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Abstract

Background: Direct observation of the household spread of influenza and respiratory infections is limited; much of
our understanding comes from mathematical models. The study aims to determine household incidence of
influenza-like illness (ILI), lower (LRTI) and upper (URTI) respiratory infections within a primary care routine data and
identify factors associated with the diseases’ incidence.

Methods: We conducted two five-year retrospective analyses of influenza-like illness (ILI), lower (LRTI) and upper
(URTI) respiratory infections using the England Royal College of General Practitioners (RCGP) Research and
Surveillance Centre (RSC) primary care sentinel network database; a cross-sectional study reporting incident rate
ratio (IRR) from a negative binomial model and a retrospective cohort study, using a shared gamma frailty survival
model, reporting hazard ratios (HR). We reported the following household characteristics: children < 5 years old,
each extra household member, gender, ethnicity (reference white), chronic disease, pregnancy, and rurality.

Results: The IRR where there was a child < 5 years were 1·62 (1·38–1·89, p < 0·0001), 2·40 (2.04–2.83, p < 0·0001) and
4·46 (3.79–5.255, p < 0·0001) for ILI, LRTI and URTI respectively. IRR also increased with household size, rurality and
presentations and by female gender, compared to male. Household incidence of URTI and LRTI changed little
between years whereas influenza did and were greater in years with lower vaccine effectiveness.
The HR where there was a child < 5 years were 2·34 (95%CI 1·88–2·90, p < 0·0001), 2·97 (95%CI 2·76–3·2, p < 0·0001)
and 10·32 (95%CI 10.04–10.62, p < 0·0001) for ILI, LRTI and URTI respectively. HR were increased with female gender,
rurality, and increasing household size.

Conclusions: Patterns of household incidence can be measured from routine data and may provide insights for
the modelling of disease transmission and public health policy.
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Background
Household transmission of influenza is known to be im-
portant, but its effects may be variable. Mathematical
modelling, a key element of infectious disease epidemi-
ology, makes allowance for household spread [1, 2]. and
field epidemiological studies describing the household
spread of influenza during 2009 pandemic [3, 4]. Sero-
logical studies indicate that a substantial proportion of
household incidence may be asymptomatic, [3] younger
age, particularly pre-school children [5] and female gen-
der appears to be associated with increased household
incidence; other possible correlates are household size
and the presence of comorbidities [6, 7].
Some groups are known to be more susceptible to influ-

enza and respiratory infection and therefore may be more
susceptible to household transmission. These include sev-
eral chronic conditions such as asthma and other chronic
respiratory conditions, vascular conditions, immunosup-
pression [5, 8], obesity [9], and pregnancy [10].
Respiratory infections are known to be contagious and

spread by droplets and contaminated fomites and there-
fore close proximity, such as in households, is important
though evidence about the precise mechanism of trans-
mission remain sparse [11]. Most published research fo-
cuses on specific organisms rather than on clinical
conditions such as upper (URTI) and lower respiratory
infections (LRTI).
We carried out this study to determine household in-

cidence of medically attended ILI (influenza-like illness),
LRTI and URTI within a routine data collected from
England primary care sentinel network, and identify fac-
tors associated with the spread of the illnesses.

Methods
Overview
We used data from the Royal College of General Practi-
tioners (RCGP) Research and Surveillance Centre (RSC)
network, one of England’s oldest surveillance systems
[12]. We carried out a 5-year retrospective analyses,
firstly a repeated cross-sectional analysis comparing sea-
sons starting 1st September 2013–14, through to 2017–
18. We carried out this analysis using a negative bino-
mial model and reporting incident rate ratio (IRR), com-
paring categorial variables with a defined reference
(Table 3). We then carried out a retrospective cohort
analyses using a frailty analysis model, reporting hazard
ratios (HRs) of the influence of covariates on household
incidence.

RCGP RSC sentinel network
RCGP RSC extracts pseudonymised data from compu-
terised medical record (CMR) systems of general prac-
tices. As the United Kingdom (UK) has a registration-
based system (patients can only register with one general

practitioner) this facilitates identifying incident cases. In
2013, a new database was established, and patients with
the same precise address were assigned a household key.
This has enabled the linkage of household members reg-
istered with the same address, and we have used this to
explore the association of parental age to children with
autism, [13] to look at medically attended rates of house-
hold incidence of acute gastroenteritis [14] and to report
the impact of household size on coronavirus infections
[15].

Case definition
We classified a case of household incidence when two
members of the same household presented on the same
day ILI, LTRI or URTI or within 10 days.
We used clinical definitions of ILI, LRTI and URTI

that have been used long term within the sentinel sys-
tem. We define a case of ILI as an acute respiratory ill-
ness with a temperature measured/reported/plausibly
≥38 °C and cough, with onset within the past 10 days
[16]. LRTI and URTI are coded as clusters of acute re-
spiratory infections (ARI) in the RCGP. An episode of
acute respiratory illness is defined as an acute pulmon-
ary illness (including pneumonia, bronchitis and
influenza-like illness) or an acute exacerbation of a
chronic respiratory illness (including exacerbation of
COPD, asthma or bronchiectasis).
The RCGP RSC is the national primary care surveil-

lance systems, a long established collaboration with Pub-
lic Health England (PHE), and practices are experienced
at coding these conditions [17, 18]. Since 2017–2018
season, our practices receive feedback on data quality via
a dashboard [19].

Statistical methods
Cross sectional model
Potential association between the presence of an under
5-year old in a household and transmission of influenza
and respiratory illness was studied by season (2013–14
to 2017–18). Evidence for over-dispersion in transmis-
sion counts (using the Cameron-Trivedi test, [20] imple-
mented in the R library AER, version 1.2–7 was strong
(p < 0.001), therefore we employed a negative binomial
model. We controlled for potential confounding due to
gender, socio-economic status (measured by Index of
Multiple Deprivation (IMD) quintile), ethnicity (refer-
ence white), presence of high risk individual in the
household (see variables in Table 3), urban-rural status
of the household and NHS Region and season. We maxi-
mised identification of ethnicity by using an ontology.
Clinical codes were either directly mapped to ethnicity
group or utilised as proxy markers (such as language
spoken, and country of birth) from which ethnicity could
be inferred, much routine recording of ethnicity using
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less-specific categories making it not possible to report
below the level of white, black, Asian, mixed or other
ethnicity [21]. We fitted a negative binomial model using
the R library, MASS, version 7.3–45.

Five year repeated cross-sectional study
We described the demographic features of the popula-
tion including household size, the presence of a child
under 5 years old in the household, comorbidities that
may increase risk of spread of influenza or other respira-
tory infection. In addition, we utilised a typology of geo-
graphical areas in England consisting of urban, rural or
town/conurbation and describe the population distribu-
tion into such areas. Based upon factors including dens-
ity of population, this classification relies upon a
methodology employed by a UK government agency (the
Dept. for Environment, Food and Rural Affairs), pub-
lished by the ONS (Office for National Statistics); see,
for example, https://assets.publishing.service.gov.uk/gov-
ernment/uploads/system/uploads/attachment_data/
file/239477/RUC11methodologypaperaug_28_Aug.pdf,
[22] and differences related to urban, rural or regional
location. We stratified by age, gender, deprivation (deter-
mined by converting post code at individual level to
IMD quintile (the national measure of small area socio-
economic status) [23]. We divided IMD into quintiles
where 1 is the most and 5 is the least deprived. Ethnicity
recording was maximised using an ontological approach
outlined above [21, 24]. We have also developed ontol-
ogies to maximise the detection of chronic kidney dis-
ease (CKD) [24] and pregnancy [25].
We compared the age-sex profile (ASP) for each sea-

son with the Office of National Statistics (ONS) popula-
tion estimate for England 2016 (https://www.ons.gov.
uk/, Supplementary data files), the ASP for household
incidence, and any trend in directly standardise rate. We
provide the same information for each comorbidity in-
cluded in our model, and for household incidence of
that condition. We separated household size with those
with 2, 3, 4 or five or more occupants. We excluded sin-
gle occupancy households and those with 12 or more
people as they were likely to be nursing homes or old
peoples’ homes.
We identified for each household covariates associated

with an increased risk from influenza or lower respira-
tory tract infection using the categories defined by the
UK Chief Medical Officer [26]. These are people with
asthma and chronic respiratory disease, immunosup-
pression, chronic cardiovascular, liver or kidney disease,
diabetes, asplenia, morbidly obese, and pregnant women.
We used the World Health Organisations (WHO) classi-
fication of obesity [27].
Finally, we looked at rural-urban-conurbation differ-

ences and for regional differences between the north and

south of England. To do this we categorised individuals
using ONS tables, based on their post code, into those
who live in rural, urban (strictly “town and city” in the
ONS classification), or in conurbations. These are based
on increasing population density.

Retrospective cohort study
We studied the survival time, analysing the gap time be-
tween incidence of ILI, LRTI and URTI separately, using
a shared gamma frailty model [28, 29]. We looked for in-
cidence in households in England from 1st September
2013 until 30th April 2018. We employed a shared
gamma frailty survival model with time-varying covari-
ates to model gap times between transmission times of
influenza or acute respiratory illness at the person level
[28]. We used this model because over the 5 years of the
longitudinal study, household transmission is a possibly
recurrent event and the study population is clustered by
household. The frailty term is a random effect in the
model to account for the household unobserved hetero-
geneity. Presence of an under 5-years in the household
was included in the model to study potential association
with transmissions. We controlled for potential con-
founding at the individual level due to sex, ethnicity, age
band, IMD quintile, [23] and at the household level for
household size, urban-rural classification and NHS re-
gion. Age band was modelled as a time-varying covariate
at the person level and household size, presence of an
under 5-year old and presence of disease in a household
(see: Presence of Disease in Table 4, variable types) were
time-varying covariates at the household level. We used
the R library FrailtySurv, v 1.3.5 [30]. We reported the
results as hazard ratios, [31] together with 95% confi-
dence intervals.

Results
Description of household size in the RCGP RSC network
We identified a total of 6,825,919 households. 17% of
these were occupied by only one person, about 20% were
occupied by 2, 3 or 4 people, 10% had 5 people living in
the households while the rest (12%) had 6 or more
people living in them. (Table 1).

Identifying cases of household incidence and their
differing age-sex profile
We found 1407 cases of household incidence of ILI, 12,
375 of LRTI and 68,503 of URTI. The number, rate, and
age-sex profiles of the people affected varied from sea-
son to season in ILI, whereas the pattern people with
household incidence of LRTI and URTI had similar age-
sex distributions each year (Table 2). The household in-
cidence of LRTI was bimodal with the highest rates in
the under 5 and over 80-years age bands. Household in-
cidence of URTI was also most frequent in the under 5-
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year old age-band with the 5- to 9-year old the next
most frequent, with younger adults 25 to 45 years the
group least affected. In the under 5-year olds males pre-
sented more with LRTI and URTI, whilst overall and in
most age-bands females presented more than males. The
same data are reported individually for each covariate in-
cluded in the study (Supplementary material).

Repeated cross-sectional study
The only consistent findings across all three disease
areas were the associations with a child under 5-years
old in the household and increasing household size. The
presence of a child under 5-years gave an IRR of 1·62
(95%CI 1·38–1·89, p < 0·0001), 2·40 (95%CI 2·04–2·83,
p < 0·0001) and 4·46 (95%CI 3·79–5·25, p < 0·001) for ILI,
LRTI and URTI respectively. There was a gradation in
IRR from ILI (1·62) to LRTI (2·40) to URTI (4·46). In-
creasing household size, had a more consistent effect on
IRR. The results were for ILI 1·40 (95%CI 1·31–1·4904,
p < 0·00010, for LRTI 1·18 (95%CI 1·11–1·26, p < 0·0001)
and finally for URTI the IRR was 1·56 (95%CI 1·47–1·67,
p < 0·0001, Table 3). People of Asian ethnicity had a
higher IRR of presenting with household incidence of

ILI and URTI, but not LRTI (compared with white
ethnicity).
Morbid obesity (WHO Class 3) was associated with in-

creased incidence of ILI, whereas pregnancy was associ-
ated with lower rates. Asthma and the presence of an
immunosuppressed person in the household was associ-
ated with a greater household incidence of LRTI and
URTI. Coronary heart disease, CKD, and liver disease
were associated with greater household incidence than
households without these conditions. Diabetes and
asplenia were not associated with a raised IRR.
Compared with London (reference region), NHS

North region had a lower IRR of presentation with ILI
(IRR 0·62 (95%CI 0·43–0·90, p = 0·011)) but was more
likely to present with LRTI (IRR 1·51 (95%CI 1·04–2·18,
p = 0·029)), though rural had a higher IRR than
conurbations.
Compared with the 2013/14 (reference season), subse-

quent seasons had higher IRR for presentation from the
same household with ILI. The differences were particu-
larly great in the 2014/15 season (IRR 3·28 (95%CI 2·20–
4·89, p < 0·0001) and the 2017/18 season (IRR 5·39
(95%CI 3·68–7·89, p < 0·0001).
Gender ratio (female over male) and IMD quintile (re-

duction with each quintile change towards higher socio-
economic status) were strongly associated with a higher
IRR of presentation household incidence of URTI.

Retrospective cohort study, shared frailty model
The consistent findings across the negative binomial and
the survival model were that children under 5-years old
and increasing household size were associated with
greater household incidence of ILI, LRTI and URTI. The
presence of a child under 5-years gave a HR of 2·34
(95%CI 1·88–2·90, p < 0·0001), 2·97 (95%CI 2·76–3·2, p <

Table 1 Structure of household in RCGP RSC network

Household size Number of households %

1 1,137,627 16.7

2 1,385,964 20.3

3 1,392,742 20.4

4 1,364,388 20.0

5 698,378 10.2

6 or more 846,820 12.4

Total 6,825,919 100.0

Table 2 Number of household presentations and rate by year of household incidence as a percentage of all ILI, LRTI and URTI cases
and median age of case of household incidence

2013–14 2014–15 2015–16 2016–17 2017–18

ILI

Household presentations (n) 103 321 280 198 505

% of all cases 0.02% 0.07% 0.06% 0.04% 0.10%

Median age (IQR) 31 (36) 37 (48) 32 (35) 34 (41) 41 (43)

LRTI

Household presentations (n) 2267 2769 2333 2458 2548

% of all cases 0.50% 0.58% 0.48% 0.49% 0.50%

Median age (IQR) 46 (63) 51 (58) 48 (61) 56 (53) 57 (52)

URTI

Household presentations (n) 14,137 16,044 14,191 11,792 12,339

% of all cases 3.10% 3.39% 2.92% 2.37% 2.43%

Median age (IQR) 6 (29) 7 (30) 7 (28) 8 (30) 8 (29)
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Table 3 Incident rate ratio (IRR) of household incidence - summary table for influenza-like -illness (ILI), lower respiratory infection
(LRTI) and upper respiratory infection (URTI). Registered Population of the RCGP RSC Surveillance Network of primary care practices
in UK. 2013/14 Season to 2017/18 Season. Children under 5-years in the household and increasing size were the only statistically
significant incident differences across all three conditions· The IRR changed significantly between years for ILI but not for the other
groups of conditions

Variable type Variable detail Reference group: ILI (IRR) (95%
C.I)

LRTI (IRR) (95%
C.I)

URTI (IRR) (95%
C.I)

Gender Female: male ratio Positive female>male 1.096 (0·98–1·22) 1·069 (0·96–1·19) 1·159 (1·04–1·29)

Socioeconomic status (SES) IMD Quintile Change with improved
SES

0.964 (0·90–1·04) 0·993 (0·92–1·07) 0·926 (0·86–1·00)

Ethnicity Asian White ethnicity 2·933 (2·20–
3·90)

1·207 (0·91–1·61) 1·871 (1·41–2·49)

Black 0·549 (0·30–1·01) 0·563 (0·30–1·04) 0·796 (0·43–1·47)

Mixed 1·368 (0·89–2·10) 0·922 (0·60–1·41) 1·020 (0·67–1·56)

Other 1·295 (0·54–3·08) 1·081 (0·46–2·57) 1·355 (0·57–3·22)

Preschool child Under 5 in Household No under 5 1·616 (1·38–
1·89)

2·404 (2·04–2·83) 4·461 (3·79–5·25)

Household size Household size For each increase in
size

1·399 (1·31–
1·49)

1·182 (1·11–1·26) 1·563 (1·47–1·67)

High risk groups Asthma Not present in household 0·994 (0·78–1·27) 2·041 (1·60–2·60) 1·581 (1·52–1·64)

Immuno-supressed 1·224 (0·80–1·87) 1·559 (1·02–2·39) 0·781 (0·72–0·85)

Respiratory disease 0·940 (0·58–1·53) 2·433 (1·50–3·95) 0·737 (0·67–0·81)

Morbidly obese (BMI > 35) 1·580 (1·15–
2·18)

1·464 (1·06–2·02) 1·360 (1·28–1·44)

Coronary heart disease
(CHD)

0·960 (0·71–1·30) 2·051 (1·52–2·78) 0·917 (0·87–0·97)

Chronic kidney disease
(CKD)

1·051 (0·69–1·61) 2·196 (1·43–3·37) 0·718 (0·65–0·79)

Chronic liver disease 1·295 (0·98–1·72) 1·792 (1·35–2·38) 0·956 (0·91–1·01)

Diabetes 1·859 (0·91–3·82) 1·399 (0·68–2·88) 1·063 (0·91–1·24)

Asplenia 1.521 (0·78–2·95) 1·323 (0·68–2·57) 1·252 (1·11–1·42)

Pregnancy 0·437 (0·21–
0·92)

1·097 (0·52–2·32) 1·564 (1·48–1·66)

ONS rural-urban
conurbation

Conurbation City and Town 0·937 (0·65–1·35) 1·018 (0·70–1·47) 0·957 (0·66–1·38)

Rural 1·613 (1·25–
2·08)

1·096 (0·85–1·41) 0·886 (0·69–1·14)

NHS Region Midlands and East London 0·670 (0·44–1·03) 1·594 (1·06–2·50) 0·678 (0·44–1·04)

North 0·621 (0·43–
0·90)

1·507 (1·04–2·18) 0·827 (0·57–1·20)

South 0·778 (0·51–1·18) 1·116 (0·74–1·69) 0·709 (0·47–1·08)

Season 2014–2015 Reference 2013–2014 3·282 (2·20–
4·89)

1·261 (0·85–1·88) 1·115 (0·75–1·66)

2015–2016 2·751 (1·84–
4·12)

1·033 (0·69–1·55) 0·920 (0·61–1·38)

2016–2017 1·966 (1·29–
3·00)

1·055 (0·69–1·61) 0·799 (0·52–1·22)

2017–2018 5·385 (3·68–
7·89)

1·058 (0·72–1·55) 0·826 (0·56–1·21)

IRR incident rate ratio, ILI influenza like illness, LRTI lower respiratory infection, URTI upper respiratory infection, C.I confidence interval, IMD index of multiple
deprivation, ONS office of the national statistics, NHS national health service, sig significance, SES socioeconomic status, BMI body mass index, CHD coronary heart
disease, CKD:chronic kidney disease
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0·0001) and 10·32 (95%CI (10·04–10·62), p < 0·0001) for
ILI, LRTI and URTI respectively. There was a gradation
in HR from ILI (2·34) to LRTI (2·97) to URTI (10·32).
Increasing household size, also had significant effect on
HR. The results were for ILI 1·56 (95%CI 1·46–1·67, p <
0·0001, for LRTI 1·36 (95%CI 1·36–1·41, p < 0·0001) and
finally for URTI the HR was 1·29 (95%CI 1·27–1·30, p <
0·0001, Table 4).
People of Asian ethnicity had a higher HR of present-

ing with household incidence of ILI and URTI, but not
LRTI (compared with white ethnicity). HR was 2.38
(95%CI 2.32–2.44, p < 0.0001) for ILI and 1.48 (95%CI
1.42–1.55, p < 0.0001) for URTI. Rural living was signifi-
cantly associated with a greater HR for household inci-
dence of ILI and LRTI.
Asthma, diabetes, respiratory disease, coronary heart

disease, CKD, obesity, Neurological disease and the pres-
ence of an immunosuppressed condition were associated
with a significant household incidence of LRTI and

URTI. Pregnancy was associated with a raised HR of pres-
entation of household transmission of ILI, this was one of
the few areas of contradiction between our results.
Female gender and lower SES were associated with a

greater HR of household incidence of URTI in both
models, in our frailty model female gender was associ-
ated with higher rates of household presentation with all
three conditions.

Discussion
Principal findings
We identified household incidence from direct analysis
of routine primary care data. The highest rate was seen
in URTI, then lower rates for LRTI and then ILI, re-
spectively. The age-bands presenting in LRTI and URTI
did not change greatly year-on-year, however they vary
in ILI (Figs. 1 and 2, and Table 2). In years when ILI had
higher levels of household incidence there were also in-
creased rates of presentation of LRTI and URTI.

Table 4 Hazard ratio (HR) of household incidence - summary table for influenza-like -illness (ILI), lower respiratory infection (LRTI)
and upper respiratory infection (URTI). Registered Population of the RCGP RSC Surveillance Network of primary care practices in UK.
2013/14 Season to 2017/18 Season

Variable type Variable detail Reference group: ILI (HR) (95% C.I) LRTI (HR) (95% C.I) URTI (HR) (95% C.I)

Gender Female:male ratio female 0·87 (0·76–0·99) 0·94 (0·9–0·98) 0·83 (0·81–0·84)

Socioeconomic status (SES) IMD Quintile Change with improved SES 0·91 (0·84–0·99) 0·99 (0·97–1·02) 0·93 (0·92–0·94)

Ethnicity Asian White ethnicity 2·38 (2·32–2·44) 1·06 (0·92–1·21) 1·48 (1·42–1·55)

Black 0·81 (0·71–0·91) 0·69 (0·53–0·9) 0·89 (0·83–0·95)

Mixed 1·33 (1·23–1·60) 1·04 (0·85–1·26) 1·28 (1·20–1·37)

Other 1·93 (1·64–2·23) 0·7 (0·53–0·94) 1·15 (1·05–1·25)

Preschool child Under 5 in Household No under 5 2·34 (1·88–2·90) 2·97 (2·76–3·2) 10·32 (10·04–10·62)

Household size Household size For each increase in size 1·56 (1·46–1·67) 1·36 (1·36–1·41) 1·29 (1·27–1·30)

Presence of Disease Asthma Not present in household 1·05 (0·82–1·33) 1·48 (1·4–1·58) 1·15 (1·11–1·19)

Pregnancy 1·67 (1·03–2·70) 0·91 (0·74–1·11) 1·03 (0·96–1·11)

Diabetes 1·2 (0·92–1·55) 1·31 (1·22–1·41) 0·7 (0·66–0·74)

Respiratory Condition 0·72 (0·43–1·21) 1·43 (1·31–1·56) 0·53 (0·47–0·59)

Coronary Heart disease 1·19 (0·89–1·58) 1·52 (1·42–1·62) 0·83 (0·77–0·89)

Chronic kidney Disease 1·14 (0·74–1·75) 1·44 (1·32–1·55) 0·61 (0·53–0·69)

Immunosuppressed 0·99 (0·61–1·60) 1·31 (1·14–1·50) 0·88 (0·78–0·99)

Obesity 1·48 (0·92–2·41) 1·25 (1·09–1·32) 0·88 (0·80–0·97)

Neurological Disease 1·2 (0·82–1·75) 1·5 (1·38–1·63) 0·82 (0·76–0·89)

Liver Disease 1·1 (0·59–2·07) 1·11 (0·87–1·41) 0·79 (0·68–0·92)

Asplenia 1·36 (0·52–3·60) 0·96 (0·75–1·23) 0·9 (0·80–1·02)

Urban-rural class Conurbation City and Town 0·77 (0·60–0·98) 0·99 (0·99–1·07) 0·94 (0·91–0·98)

Rural 1·45 (1·07–1·97) 1·16 (1·06–1·27) 0·91 (0·87–0·96)

NHS Region Midlands and East London 0·66 (0·44–0·99) 1·72 (1·54–1·92) 0·67 (0·64–0·71)

North 0·64 (0·43–0·95) 1·77 (1·62–1·94) 0·81 (0·78–0·85)

South 0·75 (0·51–1·10) 1·35 (1·23–1·48) 0·74 (0·71–0·78)

HR ratio, ILI influenza like illness, LRTI lower respiratory infection, URTI upper respiratory infection, C.I confidence interval, IMD index of multiple deprivation, ONS
office of the national statistics, NHS national health service, sig significance
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Change in standardised rates
The standardised rates of household incidence had a similar
pattern each year by age-band. However, there was vari-
ation between years with the difference much greater be-
tween years in ILI. Generally, females overall and across all

ages presented more ILI, LRTI and URTI – other than in
the under 5-years old category where boys presented more
with household incidence of LRTI and URTI; and similarly,
in the age 5 to 17-years age band, males presented more
with household incidence of ILI and LRTI (Fig. 1).

Fig. 1 Standardised rates of household incidence cases for ILI, LRTI, URTI by age band, gender and year. There is most variation between years in ILI,
though LRTI and URTI follow a similar pattern. Other than for some years in ILI and in LRTI and URTI in the 0-4 year age-band, females generally present
more than males. Change in incidence rate of ILI, LRTI and URTI with household size, socioeconomic status and presence of children under 5-years in the
household: Registered Population of the RCGP RSC Surveillance Network of primary care practices in UK. 2013/14 Season to 2017/18 Season
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A child under 5- years old in the household and in-
creasing household size were associated with increased
household incidence of all three conditions. The ranking
of increased incidence from ILI, to LRTI to URTI was
consistent between our models.
In our observational data, males presented more than

females with ILI in some years, though boys under 5
years old consistently more with LRTI, and URTI (Fig.
1). Overall, as in our frailty model, females had a higher
incidence than males (Table 4). Households with a per-
son with comorbidities associated with increasing risk
from influenza had a higher IRR and HR of household
incidence of LRTI but not ILI (Tables 3 and 4) but a
lower HR of URTI was seen in this group (Table 4).
Asthma, though, was an exception to this.
Rural residence was associated with greater household

incidence of ILI (both models) and LRTI (frailty), and
again a lower incidence of URTI (frailty model, Tables 3
and 4). A contrasting pattern was seen in household inci-
dence of ILI between NHS regions with London, regions
outside London had lower rates of ILI. However, regions
outside London generally had a higher rate of household
incidence of LRTI, though lower rates of URTI.

Implications of the findings
Infections presenting within the same household can be
identified in routinely collected CMR system data. The

rate of household incidence of ILI varied and was high-
est in years where the rates were elevated in the general
population, as in 2014/15 and 2017/18; seasons when
there was either an antigenic or B-lineage mismatch to
that season’s influenza vaccine. Household incidence
data could be used to supplement other measures of
vaccine effectiveness [32] (Fig. 2); including before and
after the introduction of respiratory syncytial virus
(RSV) vaccine.
Households with a child under 5-years of age and

increasing household size were unsurprisingly, associ-
ated with higher rates of household incidence. This
reinforces the view that young children are the car-
riers of many respiratory illnesses and supports the
rationale for flu and other respiratory vaccinations in
childhood [33]. Likewise increasing household size is
an anticipated finding, as public health messages or
invitations for vaccination were linked to household
size [26] The differences between genders are inter-
esting. The standardised crude data from our cross-
sectional study (Fig. 1) reinforced findings in a previ-
ous RCGP RSC annual report paper that boys
present more than girls with acute respiratory infec-
tions [17].
It was interesting that there was no greater presenta-

tion of household incidence of ILI from households with
high risk people, but there was of LRTI but a lower HR

Fig. 2 Association of household size, socioeconomic status and a child under 5-years old in the household on household incidence rates of ILI,
LRTI and URTI. Registered Population of the RCGP RSC Surveillance Network of primary care practices in UK. 2013/14 Season to 2017/18 Season
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of URTI. In a previous study although we reported more
ILI and LRTI in diabetes, whilst presentation did not in-
crease with poor diabetes control [34]. The lowest HR
for URTI was from households with existing respiratory
disease. However, asthma did not fit this pattern, it was
the only comorbidity with a higher HR of presenting
with household incidence of URTIs. This is possibly be-
cause asthma is a familial condition and can be precipi-
tated by viral URTI.
We did not find any clear message from comparing re-

gions or rurality. It would appear that rural and London
regions have more household presentation with ILI, as
seen in both models. However, in our frailty model, we
showed more LRTI and less URTI in regions outside
London.

Comparison with the literature
Our findings fit with existing evidence relating to pre-
school children, female gender, and household size [6].
Whilst it is possible that household incidence in larger
households might be due to increased contacts, another
contributor is that children under 5-years shed flu virus
for longer [35].
The presence of comorbidities in our study was not

associated with increased household presentation of
ILI or URTI (other than for households with asthma),
though it was for LRTI, this contrasts with findings
from other studies [6, 9]. Our frailty model suggested
a higher HR of household transmission of ILI in
pregnancy and supported by the literature, [10]
though this was not found in our cross-sectional ana-
lysis. It is possible this difference was due to factors
included in our frailty model but not in the cross sectional
analysis. Additionally, immunisation programmes across
the course of our study may have had an impact and
should be considered in future studies. Pregnant
women in the UK are immunised against influenza
following the pandemic of 2009, to protect them from
the increased risk of severe infection [36] and infants
in the UK were also offered the pneumococcal conju-
gate vaccine (PCV7) in September 2006, followed by
the PCV13 in April 2010 [37].

Strengths and limitations
This study was conducted using data from a well-
established sentinel network, ending its 52nd season.
Practices contribute data to a weekly report and receive
feedback about data quality. Whilst our data have limita-
tions, we feel RCGP RSC data are as good as they get
from routine primary care CMR systems. Household in-
cidence may represent household transmission, we de-
cided that we would use the term “household incidence”
as it is possible that cases within the same household
were a result of school or other shared exposure. We

have not looked at the effect of vaccines and more com-
plex modelling on household incidence of respiratory ill-
nesses; these will be considered as part of future
research. The findings reported in this paper are based
on codes from CMR systems, we have no virological or
other laboratory / independent confirmation of diagno-
ses; virological sampling in RCGP RSC is restricted to
100 practices and only through the influenza season. An-
other limitation of our study is possible underestimation
due to health care seeking as asymptomatic people may
not visit their GPs. We also note that our ethnic categor-
ies are limited to those available widely in our source
data, and that more granular ethnic data would be desir-
able in any future study.

Call for further research
Further research including vaccine records and viro-
logical specimens would provide a greater understanding
of the nature of household incidence. It is possible there
may be indirect benefits of influenza vaccination in
households [36, 37]. Virological studies could also elicit
the nature of the organism and whether our household
incidence cases are genuinely household transmission.
We are able to identify communal establishments in

our data, and identify those including older people. A
study of this type would be useful, but beyond the scope
of this paper.
Lastly, this methodology may be adapted to better

understand the transmission of COVID-19 within
households; the findings of such a study would inform
policies regarding the reopening of schools and
workplaces.

Conclusion
Household incidence can be detected from routine data
collected in a sentinel network. This study reports from
analysis of routine clinical data how household size and
children under 5-years old are associated with a higher
incidence of household presentation of influenza and
other respiratory diseases. Our study shows that the risk
of ILI, LRTI or URTI for people living in households
with children under 5 years can be twice, thrice or ten
times higher respectively than people living in house-
holds without children under 5 years. In addition, people
living in larger households have a higher risk of infection
with respiratory illnesses. These results align with previ-
ous research in household transmission studies. Younger
age and number of household contacts have appeared in
many recent studies, which report their association with
higher susceptibility, see Table 1 in [37].
Although not shown in our study, greater incidence

might provide a signal of reduced vaccine effectiveness
in a particular season. It highlights that vaccination of
young children against influenza may be pertinent in
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reducing transmission and further investigation includ-
ing exposure to vaccines are needed. Ongoing direct
measurement of household incidence may provide fur-
ther insights into the epidemiology of respiratory infec-
tions and household composition and size. This might
be a useful component of programmes for targeting vac-
cine update.
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