was higher in the Asian and Black groups compared 
with the White group: for MRSA, 79% higher in the 
Asian (95% CI: 1.51–2.10) and 59% higher in the Black 
(95% CI: 1.29–1.95) groups. The exception was MSSA, 
whose incidence was highest in the White group.
Conclusion: Disproportionately higher age-adjusted 
incidence of bacteraemia occurred in deprived areas 
and ethnic minorities. These disparities are likely 
multifactorial, possibly including socioeconomic, cul-
tural, and systemic risk factors and different burden of 
comorbidities. Better understanding these factors can 
enable targeted interventions.

Introduction
Bacteraemia is an acute infection with considerable 
morbidity and mortality and increased healthcare 
costs. While certain patient characteristics, including 
extremes of age, male sex and comorbidities, are asso-
ciated with a higher risk of developing bacteraemia, 
there is limited understanding about its wider social 
determinants [1].

Europe has a large socioeconomically and ethnically 
diverse population, with England being no exception; 
recent population statistics observe that the percent-
age of the population in non-White ethnic groups 
increased from 14% in 2011 to 18% in 2021 [2]. In the 
2021 Census, 81.7% of England and Wales residents 
identified their broad ethnic group (EG) as White 
(median age: 43 years), 9.3% as Asian (or Asian British; 
32 years), 4.0% as Black (or Black British; 32 years), 
2.9% as Mixed (or Multiple; 19 years) and 2.1% as Other 
(32 years) [3]. Health inequalities exist within England, 
with evidence suggesting that socioeconomically 
deprived and minority ethnic groups are disproportion-
ately affected by poorer health outcomes; for example, 
shorter life expectancies, higher prevalence of certain 
nosocomial infections in more deprived areas [4,5], 
increased COVID-19 incidence [6] and mortality [7] 
among people from South Asian ethnic groups, as well 
as higher likelihood of long COVID symptoms in minor-
ity ethnicities [8]. The coincidence between undesira-
ble health outcomes and deprivation or belonging to an 
ethnic minority has also been observed in other coun-
tries. In Denmark, two studies identified an association 
between lower socioeconomic status and increased 
risk of  Staphylococcus aureus  bacteraemia, even after 
adjusting for comorbidities [9,10]. Studies identified 
higher incidence of S. aureus bacteraemia in the Māori 
and Pacific Island people in New Zealand [11] and among 
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Indigenous people in Australia [12]. A Dutch prospec-
tive cohort study identified substantial inequalities in 
various health outcomes between ethnic groups, only 
partly explained by socioeconomic status [13].

Ethnicity and race are social constructs, with varying 
interpretations in different countries and hold no intrin-
sic biological significance [14,15]. In certain countries, 
censuses do not collect or may even prohibit collect-
ing information about people’s ethnicity [16]. However, 
these factors carry important societal meanings and 
are linked to health inequalities [17], so it remains 
important for public health to report on the former, to 
assess and address the latter [14].

The objective of this study was to analyse the recent 
epidemiological trends of bacteraemia in England by 
deprivation and ethnic groups, focussing on the 20% 
most deprived areas and ethnic minority communi-
ties. This can be used to identify population groups 
whose social characteristics may be associated with an 
increased risk of bacteraemia, with the aim of inform-
ing action to reduce health inequalities and tackle the 
wider threat of antimicrobial resistance.

Methods

Setting and study design
This was a retrospective surveillance and data link-
age study, based on surveillance data from England 
between January 2018 and December 2022. Patients of 
all ages were included.

The United Kingdom (UK) Health Security Agency con-
ducts continuous national mandatory surveillance of 
bacteraemia caused by four priority bacteria: three 
Gram-negative bacteria (Escherichia coli,  Klebsiella  sp
ecies,  Pseudomonas aeruginosa) and meticillin-sensi-
tive (MSSA) and resistant  S. aureus  (MRSA). All cases 
from public sector hospitals were included in this 
study. Cases identified post-mortem are excluded from 
surveillance.

Data sources and definitions
Bacteraemia was defined as a blood culture positive 
for one of the mentioned pathogens. Infections were 
classified as hospital-onset (HO) if the specimen was 
collected in an acute hospital on day 3 or later from 
admission, where date of admission is day 1; commu-
nity-onset (CO) otherwise. Repeat specimens that were 
positive for the same pathogen in the subsequent 
14 days were excluded [18].

To align with a National Health Service (NHS) England 
approach to inform action for reducing healthcare 
inequalities (Core20PLUS5) [19], which identifies pop-
ulations in the 20% most deprived areas as a target, 
deprivation was defined as quintile of index of multi-
ple deprivation (IMD) 2019. This is a composite meas-
ure which relatively ranks Lower-layer Super Output 
Areas (LSOA) in England from most to least deprived. 
All LSOAs in England (each with an average of 1,500 
residents) [20] were included in the study. The seven 
domains that make up the IMD are income, employ-
ment, education, health, crime, barriers to housing and 
services, and living environment.

What did you want to address in this study and why?
Socioeconomic inequalities exist across infections. We wanted to assess if the incidence of common 
bacteraemia varies across deprivation level and ethnic groups in England and to quantify any differences. 
The aim was to identify high-risk population groups and areas for public health interventions. Between 2018 
and 2022, we investigated bacteraemia caused by Escherichia coli, Klebsiella and Pseudomonas aeruginosa 
bacterial species as well as by meticillin-susceptible and resistant Staphylococcus aureus (MRSA, MSSA).

What have we learnt from this study?
In England, bacteraemia from E. coli, Klebsiella spp., P. aeruginosa and particularly MRSA disproportionately 
affected people from the Black and Asian ethnic groups, after adjusting for age. In contrast, the White 
ethnic group had higher incidence of community-onset MSSA bacteraemia. People living in the 20% most 
deprived areas of England also had higher age-standardised incidence of all bacteraemia (176.7 compared 
to 91.7 per 100,000 population per year in the 20% least deprived areas), and especially MRSA bacteraemia.

What are the implications of your findings for public health?
Public health agencies and health research organisations should consider stratifying their analyses by 
ethnicity and deprivation to identify and quantify health inequalities. Further studies including qualitative 
research is required to identify the root causes of these concerning inequalities in the incidence of 
bacteraemia caused by different pathogens, so that adapted measures can be designed to mitigate them.

KEY PUBLIC HEALTH MESSAGE
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Each bacteraemia case was deterministically linked 
via the postcode of residence at the time of infection 
to an LSOA and its IMD quintile. Unlinked cases were 
excluded from IMD analyses.

Populations by deprivation level were calculated by 
summing the LSOA populations for each IMD quintile. 
We used mid-year population estimates published 
by the UK Office of National Statistics for years 2018, 
2019, and 2020; mid-2020 estimates were carried for-
ward for 2021 and 2022.

Ethnicity is self-stated at the time of hospital admis-
sion. Broad EGs were defined according to the Office of 
National Statistics classification; each group is made 
up of a series of detailed EGs [2].

Ethnicity data were obtained via data linkage from the 
NHS Hospital Episode Statistics (HES), covering sec-
ondary care activity in NHS hospitals in England [21]. 
Hospital guidance specifies that ethnicity should be 
self-reported by patients. For each patient, we captured 
all recorded ethnicities from all hospital admissions in 
HES across their lifetime, regardless of whether the 
admission was related to bacteraemia. When patients 
had different recorded ethnicities in different hospital 

admissions, we selected a single ethnicity by using 
an algorithm developed by the UK Office for Health 
Improvement and Disparities [22]. Cases were then 
deterministically linked by NHS number (a unique iden-
tifier) and date of birth. Unlinked cases were excluded 
from ethnicity analyses.

For population demographics, we used Office of 
National Statistics populations by detailed EG and age 
group from the 2021 national census, during which 
ethnicity data were self-reported. We calculated popu-
lations by broad EG by summing the detailed EG popula-
tions (e.g. we calculated the total ‘White’ EG population 
by summing the ‘White – British’, ‘White – Irish’ and 
‘White – Any other White background’ populations).

Date of death was obtained via data linkage to the NHS 
Spine (https://digital.nhs.uk/services/spine); records 
were traced using date of birth and NHS number. 
Unlinked cases were excluded from the case fatality 
analyses. Episodes of bacteraemia were de-duplicated 
within a 30-day window before mortality analysis: if a 
patient had two episodes caused by the same patho-
gen and died within a 30-day window, only the later 
episode was kept, to avoid double counting their death.

Table 1
Summary of bacteraemia cases identified during the study, England, January 2018–December 2022 (n = 342,787 cases)

Characteristic Group

Cases of bacteraemia

Overall 
 

n = 342,787

Caused by E. 
coli 

 
n = 200,530

Caused 
by Klebsiella spp. 

 
n = 55,673

Caused by P. 
aeruginosa 

 
n = 21,515

Caused by 
MSSA 

 
n = 61,257

Caused by 
MRSA 

 
n = 3,812

Number %a Number %a Number %a Number %a Number %a Number %a

Sex
Female 152,874 44.6 100,963 50.4 20,675 37.2 7,675 35.7 22,219 36.3 1,342 35.2

Male 189,728 55.4 99,463 49.6 34,969 62.8 13,832 64.3 38,996 63.7 2,468 64.8
Unknown 185 N/A 104 N/A 29 N/A 8 N/A 42 N/A 2 N/A

Median age in years (IQR) 73 (59–83) 75 (63–84) 72 (59–81) 72 (58–82) 65 (47–79) 67 (47–81)

Index of 
Multiple 
Deprivation 
quintile

1st (most 
deprived) 77,577 23.0 44,166 22.4 12,511 22.9 4,131 19.5 15,743 26.2 1,026 27.6

2nd 71,072 21.1 41,142 20.8 11,915 21.8 4,402 20.8 12,762 21.3 851 22.9
3rd 67,567 20.0 39,724 20.1 11,036 20.2 4,523 21.4 11,576 19.3 708 19.0
4th 63,492 18.8 38,131 19.3 9,984 18.3 4,222 19.9 10,562 17.6 593 16.0

5th (least 
deprived) 57,405 17.0 34,391 17.4 9,174 16.8 3,898 18.4 9,403 15.7 539 14.5

Unknown 5,674 N/A 2,976 N/A 1,053 N/A 339 N/A 1,211 N/A 95 N/A

Ethnic group

Asian 21,025 6.4 11,992 6.2 4,212 7.9 1,271 6.2 3,170 5.4 380 10.5
Black 9,924 3.0 5,024 2.6 2,237 4.2 902 4.4 1,608 2.7 153 4.2
Mixed 2,610 0.8 1,302 0.7 504 0.9 192 0.9 575 1.0 37 1.0
White 293,012 89.3 172,807 90.0 45,993 86.4 18,106 88.0 53,071 90.5 3,035 83.7
Other 1,628 0.5 944 0.5 308 0.6 103 0.5 250 0.4 23 0.6

Unknown 14,588 N/A 8,461 N/A 2,419 N/A 941 N/A 2,583 N/A 184 N/A

Onset
Community-onset 261,423 76.3 163,646 81.6 38,015 68.3 13,431 62.4 43,840 71.6 2,491 65.3

Hospital-onset 81,364 23.7 36,884 18.4 17,658 31.7 8,084 37.6 17,417 28.4 1,321 34.7

E. coli: Escherichia coli; IQR: interquartile range; MRSA: meticillin-resistant Staphylococcus aureus; MSSA: meticillin-
susceptible Staphylococcus aureus; N/A: not applicable; P. aeruginosa: Pseudomonas aeruginosa.

a Percentages refer to the total of known values in each column.
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Figure 1
Crude and age-standardised incidence rate of bacteraemia by index of multiple deprivation group, England, January 2018–
December 2022 (n = 342,787 cases)
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E. coli: Escherichia coli; MRSA: meticillin-resistant Staphylococcus aureus; MSSA: meticillin-susceptible Staphylococcus aureus; P. aeruginosa: 
Pseudomonas aeruginosa.

The index of multiple deprivation groups (i.e. quintile) are indicated on the Y axis. The ranges indicate the 95% confidence intervals around 
the point estimates; some are too narrow to be visible.
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Statistical methods
Data processing, linkage, analysis, and visualisations 
were conducted using R version 4.3.0 [23].

Stratified incidence rates were calculated and pre-
sented as yearly averages per 100,000 population. 
Assuming an alpha value of 0.05, Poisson 95% confi-
dence intervals (CI) were constructed using the exact 
method. Direct age standardisation using the 2013 
European Standard Population [24] was used to esti-
mate age-standardised incidence rates; their 95% CI 
were calculated using Byar’s method with Dobson 
adjustment.

IMD- and ethnicity-stratified incidence rates of HO bac-
teraemia were calculated using population denomina-
tors, as occupied hospital bed-days are not available 
stratified by IMD or ethnic group.

Age-adjusted rate ratios (aRR) and their 95% CI were 
estimated using negative binomial regression models 
(as implemented in R package MASS). The dependent 
variable was the count of infections in each age and 
exposure (IMD or ethnicity) group. The exposure group 
and the 5-year age interval served as categorical covar-
iates, while the natural logarithm of the population in 
the respective exposure/age group was employed as 
an offset. Estimates were exponentiated. The reference 
groups were the 20% least deprived areas (5th quintile), 
for IMD, and the White group, for ethnicity.

All-cause case fatality rates at 30 days (CFR) were 
calculated by IMD quintile and by ethnic group; bino-
mial 95% CIs were estimated using the exact method. 
To control the effect of age, age-adjusted odds ratios 
(aOR) were estimated, using two logistic regression 
models: 30-day mortality was the dependent variable, 
while the covariates were 5-year age interval and either 
IMD quintile or ethnic group.
We followed the REporting of studies Conducted using 
Observational Routinely-collected Data (RECORD) 
reporting guidelines and GUidance for Information 
about Linking Data sets (GUILD) [25,26].

Results

Characteristics
Between 2018 and 2022, there were a total of 342,787 
cases of bacteraemia (Table 1), with the majority 
being  E. coli  (200,530; 58.5%), followed by MSSA 
(61,257; 17.9%), Klebsiella spp. (55,673; 16.2%), P. aer-
uginosa  (21,515; 6.3%) and MRSA (3,812; 1.1%). The 
median age across all pathogens was 73 years (inter-
quartile range (IQR): 59–83), while the age distribution 
appeared to be younger for S. aureus bacteraemias (for 
MSSA: median 65 years; IQR: 47–79).

Hospital-onset infections (n = 81,364) constituted 
23.7% of the total; however, this percentage appeared 
to be higher for  P. aeruginosa  (8,084; 37.6%), MRSA 
(1,321; 34.7%),  Klebsiella  spp. (17,658; 31.7%), and 

MSSA (17,417; 28.4%), and only lower for E. coli (36,884; 
18.4%).

Combined  S. aureus  results are presented in 
the Supplementary Tables 1–3, to facilitate comparison 
with other studies which may not report on MSSA and 
MRSA separately.

Deprivation linkage was successful in 337,113 of 
342,787 cases (98.3%). The remaining cases could not 
be linked because of various reasons: missing post-
code in the data source (3,995; 1.2%), patients resid-
ing outside England (1,282; 0.4%), homelessness (186; 
0.05%), or because of other reasons (211; 0.06%). 
These causes were consistent across the pathogens, 
except for a slightly higher frequency of homelessness 
observed among S. aureus cases (data not shown).

Incidence of bacteraemia appeared higher in increas-
ing levels of deprivation, with 23.0% of bacteraemias 
in the most deprived areas (n = 77,577) and 17.0% in the 
least deprived areas (n = 57,405).

Ethnicity linkage was successful in 328,199 of 342,787 
cases (95.7%); for the remaining cases, ethnicity was 
unknown because of linkage failure (6,257; 1.8%), the 
patient had decided not to state their ethnicity (4,910; 
1.4%), the NHS number was unknown (2,882; 0.8%), or 
because ethnicity was recorded as ‘Not known’ (539; 
0.2%). These causes were consistent across the patho-
gens (data not shown).

Among cases where ethnicity was known, 89.3% 
occurred in the White EG (n = 293,012), while the Asian 
EG accounted for 6.4% (n = 21,025), the Black EG for 
3.0% (n = 9,924), the Mixed EG for 0.8% (n = 2,610), and 
the Other EG for 0.5% of cases (n = 1,628). More than 
30% of cases from the Black (3,804/9,924; 38.5%), 
Asian (6,581/21,025; 31.4%), Mixed (817/2,610; 31.6%), 
Other (506/1,628; 31.4%) EGs lived in the most deprived 
areas of England, while only 21.8% (63,581/293,012) of 
cases from the White EG lived in those areas as pre-
sented in the Supplementary Table 4.

Incidence by index of multiple deprivation
Across the pathogens, except  P. aeruginosa, as the 
level of deprivation increased, so did the crude inci-
dence rate of bacteraemia (Figure 1,  Table 2). There 
were 105.1 bacteraemias from any pathogen per 
100,000 population per year in the 20% least deprived 
areas of England, while there were 137.6 per 100,000 
in the 20% most deprived areas. After accounting for 
age, these rates were further apart, respectively 91.7 
(95% CI: 91.0–92.5) and 176.7 (95% CI: 175.5–178.0) per 
100,000 population per year, with an age-adjusted rate 
ratio of 2.01 (95% CI: 1.89–2.15) between these two 
groups.

Rate ratios by IMD  were highest for S. aureus bacteraemia: 
the most deprived areas of England had 2.68 times 
higher incidence than the least deprived areas for 
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Table 2
Cases of bacteraemia by pathogen and index of multiple deprivation quintile, England, January 2018–December 2022 
(n = 342,787 cases)

Pathogens considered in 
the study IMD quintile Cases Agea Crude rateb,c Age-standardised 

rateb,c
Age-adjusted rate 

ratiob,c

All

1st (most deprived) 77,577 68 (52–80) 137.6 (136.6–138.6) 176.7 (175.5–178.0) 2.01 (1.89–2.15)
2nd 71,072 72 (57–82) 122.6 (121.7–123.5) 141.0 (140.0–142.1) 1.55 (1.46–1.66)
3rd 67,567 74 (61–83) 118.0 (117.2–118.9) 117.4 (116.5–118.3) 1.29 (1.21–1.37)
4th 63,492 75 (64–84) 114.0 (113.1–114.9) 104.2 (103.4–105.0) 1.12 (1.05–1.20)

5th (least deprived) 57,405 76 (65–85) 105.1 (104.2–106.0) 91.7 (91.0–92.5) Reference
Unknown 5,674 58 (32–74) N/A N/A N/A

E. coli

1st (most deprived) 44,166 72 (58–82) 78.3 (77.6–79.1) 103.3 (102.3–104.3) 1.95 (1.84–2.05)
2nd 41,142 74 (61–83) 71.0 (70.3–71.6) 82.5 (81.7–83.3) 1.52 (1.44–1.60)
3rd 39,724 76 (64–84) 69.4 (68.7–70.1) 68.8 (68.2–69.5) 1.25 (1.18–1.32)
4th 38,131 77 (66–85) 68.5 (67.8–69.1) 62.2 (61.6–62.9) 1.12 (1.06–1.18)

5th (least deprived) 34,391 78 (67–85) 63.0 (62.3–63.6) 54.5 (53.9–55.1) Reference
Unknown 2,976 63 (36–76) N/A N/A N/A

Klebsiella spp.

1st (most deprived) 12,511 68 (54–79) 22.2 (21.8–22.6) 28.7 (28.2–29.2) 2.01 (1.88–2.15)
2nd 11,915 70 (57–81) 20.5 (20.2–20.9) 23.7 (23.3–24.1) 1.66 (1.55–1.77)
3rd 11,036 73 (60–82) 19.3 (18.9–19.6) 19.2 (18.9–19.6) 1.33 (1.24–1.42)
4th 9,984 74 (63–83) 17.9 (17.6–18.3) 16.4 (16.1–16.7) 1.12 (1.04–1.20)

5th (least deprived) 9,174 75 (64–84) 16.8 (16.5–17.1) 14.7 (14.4–15.0) Reference
Unknown 1,053 58 (32–72) N/A N/A N/A

P. aeruginosa

1st (most deprived) 4,131 68 (53–79) 7.3 (7.1–7.6) 9.4 (9.1–9.7) 1.53 (1.43–1.65)
2nd 4,402 70 (56–81) 7.6 (7.4–7.8) 8.7 (8.5–9.0) 1.40 (1.31–1.50)
3rd 4,523 72 (59–82) 7.9 (7.7–8.1) 7.9 (7.7–8.1) 1.29 (1.20–1.38)
4th 4,222 74 (63–83) 7.6 (7.4–7.8) 6.9 (6.7–7.2) 1.10 (1.02–1.18)

5th (least deprived) 3,898 75 (64–84) 7.1 (6.9–7.4) 6.3 (6.1–6.5) Reference
Unknown 339 56 (30–70) N/A N/A N/A

MSSA

1st (most deprived) 15,743 57 (40–73) 27.9 (27.5–28.4) 33.2 (32.6–33.7) 2.26 (2.04–2.52)
2nd 12,762 63 (46–77) 22.0 (21.6–22.4) 24.5 (24.1–24.9) 1.61 (1.45–1.79)
3rd 11,576 68 (51–80) 20.2 (19.9–20.6) 20.2 (19.8–20.6) 1.33 (1.19–1.48)
4th 10,562 71 (55–82) 19.0 (18.6–19.3) 17.6 (17.3–18.0) 1.16 (1.04–1.29)

5th (least deprived) 9,403 73 (57–83) 17.2 (16.9–17.6) 15.4 (15.1–15.7) Reference
Unknown 1,211 45 (29–65) N/A N/A N/A

MRSA

1st (most deprived) 1,026 57 (41–75) 1.8 (1.7–1.9) 2.2 (2.1–2.3) 2.68 (2.29–3.13)
2nd 851 64 (45–79) 1.5 (1.4–1.6) 1.6 (1.5–1.7) 1.94 (1.66–2.28)
3rd 708 67 (50–81) 1.2 (1.1–1.3) 1.2 (1.1–1.3) 1.47 (1.25–1.73)
4th 593 74 (60–84) 1.1 (1.0–1.2) 1.0 (0.9–1.1) 1.13 (0.96–1.34)

5th (least deprived) 539 76 (62–85) 1.0 (0.9–1.1) 0.9 (0.8–1.0) Reference
Unknown 95 44 (30–62) N/A N/A N/A

E. coli: Escherichia coli; IMD: index of multiple deprivation; MRSA: meticillin-resistant Staphylococcus aureus; MSSA: meticillin-
susceptible Staphylococcus aureus; N/A: not applicable; P. aeruginosa: Pseudomonas aeruginosa.

a Median age in years (interquartile range).
b Rates are incidence rates per 100,000 population per year.
c Point estimate (95% confidence interval).
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MRSA (95% CI: 2.29–3.13) and 2.26 times higher for 
MSSA (95% CI: 2.04–2.52). Disproportionate rates 
were also seen for Gram-negative bacteraemia, but 
less conspicuous: 2.01 times higher for Klebsiella spp. 
(95% CI: 1.88–2.15); 1.95 for E. coli (95% CI: 1.84–2.05); 
1.53 for P. aeruginosa (95% CI: 1.43–1.65).

Median age at time of infection appeared to be lower 
in the most deprived areas than in the least deprived 
areas, particularly for  S. aureus  bacteraemias (e.g. 57 
vs 76 years for MRSA), but also for Gram-negative bac-
teraemias (e.g. 68 vs 75 years for  Klebsiella  spp.). Of 
note, cases with unknown IMD quintile tended to be 
younger than those with known IMD; this was mostly 

Figure 2
Crude and age-standardised incidence of bacteraemia by ethnic group, England, January 2018–December 2022 (n = 342,787 
cases)

MRSA

MSSA

P. aeruginosa

Klebsiella spp.

E . coli

All  pathogens

0.0 0.5 1.0 1 . 5 2.0 2.5

0 5 1 0 1 5 20

0 5 1 0

0 1 0 20 30

0 2 5 5 0 7 5

0 5 0 100 1 5 0

Any other ethnic group
White

Mixed / Multiple ethnic groups
Black / African / Caribbean / Black British

Asian / Asian British

Any other ethnic group
White

Mixed / Multiple ethnic groups
Black / African / Caribbean / Black British

Asian / Asian British

Any other ethnic group
White

Mixed / Multiple ethnic groups
Black / African / Caribbean / Black British

Asian / Asian British

Any other ethnic group
White

Mixed / Multiple ethnic groups
Black / African / Caribbean / Black British

Asian / Asian British

Any other ethnic group
White

Mixed / Multiple ethnic groups
Black / African / Caribbean / Black British

Asian / Asian British

Any other ethnic group
White

Mixed / Multiple ethnic groups
Black / African / Caribbean / Black British

Asian / Asian British

Incidence rate (per 100,000 population per year)

Type of rate

Crude

Age-standardised

The ranges indicate the 95% confidence intervals around the point estimate; some are too narrow to be visible.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2025.30.9.2400312&domain=pdf&date_stamp=2025-03-06


8 www.eurosurveillance.org

due to neonates often not having a known postcode of 
residence (data not shown).

Incidence by ethnic group
The White ethnic group had a higher crude incidence 
rate than any other group for all bacteraemia except 
MRSA: across all pathogens, 128.0 (95% CI: 127.5–
128.5) per 100,000 population per year, compared 
with 83.3 (95% CI: 81.7–85.0) in the Black and 77.5 
(95% CI: 76.4–78.5) in the Asian group. However, this 
was substantially influenced by age, as the median age 
at time of infection appeared to be substantially higher 
in the White EG.

The age-adjusted incidence rate of any bacterae-
mia was 27% higher in the Black EG (aRR: 1.27; 
95% CI: 1.18–1.37) and 19% higher in the Asian EG 
(aRR: 1.19; 95% CI: 1.11–1.27), compared with the White 
EG (Figure 2, Table 3). Differences were particularly pro-
nounced for bacteraemia caused by MRSA and Gram-
negative bacteria. The age-adjusted incidence rates of 
MRSA in the Asian and Black EG were respectively 1.79 
and 1.59 times higher than in the White EG (95% CI, 
respectively: 1.51–2.10 and 1.29–1.95). Age-adjusted 
rate ratios of  Klebsiella  spp. bacteraemia were higher 
in the Black (1.84; 95% CI: 1.76–1.92) and Asian (1.58; 
95% CI: 1.53–1.63) groups compared with the White 
group; slightly lower rate ratios were seen for  E. coli. 
For  P. aeruginosa  bacteraemia, the Black EG had the 
highest age-adjusted rate ratio (1.84; 95% CI: 1.72–
1.97) compared with the White group. Conversely, the 
White EG had the highest age-adjusted rate of MSSA 
bacteraemia: this was 25% higher than in the Asian 
(aRR: 0.80; 95% CI: 0.72–0.89) and 14% higher than in 
the Black EG (aRR: 0.88; 95% CI: 0.79–0.99).

The Mixed and Other EGs had lower crude and age-
standardised incidence rates than the White group 
for E. coli, MSSA and MRSA; however, this could be due 
to poor ethnicity data quality for the former two groups 
(see Discussion).

Median age at time of infection for bacteraemia over-
all appeared to be lower in the Black EG (58 years) 
and Asian EG (64 years) compared with the White 
EG (74 years); this was particularly marked for MRSA 
(respectively 51, 53 and 70 years) and MSSA (50, 50 
and 67 years).

Incidence by ethnic subgroup
As illustrated in Supplementary Figure 1, further analy-
sis by ethnic subgroup showed that, within the Asian 
EG, the Bangladeshi and Pakistani ethnic subgroups 
appeared to have higher age-standardised incidence 
of bacteraemia compared with the Indian and Chinese 
groups (respectively 213.2, 165.6, 127.8 and 100.0 
cases per 100,000 population). The Other White sub-
group, which includes White ethnic minorities, also 
seemed to have higher age-standardised incidence 
compared with the White British majority subgroup 
and the White Irish subgroup (respectively 169.4, 119.0 

and 83.9 cases per 100,000 population). Within the 
Black EG, the Other Black subgroup appeared to have 
higher incidence of MSSA, E. coli, Klebsiella spp. and P. 
aeruginosa bacteraemia, and a similar general pattern 
was seen with the Other Asian subgroup; however, this 
could be due to misclassification of ethnic subgroup in 
the health records (see Discussion).

Incidence by ethnic group and onset of 
infection
Differences in age-stratified incidence rates across eth-
nic groups were identifiable not only in CO cases but 
also in HO cases, even if with occasionally differing 
patterns (Figure 3). This is detailed in  Supplementary 
Table 5.

For all three Gram-negative bacteraemias, the age-
standardised HO rate was highest in the Black EG, 
followed by the Asian and White groups. The age-
standardised CO rate of P. aeruginosa was also highest 
in the Black EG, while for  E. coli  it was higher in the 
Asian group, and for  Klebsiella  spp. it was highest in 
both.

The age-standardised rate of CO MSSA was higher in 
the White EG than in the Asian and Black EG; for HO 
cases, incidence was comparable across these three 
groups.

For MRSA, age-standardised incidence was higher in 
the Asian and Black EG for both CO and HO; however, 
smaller counts led to wide 95% CI.

Case fatality
Mortality linkage was successful in 338,405 of 342,787 
cases (98.7%).

The crude 30-day CFR was comparable across depri-
vation groups, ranging between 17.6% (95% CI: 17.3–
17.9%) in the most deprived quintile to 18.1% 
(95% CI: 17.8–18.4%) in the least deprived quintile. 
However, this was influenced by age. After adjusting 
for age, the estimated odds of dying within 30 days in 
the most deprived quintile was 15% higher than in the 
least deprived quintile (aOR: 1.13–1.19).

The unadjusted 30-day CFR was highest in the White 
ethnic group (18.3%; 95% CI: 18.1–18.4%); it was 14.1% 
in the Asian (95%: 13.6–14.6%) and 13.9% in the Black 
EG (95% CI: 13.3–14.6%). After adjusting for age, com-
pared with the White EG, there was no evidence of 
disproportional odds of dying within 30 days in the 
Black EG, while the Asian EG had slightly lower odds 
(aOR: 0.92; 95% CI: 0.89–0.96).

Discussion
Between 2018 and 2022, we observe disproportion-
ately high age-adjusted incidence of bacteraemia in 
deprived areas of England and among minority ethnic 
groups. This constitutes a health equity concern, build-
ing on the body of evidence for the presence of social 
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Table 3
Cases of bacteraemia by pathogen and ethnic group, England, January 2018–December 2022 (n = 342,787 cases)

Pathogens considered in 
the study Ethnic group Cases Agea Crude rateb,c Age-standardised 

rateb,c
Age-adjusted rate 

ratiob,c

All

Asian 21,025 64 (44–77) 77.5 (76.4–78.5) 151.0 (148.7–153.4) 1.19 (1.11–1.27)
Black 9,924 58 (42–74) 83.3 (81.7–85.0) 143.5 (140.2–146.9) 1.27 (1.18–1.37)
Mixed 2,610 48 (21–68) 31.3 (30.1–32.5) 102.0 (96.5–107.6) 0.79 (0.73–0.85)
White 293,012 74 (61–83) 128.0 (127.5–128.5) 119.2 (118.8–119.6) Reference
Other 1,628 55 (36–72) 26.5 (25.2–27.8) 46.7 (44.0–49.4) 0.43 (0.4–0.47)

Unknown 14,588 67 (47–79) N/A N/A N/A

E. coli

Asian 11,992 67 (49–79) 44.2 (43.4–45.0) 92.5 (90.7–94.4) 1.25 (1.14–1.36)
Black 5,024 61 (45–78) 42.2 (41.0–43.4) 77.8 (75.4–80.4) 1.21 (1.11–1.33)
Mixed 1,302 53 (30–72) 15.6 (14.8–16.5) 58.4 (54.2–62.8) 0.78 (0.71–0.86)
White 172,807 76 (65–84) 75.5 (75.1–75.8) 69.7 (69.4–70.1) Reference
Other 944 57 (37–74) 15.4 (14.4–16.4) 28.1 (26.0–30.3) 0.47 (0.42–0.53)

Unknown 8,461 69 (50–80) N/A N/A N/A

Klebsiella spp.

Asian 4,212 64 (47–76) 15.5 (15.1–16.0) 30.1 (29.1–31.1) 1.58 (1.53–1.63)
Black 2,237 59 (47–72) 18.8 (18.0–19.6) 32.5 (31.0–34.2) 1.84 (1.76–1.92)
Mixed 504 54 (27–70) 6.0 (5.5–6.6) 21.9 (19.4–24.6) 1.01 (0.93–1.11)
White 45,993 73 (61–82) 20.1 (19.9–20.3) 18.7 (18.5–18.9) Reference
Other 308 59 (43–71) 5.0 (4.5–5.6) 9.3 (8.1–10.6) 0.51 (0.46–0.57)

Unknown 2,419 66 (47–78) N/A N/A N/A

P. aeruginosa

Asian 1,271 60 (41–72) 4.7 (4.4–4.9) 8.2 (7.7–8.7) 1.18 (1.11–1.25)
Black 902 57 (43–69) 7.6 (7.1–8.1) 12.4 (11.5–13.4) 1.84 (1.72–1.97)
Mixed 192 45 (13–63) 2.3 (2.0–2.6) 6.6 (5.3–8.0) 0.91 (0.78–1.04)
White 18,106 73 (61–83) 7.9 (7.8–8.0) 7.4 (7.3–7.5) Reference
Other 103 56 (34–74) 1.7 (1.4–2.0) 3.1 (2.4–3.8) 0.43 (0.35–0.51)

Unknown 941 67 (50–78) N/A N/A N/A

MSSA

Asian 3,170 50 (21–68) 11.7 (11.3–12.1) 18.0 (17.2–18.7) 0.80 (0.72–0.89)
Black 1,608 50 (29–62) 13.5 (12.9–14.2) 18.8 (17.7–19.9) 0.88 (0.79–0.99)
Mixed 575 29 (5–53) 6.9 (6.3–7.5) 13.9 (12.1–15.9) 0.60 (0.52–0.69)
White 53,071 67 (50–80) 23.2 (23.0–23.4) 22.1 (21.9–22.3) Reference
Other 250 45 (18–61) 4.1 (3.6–4.6) 5.6 (4.7–6.4) 0.27 (0.23–0.32)

Unknown 2,583 59 (37–75) N/A N/A N/A

MRSA

Asian 380 53 (29–70) 1.4 (1.3–1.5) 2.2 (2.0–2.5) 1.79 (1.51–2.10)
Black 153 51 (33–66) 1.3 (1.1–1.5) 1.9 (1.6–2.3) 1.59 (1.29–1.95)
Mixed 37 40 (28–55) 0.4 (0.3–0.6) 1.2 (0.6–1.9) 0.89 (0.61–1.26)
White 3,035 70 (51–82) 1.3 (1.3–1.4) 1.3 (1.2–1.3) Reference
Other 23 49 (24–66) 0.4 (0.2–0.6) 0.7 (0.4–1.1) 0.65 (0.41–0.98)

Unknown 184 58 (37–77) N/A N/A N/A

E. coli: Escherichia coli; IMD: index of multiple deprivation; MRSA: meticillin-resistant Staphylococcus aureus; MSSA: meticillin-
susceptible Staphylococcus aureus; N/A: not applicable; P. aeruginosa: Pseudomonas aeruginosa.

a Median age in years with (interquartile range).
b Rates are incidence rates per 100,000 population per year.
c Point estimate (95% confidence interval).
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inequalities in a variety of infections and other health 
outcomes.

The inequality between most and least deprived areas 
was largest with S. aureus bacteraemia, with the age-
adjusted incidence 2.68 times higher for MRSA and 
2.26 times higher for MSSA. These findings confirm and 
expand on those from two Danish studies conducted in 
1996–2010, which identified an association between S. 
aureus  bacteraemia and different metrics of social 
deprivation: compared with people in the highest 
income tertile, those in the lowest tertile had 2.77 
higher odds of  S. aureus  bacteraemia; after adjusting 
for comorbidities, this decreased to 1.69 [9,10]. These 
findings are also in keeping with a study conducted in 
London in the late 1990s, highlighting a higher risk of 
postoperative MRSA infection among people living in 
the most deprived areas [27], and with a 2012 London 
study that identified an association between house-
hold deprivation and MRSA isolates from any body site 
[28]. In our study, inequality by deprivation was also 
present for Gram-negative bacteraemia, but to a lesser 
extent. Age-adjusted mortality was also higher in the 
20% most deprived areas of England.

The crude incidence of these infections was high-
est in the White EG; however, this was considerably 
influenced by age, as this population has the high-
est median age, and older age is a known risk factor 
for bacteraemia [1]. After age adjustment, we note 
that the Black and Asian EGs were disproportionately 
affected by bacteraemia from all pathogens, except 

for community-onset MSSA bacteraemia. The greatest 
increase in risk among the Asian and Black groups com-
pared with the White EG were seen for MRSA bacterae-
mia (+ 79% and + 59% respectively) and Klebsiella spp. 
bacteraemia (+ 58% and + 84% respectively); the Black 
group also had an 84% higher age-adjusted rate of P. 
aeruginosa  compared with the White EG.  E. coli  rates 
were also increased, but to a lesser extent. These 
differences have been largely consistent throughout the 
study period, as previously reported [29]. Interestingly, 
we saw that the incidence of MSSA bacteraemia was 
highest in the White EG, even after adjusting for age, 
which contrasts with our MRSA results. We can specu-
late that this may reflect possible ethnic disparities in 
resistance patterns of S. aureus colonisation, possibly 
secondary to differential exposure to healthcare 
environments, or differential antibiotic usage.

We noted these inequalities also existed in HO cases, 
even though we anticipated that people from different 
EGs would have comparable exposures to bacterae-
mia-causing pathogens in hospital, while in the com-
munity various environmental and behavioural factors 
would be influential. However, there are other patient-
level factors that would predispose to bacteraemia 
regardless of patient location, such as comorbidities. 
Moreover, using a population denominator for HO infec-
tions might lead to biased rate estimates, if minority 
EGs are hospitalised more often than the White group.
Ethnic groups are internally heterogeneous, with higher 
rates of bacteraemia observed in the Bangladeshi sub-
group compared with the Indian subgroup, and in the 

Figure 3
Crude and age-standardised incidence of community- and hospital-onset bacteraemia by ethnic group, England, January 
2018–December 2022 (n = 342,787 cases)
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White Other subgroup compared with the majority 
White British subgroup.

Cases of bacteraemia in minority ethnic groups and 
living in more deprived areas tended to be younger on 
average than those in the White group and those living 
in richer areas.

The ethnicity results are only partially consistent 
with two studies from New Zealand and Australia, 
conducted in 1997 and 2010, respectively, indicating 
higher incidence of any  S. aureus  bacteraemia among 
local minority ethnic groups (Māori, Pacific Islanders, 
indigenous Australians [11,12]); in our study, minority 
ethnicities only had a higher risk of MRSA bacteraemia, 
while CO MSSA bacteraemia was found to be dispro-
portionately affecting the White ethnic group.

There are limited studies on health inequalities in 
bacteraemia; these findings are, however, generally 
consistent with studies on social inequalities in health-
care-associated infections [5], COVID-19 [6-8], other 
infectious diseases [30], and other health outcomes 
[13,17,31] indicating that people from minority ethnic 
groups and/or with socioeconomic deprivation have 
higher burden of disease.

Interestingly, the disproportionately high incidence 
among minority ethnic groups is not reflected in case 
fatality; in fact, the Asian EG has slightly lower age-
adjusted odds of 30-day mortality, compared with the 
White group. Reasons for this finding are unclear; it is 
possible that these associations are influenced by fac-
tors not available in this study. Therefore, some degree 
of caution is required in interpretation.

Inequalities in the incidence of bacteraemia across 
deprivation and ethnic groups are likely to be complex 
and multifactorial, involving a different distribution of 
biological, socioeconomic, cultural, and systemic risk 
factors across these groups. More deprived areas, 
and minority ethnic groups, have a higher burden of 
comorbidities that predispose to bacteraemia [32]. 
Socioeconomic factors such as poverty, low educa-
tional attainment, overcrowding and inadequate hous-
ing are also associated with a higher risk of infection 
[30]. The NHS also employs a disproportionate number 
of staff from ethnic minorities, especially for roles with 
frequent close contact with patients [33]; we hypoth-
esise that this could potentially increase the risk of 
colonisation and infection with pathogens such as 
MRSA,  P. aeruginosa  or  Klebsiella.  Cultural factors, 
including social mixing, travel destinations and 
healthcare-seeking behaviour, also influence infection 
patterns [34]; antibiotic use, hygiene and wound care, 
and intravenous drug use, may also be influenced by 
social and cultural forces. Finally, systemic racism, 
discrimination and bias contribute to health inequali-
ties and may play a role in bacteraemia, for example 
when people from ethnic minority groups face barriers 

to healthcare access or receive inequitable healthcare 
[35].

Study limitations include an area-level deprivation 
analysis, misclassification of ethnicity, missing data, 
lack of comorbidity data, limited stratification by sex, 
and absence of antimicrobial resistance (AMR) results 
for Gram-negative bacteria. The IMD is assigned at a 
local area level and has limited specificity and sensi-
tivity for identifying individuals who are employment 
or income deprived [36]; moreover, we did not conduct 
separate analyses on each of its constituent deprivation 
domains. The percentage of ethnicity data agreement 
between health data sources and the previous Census 
(2011) was poor for the Mixed EGs (< 67%), Other Asian 
(< 60%), Other Black (< 16%) and Any other EG (< 15%) 
[37]; this has likely led to some misclassification and 
overestimated rates in these ethnic subgroups; we 
mitigated this issue by conducting our key ethnicity 
analyses at broad EG level. Also, this complete-case 
analysis with 4.4% missing ethnicity data has led to a 
slight underestimate of ethnicity-stratified incidence 
rates and possible information bias. Comorbidity data 
were not available; as this is a known risk factor for 
bacteraemia and it is likely to be unequally distributed 
among socioeconomic deprivation and ethnic groups 
[17], it is possible that these results could partially be 
mediated by disparities in chronic diseases. We stand-
ardised ethnicity- and IMD-specific incidence rates by 
age but not by sex. While sex differences in the over-
all risk of bacteraemia are well documented (such as 
higher incidence in males overall) [29], the male-to-
female ratio within each ethnic group in the English 
population is relatively even [3]. As a result, we consid-
ered that additional standardisation by sex would only 
have had a small impact on the estimates of incidence 
by ethnic group. AMR data for Gram-negative bacterae-
mia cases are not available in our surveillance platform 
and would have required additional linkage, which was 
beyond the scope of this study but may be considered 
as part of follow-up investigations. Finally, it was not 
possible to inspect the complex intersection of ethnicity 
and socioeconomic deprivation with regression models 
due to the lack of population estimates concurrently 
stratified by these two factors and age. It is probable 
that the inequalities by ethnicity are partly explained 
by deprivation, and vice versa. However, we note that 
the finding of higher incidence both in deprived areas 
and ethnic minorities does not map across all patho-
gens, as the incidence of community-onset MSSA bac-
teraemia was higher in the White EG. Moreover, other 
studies have identified worse health outcomes among 
people from minority ethnicities even after account-
ing for socioeconomic disadvantage [13,31]; this would 
indicate that other variables linked to ethnicity, but 
not socioeconomic disadvantage might have an effect, 
including the aforementioned systemic, cultural or bio-
logical factors.
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Conclusion
Findings from this study, along with other published 
data, provide robust evidence that ethnicity and socio-
economic deprivation are associated with a higher risk 
of acquiring bacteraemia caused by  S. aureus,  E. coli, 
Klebsiella  spp. and  P. aeruginosa; therefore, contin-
ual monitoring of metrics of bacteraemia stratified by 
social factors is a prerequisite for public health efforts 
in this area to be equitable. The UK Health Security 
Agency has recently started publishing more analy-
ses of health outcomes stratified by ethnic group and 
IMD. Further quantitative studies, as well as qualitative 
research, are required to explore the factors underly-
ing these inequalities to potentially identify measures 
to close the gap. Furthermore, residents of deprived 
areas and Black and Asian people should feature as 
high-risk populations in addition to the generally well-
known categories, such as care home residents and 
pregnant, older, or immunocompromised people, and 
be included when considering healthcare strategies 
and interventions.

Ethical statement
UKHSA have approval under Regulation 3 of the Health 
Service Regulations 2002 to process patient-identifiable in-
formation without consent. This approval considers the eth-
ics and purpose of collecting and analysing the data, and 
as such ethical approval was not separately sought for this 
work.

Funding statement
No specific funding was used, outside of UKHSA core govern-
ment funding.

AA is funded by the National Institute for Health Research 
(NIHR) Health Protection Research Unit (HPRU) in Healthcare-
Associated Infections and Antimicrobial Resistance, a part-
nership between the UK Health Security Agency (UKHSA) and 
the University of Oxford (NIHR200915). The views expressed 
are those of the author(s) and not necessarily those of the 
NIHR, UKHSA or the Department of Health and Social Care.

Use of artificial intelligence tools
None declared.

Data availability
The study team will consider granting access to anonymised 
data upon reasonable request.

Acknowledgements
The Office for Health Improvement and Disparities for ethnic-
ity algorithm. Rebecca Guy, UKHSA, for the development of 
the SQL query used in the ethnicity data linkage.

Conflict of interest
None declared.

Authors’ contributions
AM: methodology, formal analysis, visualisation, writing 
(original draft and editing). ZAC: writing (review and editing). 
AC: methodology, writing (review and editing). AA: method-
ology (ethnicity data linkage), writing (review and editing). 
RH: writing (review and editing). CSB: writing (review and ed-
iting). DC: conceptualisation, methodology, writing (review 
and editing), supervision.

References
1.	 Chrisler C. Bacteremia and Central Line-Associated 

Bloodstream Infections. In: Elsevier, editor. Comprehensive 
Review of Infectious Diseases; 2020. p. 243-8.

2.	 Office for National Statistics (ONS). Ethnic group. England 
and Wales: Census 2021 [statistical bulletin]. (Updated 
29/11/2022). 2022. Available from: https://www.ons.gov.uk/
peoplepopulationandcommunity/culturalidentity/ethnicity/
bulletins/ethnicgroupenglandandwales/census2021

3.	 Office for National Statistics (ONS). Ethnic group by age and 
sex, England and Wales: Census 2021. (Updated 23/01/2023). 
London: ONS; 2023. Available from: https://www.ons.
gov.uk/peoplepopulationandcommunity/culturalidentity/
ethnicity/articles/ethnicgroupbyageandsexenglandandwales/
census2021

4.	 Marmot M, Allen J, Boyce T, Goldbatt P, Morrison J. 
Health equity in England: The Marmot Review 10 years 
on London: Institute of Health Equity; 2020. Available 
from: https://www.health.org.uk/publications/reports/
the-marmot-review-10-years-on

5.	 Packer SJ, Cairns S, Robertson C, Reilly JS, Willocks LJ. 
Determining the effect of social deprivation on the prevalence 
of healthcare-associated infections in acute hospitals: a 
multivariate analysis of a linked data set. J Hosp Infect. 
2015;91(4):351-7.  https://doi.org/10.1016/j.jhin.2015.06.014  
PMID: 26446849 

6.	 Padellini T, Jersakova R, Diggle PJ, Holmes C, King RE, 
Lehmann BCL, et al. Time varying association between 
deprivation, ethnicity and SARS-CoV-2 infections in 
England: A population-based ecological study. Lancet Reg 
Health Eur. 2022;15:100322.  https://doi.org/10.1016/j.
lanepe.2022.100322  PMID: 35187517 

7.	 Nafilyan V, Islam N, Mathur R, Ayoubkhani D, Banerjee A, 
Glickman M, et al. Ethnic differences in COVID-19 mortality 
during the first two waves of the Coronavirus Pandemic: a 
nationwide cohort study of 29 million adults in England. Eur J 
Epidemiol. 2021;36(6):605-17.  https://doi.org/10.1007/s10654-
021-00765-1  PMID: 34132940 

8.	 Norredam M, Hayward S, Deal A, Agyemang C, Hargreaves 
S. Understanding and addressing long-COVID among 
migrants and ethnic minorities in Europe. Lancet Reg 
Health Eur. 2022;19:100427.  https://doi.org/10.1016/j.
lanepe.2022.100427  PMID: 35789882 

9.	 Oestergaard LB, Schmiegelow MD, Bruun NE, Skov RL, 
Petersen A, Andersen PS, et al. The associations between 
socioeconomic status and risk of Staphylococcus aureus 
bacteremia and subsequent endocarditis - a Danish nationwide 
cohort study. BMC Infect Dis. 2017;17(1):589.  https://doi.
org/10.1186/s12879-017-2691-3  PMID: 28841914 

10.	 Koch K, Søgaard M, Nørgaard M, Thomsen RW, Schønheyder 
HC, Danish Collaborative Bacteremia Network. Socioeconomic 
inequalities in risk of hospitalization for community-acquired 
bacteremia: a Danish population-based case-control study. Am 
J Epidemiol. 2014;179(9):1096-106.  https://doi.org/10.1093/
aje/kwu032  PMID: 24682527 

11.	 Hill PC, Birch M, Chambers S, Drinkovic D, Ellis-Pegler 
RB, Everts R, et al. Prospective study of 424 cases of 
Staphylococcus aureus bacteraemia: determination of factors 
affecting incidence and mortality. Intern Med J. 2001;31(2):97-
103.  https://doi.org/10.1111/j.1444-0903.2001.00029.x  PMID: 
11480485 

12.	 Tong SYC, van Hal SJ, Einsiedel L, Currie BJ, Turnidge 
JD, Australian New Zealand Cooperative on Outcomes in 
Staphylococcal Sepsis. Impact of ethnicity and socio-economic 
status on Staphylococcus aureus bacteremia incidence and 
mortality: a heavy burden in Indigenous Australians. BMC 
Infect Dis. 2012;12(1):249.  https://doi.org/10.1186/1471-2334-
12-249  PMID: 23043704 

13.	 Snijder MB, Galenkamp H, Prins M, Derks EM, Peters RJG, 
Zwinderman AH, et al. Cohort profile: the Healthy Life in an 
Urban Setting (HELIUS) study in Amsterdam, The Netherlands. 
BMJ Open. 2017;7(12):e017873.  https://doi.org/10.1136/
bmjopen-2017-017873  PMID: 29247091 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2025.30.9.2400312&domain=pdf&date_stamp=2025-03-06


13www.eurosurveillance.org

14.	 Flanagin A, Frey T, Christiansen SL, AMA Manual of Style 
Committee. Updated Guidance on the Reporting of Race 
and Ethnicity in Medical and Science Journals. JAMA. 
2021;326(7):621-7.  https://doi.org/10.1001/jama.2021.13304  
PMID: 34402850 

15.	 Lu C, Ahmed R, Lamri A, Anand SS. Use of race, ethnicity, 
and ancestry data in health research. PLOS Glob Public 
Health. 2022;2(9):e0001060.  https://doi.org/10.1371/journal.
pgph.0001060  PMID: 36962630 

16.	 Bleich E. Race Policy in France 2001. Washington, D.C.: 
Brooklings; 2001. [Accessed 2023]. Available from: https://
www.brookings.edu/articles/race-policy-in-france/

17.	 Raleigh V. The health of people from ethnic minority 
groups in England: The King’s Fund. (Updated 
17/05/2023); 2023. Available from: https://www.
kingsfund.org.uk/insight-and-analysis/long-reads/
health-people-ethnic-minority-groups-england

18.	 UK Health Security Agency (UKHSA). Mandatory 
enhanced MRSA, MSSA and Gram-negative 
bacteraemia, and Clostridioides difficile infection 
surveillance. Protocol version 4.42021. London: 
UKHSA; 2021. Available from: https://hcaidcs.phe.org.
uk/ContentManagement/LinksAndAnnouncements/
HCAIDCS_Mandatory_Surveillance_Protocol_v4.4.pdf

19.	 National Health Service (NHS) England. Core20PLUS5 
(adults) – an approach to reducing healthcare inequalities. 
Leeds: NHS. [Accessed 21 Feb 2025]. Available from: 
https://www.england.nhs.uk/about/equality/equality-hub/
national-healthcare-inequalities-improvement-programme/
core20plus5/

20.	 UK Ministry of Housing. Communities & Local Government 
(MHCLG), The English Indices of Deprivation 2019 (IoD2019), 
London: MHCLG; 26 Sep 2019. Available from: https://assets.
publishing.service.gov.uk/media/5d8e26f6ed915d5570c6cc55/
IoD2019_Statistical_Release.pdf

21.	 Herbert A, Wijlaars L, Zylbersztejn A, Cromwell D, Hardelid P. 
Data Resource Profile: Hospital Episode Statistics Admitted 
Patient Care (HES APC). Int J Epidemiol. 2017;46(4):1093-1093i.  
https://doi.org/10.1093/ije/dyx015  PMID: 28338941 

22.	 Office for Health Improvement & Disparities. Method for 
assigning ethnic group in the COVID-19 Health Inequalities 
Monitoring for England (CHIME) tool 2023. (Updated 
24/05/2023). Available from: https://www.gov.uk/government/
statistics/covid-19-health-inequalities-monitoring-in-england-
tool-chime/method-for-assigning-ethnic-group-in-the-covid-19-
health-inequalities-monitoring-for-england-chime-tool

23.	 R Core Team. R: A Language and Environment for Statistical 
Computing. Vienna, Austria: R Foundation for Statistical 
Computing; 2023.

24.	Eurostat. Revision of the European Standard Population: 
Report of Eurostat’s task force. Luxembourg: Eurostat; 2013.

25.	 Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher 
D, Petersen I, et al. , RECORD Working Committee. The 
REporting of studies Conducted using Observational 
Routinely-collected health Data (RECORD) statement. PLoS 
Med. 2015;12(10):e1001885.  https://doi.org/10.1371/journal.
pmed.1001885  PMID: 26440803 

26.	 Gilbert R, Lafferty R, Hagger-Johnson G, Harron K, Zhang LC, 
Smith P, et al. GUILD: GUidance for Information about Linking 
Data sets. J Public Health (Oxf). 2018;40(1):191-8.  https://doi.
org/10.1093/pubmed/fdx037  PMID: 28369581 

27.	 Bagger JP, Zindrou D, Taylor KM. Postoperative infection with 
meticillin-resistant Staphylococcus aureus and socioeconomic 
background. Lancet. 2004;363(9410):706-8.  https://doi.
org/10.1016/S0140-6736(04)15647-X  PMID: 15001331 

28.	Tosas Auguet O, Betley JR, Stabler RA, Patel A, Ioannou A, 
Marbach H, et al. Evidence for Community Transmission 
of Community-Associated but Not Health-Care-Associated 
Methicillin-Resistant Staphylococcus Aureus Strains Linked to 
Social and Material Deprivation: Spatial Analysis of Cross-
sectional Data. PLoS Med. 2016;13(1):e1001944.  https://doi.
org/10.1371/journal.pmed.1001944  PMID: 26812054 

29.	 UK Health Security Agency (UKHSA). Annual epidemiologi-
cal commentary: Gram-negative, MRSA, MSSA bacteraemia 
and C. difficile infections, up to and including financial year 
2022 to 2023. (Updated 16/02/2024). London: UKHSA: 
2023. Available from: https://www.gov.uk/government/
statistics/mrsa-mssa-and-e-coli-bacteraemia-and-c-
difficile-infection-annual-epidemiological-commentary/
annual-epidemiological-commentary-gram-negative-mrsa-
mssa-bacteraemia-and-c-difficile-infections-up-to-and-includ-
ing-financial-year-2022-to-2023

30.	 Ye X, Wang Y, Zou Y, Tu J, Tang W, Yu R, et al. Associations of 
socioeconomic status with infectious diseases mediated by 
lifestyle, environmental pollution and chronic comorbidities: 
a comprehensive evaluation based on UK Biobank. Infect Dis 

Poverty. 2023;12(1):5.  https://doi.org/10.1186/s40249-023-
01056-5  PMID: 36717939 

31.	 Evandrou M, Falkingham J, Feng Z, Vlachantoni A. Ethnic ine-
qualities in limiting health and self-reported health in later life 
revisited. J Epidemiol Community Health. 2016;70(7):653-62.  
https://doi.org/10.1136/jech-2015-206074  PMID: 26787199 

32.	 Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. 
Epidemiology of multimorbidity and implications for health 
care, research, and medical education: a cross-sectional study. 
Lancet. 2012;380(9836):37-43.  https://doi.org/10.1016/S0140-
6736(12)60240-2  PMID: 22579043 

33.	 NHS Digital. NHS workforce. (Updated 13/04/2023); 2023. 
Available from: https://www.ethnicity-facts-figures.ser-
vice.gov.uk/workforce-and-business/workforce-diversity/
nhs-workforce/latest/

34.	Buckee C, Noor A, Sattenspiel L. Thinking clearly about 
social aspects of infectious disease transmission. Nature. 
2021;595(7866):205-13.  https://doi.org/10.1038/s41586-021-
03694-x  PMID: 34194045 

35.	 Ajayi Sotubo O. A perspective on health inequalities in BAME 
communities and how to improve access to primary care. 
Future Healthc J. 2021;8(1):36-9.  https://doi.org/10.7861/
fhj.2020-0217  PMID: 33791458 

36.	 McCartney G, Hoggett R, Walsh D, Lee D. How well do area-
based deprivation indices identify income- and employment-
deprived individuals across Great Britain today? Public Health. 
2023;217:22-5.  https://doi.org/10.1016/j.puhe.2023.01.020  
PMID: 36841035 

37.	 Office for National Statistics (ONS). Understanding con-
sistency of ethnicity data recorded in health-related ad-
ministrative datasets in England: 2011 to 2021. (Updated 
16/01/2023); 2023. Available from: https://www.ons.gov.
uk/peoplepopulationandcommunity/healthandsocialcare/
healthinequalities/articles/understandingconsistencyofethnici-
tydatarecordedinhealthrelatedadministrativedatasetsineng-
land2011to2021/2023-01-16

License, supplementary material and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate 
if changes were made. 

Any supplementary material referenced in the article can be 
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2025.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2025.30.9.2400312&domain=pdf&date_stamp=2025-03-06

