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ABSTRACT

Background Ethnicity can in�uence susceptibility to infection, as COVID-19 has shown. Few countries have systematically investigated ethnic

variations in infection.

Methods We linked the Scotland 2001 Census, including ethnic group, to national databases of hospitalizations/deaths and serological

diagnoses of bloodborne viruses for 2001–2013. We calculated age-adjusted rate ratios (RRs) in 12 ethnic groups for all infections combined,

15 infection categories, and human immunode�ciency virus (HIV), hepatitis B (HBV) and hepatitis C (HCV) viruses.

Results We analysed over 1.65 million infection-related hospitalisations/deaths. Compared with White Scottish, RRs for all infections combined

were 0.8 or lower for Other White British, Other White and Chinese males and females, and 1.2–1.4 for Pakistani and African males and

females. Adjustment for socioeconomic status or birthplace had little effect. RRs for speci�c infection categories followed similar patterns with

striking exceptions. For HIV, RRs were 136 in African females and 14 in males; for HBV, 125 in Chinese females and 59 in males, 55 in African

females and 24 in males; and for HCV, 2.3–3.1 in Pakistanis and Africans.

Conclusions Ethnic differences were found in overall rates and many infection categories, suggesting multiple causative pathways. We

recommend census linkage as a powerful method for studying the disproportionate impact of COVID-19.

Keywords epidemiology, ethnicity, infectious disease

Introduction

Ethnicity has been defined as ‘the social group a person

belongs to and either identifies with or is defined by others

as a result of a mix of cultural and other factors including

language, diet, religion, ancestry and physical features’.1

Important di�erences between ethnic groups have been

found in many countries for all-cause mortality 2,3 and

numerous diseases.4,5 Given the multi-dimensional nature

of ethnicity and the numerous types and causes of infections,

their inter-relationships are likely to be extremely complex.

The importation of infections by migrants from high

prevalence regions is well-recognized.6,7 Socioeconomic

circumstances, diet, smoking, sexual behaviour and attitudes

to immunization are some of many other factors related

to infection risk that could vary by ethnic group.8 The
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causal complexity has recently been highlighted by the

disproportionate health impact of COVID-19 on ethnic

minorities in England and the USA.9,10 However, only the

USA 11,12 and New Zealand 13,14 have taken a systematic

approach to exploring the relationships between infection

and race/ethnicity more generally.

The Scottish Health and Ethnicity Linkage Study (SHELS)

created a national census-linked retrospective cohort of

4.62 million people, permitting comparisons between ethnic

groups for many health conditions and indicators.15 The

findings have informed Scottish race equality policy.16 SHELS

found a >2-fold di�erence in hospitalization rates for lower

respiratory tract infections between the lowest (Chinese) and

highest (Pakistani) among both males and females.17 In the

present study, we aimed to explore the relationships between

infection and ethnic group in Scotland as comprehensively

as our dataset would permit. We compared ethnic groups

for(i) combined hospitalization and death rates for all

infections and a wide range of infection categories and

(ii) rates of serologically confirmed diagnoses of human

immunodeficiency virus (HIV), hepatitis B Virus (HBV) and

hepatitis C Virus (HCV).

Methods

Study population

An overview of the SHELS cohort has been published15

and more details of the methods are provided in the sup-

plementary material. About 4.62 million individuals in the

Scotland Census 2001 were linked by probability matching

to the Community Health Index (CHI), a register of patients

using theNational Health Service in Scotland (NHS Scotland)

which generates a unique CHI number for each individual.

As the CHI number is included in many NHS databases,

we could then link the Census to NHS Scotland hospital

discharge and mortality records, and to databases for people

with serologically confirmed infection with HIV, HBV or

HCV.

Ethnic groups

As agreed by the Scottish Parliament, respondents to the

2001 Census could self-select their ethnic group from 14 pre-

defined categories, largely reflecting the pattern of immigra-

tion to Scotland over the previous 50 years.18 This legally

required field had a 95.7% completion rate, increased to

100% by imputation.19 For the cohort’s breakdown by ethnic

group, see Supplementary Table S1. For the hospitalization

and death analyses, we combined the Bangladeshi and other

South Asian groups and removed the ‘Other ethnic groups’

category due to its extreme heterogeneity. The remaining 12

were: White Scottish, Other White British, White Irish, Other

White (mainly from Europe, North America and Australasia),

any mixed background (parents from more than one ethnic

group), Chinese, Indian, Pakistani, Other South Asian (from

any other South Asian country), Caribbean, African and Black

Scottish/Other Black. For the HIV, HBV and HCV analyses,

small numbers restricted analysis to between five and seven

ethnic groups.

International Classi�cation of Disease 10th

Revision codes

We prepared a comprehensive list of International Classifica-

tion of Disease 10th Revision (ICD-10) codes for infection

diagnoses, largely using that developed by the US Centers

for Disease Control and Prevention 20 and refined by Baker

and colleagues (Supplementary material S2).13 As Baker et al .

used the ICD-10-AM (AustralianModification), we translated

relevant AM codes into those used in the UK.

Outcome measures

We extracted all hospitalization and death records dated from

1 May 2001 to 30 April 2013 for all persons in the linked

database where the record included a relevant ICD-10 code in

any diagnostic position. Deaths were combined with hospital-

izations as the number of deaths was too small to enable sepa-

rate analyses. All infections of su�cient severity to contribute

to a hospital admission or death were thus included. All valid

cases were combined for the ‘All Infections’ analyses. Follow-

ing the method of Baker et al .,13 we initially grouped cases

into 39 categories of infection (Supplementary Table S8).

Based on our pre-specified data analysis plan (Supplementary

materials 2 and 3), we restricted our analysis to the 15 cate-

gories averaging at least 1000 cases of hospitalization/death

annually, judging this number su�cient to compare most

ethnic groups. For the HIV, HBV and HCV analyses, we used

all linked reports of a first diagnosis from 1 May 2001 to 30

April 2013.

Data analysis

We used person-years as the denominator, censored for death

or transfer of registration from NHS Scotland to elsewhere

in the UK, and categorized by sex and ethnic group. We

used Poisson regression with robust variance to calculate

age-adjusted rates of hospitalization or death per 100 000

person-years. We calculated age-adjusted rate ratios (RRs)

with 95% confidence intervals (CI) using the White Scottish

male or female population as the reference group (RR = 1.0).

For ‘All Infections’, the analysis was further adjusted using

D
ow

nloaded from
 https://academ

ic.oup.com
/jpubhealth/advance-article/doi/10.1093/pubm

ed/fdaa267/6106111 by  gruer.health@
gm

ail.com
 on 22 January 2021

https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data


COMPLEX DIFFERENCES IN INFECTION RATES BETWEEN ETHNIC GROUPS IN SCOTLAND 3

a proxy measure of socioeconomic status (SES), combining

three indicators which were consistently associated in the

same direction with the outcomes across ethnic groups and

by sex: the Scottish Index for Multiple Deprivation (SIMD;

an area-based measure), household tenure and a combined

measure of highest educational level.21,22 Country of birth

was categorized as either being born in theUKor theRepublic

of Ireland (UK/I) or born elsewhere.

Data were analysed using SAS V9.4 (SAS Institute Inc.,

Cary, North Carolina, USA).

In our Tables, we colour-coded RRs as blue within±0.1 of

1.0, green< 0.9 and red> 1.1. The darker the shade of green

or red, the greater is the combination of the di�erence from

the reference value and the precision based on the 95% CI, as

shown in the Table keys.

Permissions, data security and reporting procedure

The NHS Scotland Research Ethics Committee A and the

Privacy Advisory Committee of NHSNational Services Scot-

land granted full ethical and other approvals for the linkage,

data security and analyses. Only researchers with appropriate

clearance and training could access the data. All analyses

and outputs were approved by the Disclosure Committee

of National Records of Scotland. Following their disclosure

guidance, the numbers of cases were presented rounded to

the nearest five to safeguard anonymity, but analysis and

RR estimates were based on real numbers. In reporting, we

complied with the STROBE/RECORD checklists.23

Results

All infections

A total of 1 652 865 linked cases recorded during 48.8

million person-years of observation met our criteria and were

included in the analysis of all infections (Supplementary Table

S3). Table 1 shows the rates for all infection-related episodes

during 2001–13 by ethnic group, and RRs for each group in

comparison with the White Scottish, adjusted in turn for age;

age and whether born in the UK/I; and age and SES. RRs

were 0.8 or lower for Other White British, Other Whites and

Chinese males and females and were reasonably precisely

estimated, for example, Chinese females, 0.64 (95% CI

0.59–0.70). They were 1.30 (1.23–1.38) for Pakistani males

and 1.20 (1.13–1.26) among Pakistani females and 1.24

(1.02–1.51) in African females. The RRs for African and Black

Scottish males were around 1.2, but imprecisely estimated.

The RRs for the remaining ethnic groups were all close to 1.0.

Adjustment for whether born in the UK/I or SES resulted

in a small increase in the RR (<0.2) for some groups, but

minimal change for most. (Supplementary Tables S3–S5 for

all RRs and 95%CIs).

Infection categories

Tables 2 and 3 summarize the RRs among males and females

for the 15 selected infection categories. The ethnic group

patterns were similarly distinctive for males and females. The

White Scottish and White Irish groups had very similar rates.

For Other White British, Other Whites and Chinese groups,

RRs were typically below 0.8 in most categories. In contrast,

among Pakistani males and females, RRs were above 1.1 (with

95% CIs above 1.0) for 13 and 11 categories, respectively

and above 1.2 (with 95% CIs above 1.1) for five. For the

other ethnic groups, there was a more inconsistent picture.

(Supplementary Tables S10–S24 for all RRs and 95% CIs).

RRs were much higher for certain infection categories

in one or more ethnic groups. Chinese males had an RR

of 3.7 for cancers from infection. Infections of the heart

and circulation appeared more frequent among Chinese

(RR = 2.3), Other South Asian (2.3) and Caribbean females

(2.8) and males (4.08). The incidence of reproductive tract

infections among Caribbean males (3.1), fungal infections

among African females (3.1), and other viral infections among

Caribbean females (1.9) was also high.

HIV, HBV and HCV

Table 4 shows the analyses for HIV, HBV and HCV serodi-

agnoses. There were huge di�erences between ethnic groups,

with di�erent patterns for each virus. For HIV, RRs were 14

for African males and 136 for African females, with absolute

rates per 100 000 person-years of 61 and 113, respectively.

For HBV, all groups except the Other White British had

markedly higher RRs, most notably the Chinese (males 59,

females 125), Africans (males 24 and females 55) and Pak-

istanis (males 11, females 18). For HCV, White Irish males

and females hadmarkedly lower RRs, whereas Pakistani males

and females and African and Mixed females had higher RRs,

although the 95%CI included 1.0. Adjustment for being born

in the UK/I reduced the RRs substantially for HIV among

African males and females and for HBV among all the groups

except the Other White British but had little e�ect for HCV.

(Supplementary Tables S6–S8 for all RRs and 95%CIs and

Supplementary Table S9 for a confirmatory analysis of HBV

rates for persons born in the UK/I). Adjustment for SES had

little e�ect on the RR for any group except for HCV among

White Irishmales and females, for whom it increased by about

0.2.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpubhealth/advance-article/doi/10.1093/pubm

ed/fdaa267/6106111 by  gruer.health@
gm

ail.com
 on 22 January 2021

https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data
https://academic.oup.com/jpubhealth/article-lookup/doi/10.1093/jpubhealth/fdaa267#supplementary-data


4 JOURNAL OF PUBLIC HEALTH

Table 1 Age-adjusted rates and adjusted rate ratios for all infection-related hospitalizations and deaths among males and females in the 2001 Scotland

Census-linked cohort, April 2001–March 2013. White Scottish = 1·0
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Table 2 Age-adjusted rate ratios for males in 12 ethnic groups for 15 infection categories in the Scotland 2001 Census-linked cohort, all cases of

hospitalization or death, April 2001 to March 2013. White Scottish = 1·0

Discussion

Main �ndings of this study

Compared with the White Scottish group, overall hospital-

ization/death rates with a diagnosis of infection were lower

by at least 10% for both males and females in the Other

White British, Other White and Chinese groups, and higher

by at least 10% in the Pakistani group. Our analysis also

revealed widely varying rates in specific categories of infec-

tion between ethnic groups, in some categories by >10-fold.

Compared to the White Scottish, rates of serologically con-

firmed HIV infection were>100 times higher among African

females and>10 times higher in African males; rates of HBV

infection were >50 times higher among Chinese males and

females and also much higher among Africans and Pakistanis.

Di�erences in HCV were less marked, in part due to relatively

high rates among the White Scottish.24

What is already known on this topic

In a US nationwide sample of over 40 million hospitalizations

with a first diagnosis of infection during 1996–2006, overall

age-adjusted rates were 31% and 44% higher in Hispanics

and Blacks, respectively than in the non-Hispanic White

majority, but 35% lower among people of Asian/Pacific

Island ethnicity.11 However, in 26% of cases, ethnicity was

not recorded. In a study from Arizona with near complete

ethnicity data, a more nuanced picture emerged, with both

North American Indians and Blacks having 22% higher rates

of hospitalization for all infections combined than Whites,

but lower rates in several categories such as abdominal and

post-operative infections.25 Another US study found Blacks

and Hispanics had higher seroprevalence rates than Whites

for most of six infectious diseases including hepatitis A virus,

HBV andH pylori.12 In Alaska, the hospitalization rate due to

infection was 3.7 times higher for American Indian/Alaskan

Natives than Whites.26 In New Zealand, rates of hospital-

ization with a primary diagnosis of any infection during

1989–2008 were around twice as high among both Māori

and Pacific Islanders compared with White Europeans.13 A

smaller cohort study of infants in New Zealand reported

similar findings.27 Indigenous Australians were found to

have a rate of septicaemia 14 times that of non-Indigenous

Australians, strongly associated with severe socioeconomic

disadvantage.28

D
ow

nloaded from
 https://academ

ic.oup.com
/jpubhealth/advance-article/doi/10.1093/pubm

ed/fdaa267/6106111 by  gruer.health@
gm

ail.com
 on 22 January 2021



6 JOURNAL OF PUBLIC HEALTH

Table 3 Age-adjusted rate ratios for females in 12 ethnic groups and 15 infection categories for cases of hospitalization or death in the Scotland 2001

Census-linked cohort, April 2001 to March 2013. White Scottish = 1·0

In Europe, there has been recognition of much higher

prevalences of TB, HBV, HCV and HIV among migrants
7,8 but seldom have data been available accurately to com-

pare rates between representative samples of di�erent ethnic

groups.29,30 In Amsterdam, several ethnic minority groups

had 3–13 times higher rates of HBV markers than the native

Dutch, but lower rates for HCV.31 In Scotland, compared

with the White Scottish, the estimated prevalence of chronic

HBV infection was >100 times higher among East Asians

(China and four other countries combined) and >10 times

higher among South Asians (India, Pakistan and seven other

countries).32 A detailed analysis of COVID-19 deaths in

England and Wales during 2 March to 28 July 2020 found

much higher age-adjusted death rates in Black and South

Asian groups, mainly explained by socioeconomic factors.33

Similarly higher age-adjusted COVID-19 death rates among

non-White groups have been found in the USA.12

What this study adds

To our knowledge, this is the first study of the relationships

between ethnicity and infection using a census-linked

cohort with complete ethnicity reporting, linked to high

quality national databases of clinical and serological records.

It compares ethnic groups for a wider range of infections

than in any previous study, revealing substantial di�erences in

many categories but most strikingly for HIV and HBV.

Although a descriptive study of ethnic di�erences in

health cannot prove causation, it can generate hypotheses

and inform policy and practice. Davey Smith and colleagues

considered a range of possible causes of apparent health

di�erences between ethnic groups: artefactual; migration;

culture, beliefs and behaviours; biology; socioeconomic

factors; racism; health service use and access.10 The diagnostic

coding in our study was based on clinical or laboratory

evidence and unlikely to be influenced by the patient’s ethnic

group. The observed di�erences are thus likely to be real

within the bounds of statistical confidence. Originating from

a country of higher prevalence is an obvious explanation for

the high rates of HIV we found among Africans, and of

HBV among Chinese, Africans and Pakistanis, supported

by the much lower RRs when adjusted for being born

in the UK/I. It is also a plausible explanation for higher

rates of fungal infections among African females, heart and

circulatory infections among Chinese, Other South Asian

and Caribbean females and reproductive system infections
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Table 4 Age-adjusted rates and adjusted rate ratios for newly diagnosed cases of HIV, HBV and HCV infection among males and females in the 2001

Scotland census-linked cohort, April 2001–March 2013. White Scottish = 1.0

in Caribbean males.34 Many of the cases of ‘cancer from

infection’ among Chinese males were due to nasopharyngeal

carcinoma, associated with the Epstein–Barr Virus (EBV)

and unusually common in parts of China.35,36 Cultural

and behavioural di�erences could contribute to the lower

rates among the Chinese compared with the Pakistanis in
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some of the infection categories examined. For example,

most of the cases of typhoid reported in the UK occur in

people who have recently visited relatives in Pakistan, India

or Bangladesh.37 Possibly lower rates of pneumococcal or

influenza immunization among Pakistanis could increase

the risk of lower respiratory tract infections.17 Certain

genetically inherited conditions such as sickle cell disease

and thalassaemia increase the risk of a range of serious

infections and aremuchmore prevalent in some ethnic groups

than others.38,39 However, to determine whether any of the

di�erences we have observed has a genetic basis would require

extensive further research.

Unfavourable socioeconomic circumstances can perpetu-

ate living conditions for Indigenous and other ethnic minori-

ties in which a range of infections can prosper.12,14,24,25

When they result from discriminatory policies, laws and

practices, they meet the definition of structural or systemic

racism1, recently identified as a likely contributor to ethnic dif-

ferences in the COVID-19 pandemic in England andWales.40

However, in our study, ethnic minorities often had lower rates

of infections than theWhite Scottishmajority, and adjustment

for SES made little di�erence to overall hospitalization/death

rates. This perhaps reflects the relatively favourable SES of

many people in ethnic minorities in Scotland (Supplementary

Table S1a) and a relatively inclusive policy environment.41,42

The lack of evidence in our hospitalization/death data to

suggest di�erential health service access or use by ethnic

groups is supported by a broader study of hospitalization

for all causes.43 Language di�culties or cultural di�erences

may inhibit attendance at screening services, as an earlier

SHELS analysis of breast screening has suggested.44 As

e�ective treatment or immunization exists, there is a strong

case for promoting screening services among ethnic groups

with a high prevalence of TB, HIV and HBV.7,8 Given

the stigma and fear that still surround these conditions,

involving community representatives in their design and

implementation is desirable. A finding from the SHELS data

that African men were twice as likely as White Scottish men

to present with late HIV infection has prompted the Scottish

Government to call for e�orts to encourage more African

men to seek HIV testing.16

Limitations of this study

To ensure large enough numbers for analysis, some of the eth-

nic groups we used are very heterogeneous, e.g. Other White,

African or Other South Asian. Nevertheless, we had su�cient

numbers to study only 15 of the 39 pre-determined categories

of infection. If disaggregation into more narrowly defined

ethnic groups and infection categories had been possible,

other important di�erences might have been revealed. As we

selected cases with an infection recorded in any diagnostic

position on the clinical or death record, the contribution of

the infection to the hospitalization or death will vary, but this

is unlikely to be biased by ethnic group. Due to small numbers,

our adjustments of the hospitalization/death data for SES

and country of birth were limited to all infections aggregated.

Conclusions

This census linkage study reveals complex and sometimes

unexpected di�erences between ethnic groups in the inci-

dence or prevalence of a wide range of infections. The many

possible causal explanations suggest a wide range of di�erent

interventions may be appropriate. As recently recommended

by a Scottish expert group, census linkage o�ers an e�ective

method for studying the disproportionate impact of COVID-

19 on ethnic minorities.45

Supplementary data

Supplementary data are available at the Journal of Public Health

online.
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