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ABSTRACT
Objective Children are relatively protected from
COVID-19, due to a range of potential mechanisms. We
investigated if contact with children also affords adults a
degree of protection from COVID-19.
Design Cohort study based on linked administrative
data.
Setting Scotland.
Study population All National Health Service Scotland
healthcare workers and their household contacts as of
March 2020.
Main exposure Number of young children (0–11
years) living in the participant’s household.
Main outcomes COVID-19 requiring hospitalisation,
and any COVID-19 (any positive test for SARS-CoV-2) in
adults aged ≥18 years between 1 March and 12 October
2020.
Results 241 266, 41 198, 23 783 and 3850 adults
shared a household with 0, 1, 2 and 3 or more young
children, respectively. Over the study period, the risk
of COVID-19 requiring hospitalisation was reduced
progressively with increasing numbers of household
children—fully adjusted HR (aHR) 0.93 per child
(95% CI 0.79 to 1.10). The risk of any COVID-19 was
similarly reduced, with the association being statistically
significant (aHR per child 0.93; 95% CI 0.88 to 0.98).
After schools reopened to all children in August 2020,
no association was seen between exposure to young
children and risk of any COVID-19 (aHR per child 1.03;
95% CI 0.92 to 1.14).
Conclusion Between March and October 2020, living
with young children was associated with an attenuated
risk of any COVID-19 and COVID-19 requiring
hospitalisation among adults living in healthcare worker
households. There was no evidence that living with
young children increased adults’ risk of COVID-19,
including during the period after schools reopened.
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To date, children seem to be relatively protected
from SARS-
CoV-
2, being substantially less likely
to develop symptomatic infection (COVID-19) or
serious illness.1 2 Zimmermann and Curtis3 recently
provided a wide-ranging review of the proposed
mechanisms for this difference, including factors
such as concurrent infections competing with
SARS-
CoV-
2 in vivo, differences in microbiota,

What is already known on this topic?
►► Young children are less likely to develop

COVID-19 and severe COVID-19 than adults,
due to a range of potential mechanisms, among
which is the possibility of cross-protective
immunity to SARS-CoV-2.
►► Whether contact with young children offers
adults a degree of protection from COVID-19 or
not is unknown.
►► Two studies have suggested that contact with
children may be inversely associated with
COVID-19 risk (risk of infection, hospitalisation
or death from COVID-19).

What this study adds?
►► In our large cohort, adults with young children

were at lower risk of testing positive for
SARS-CoV-2 and possibly also of developing
COVID-19 requiring hospitalisation.
►► Adults living with young children were not at
increased risk of COVID-19, including during
August–October 2020 when nurseries and
schools were open for all children.
►► Verification of this finding is warranted in other
populations and settings.
higher melatonin levels and lower intensity of exposure to SARS-CoV-2. Differences in innate and/or
acquired immune mechanisms may play a part,3–11
as might increased innate immune responsiveness
following vaccinations and high exposure to respiratory viruses.3 12 Alternatively, pre-
exposure to
antigenically similar infectious agents (providing
subsequent specific cross-protection against SARS-
CoV-2) may also be relevant. Children have higher
levels of exposure to endemic coronaviruses than
adults.13 14 Evidence exists for B cell and T cell
cross-reactivity between SARS-CoV-2 and endemic
coronaviruses,4–10 and SARS-
CoV-
2 responsive T
cells have been shown to provide protection against
COVID-19.11
Given this latter possibility, we reasoned that
adults who are close contacts of children might also
be protected from SARS-CoV-2 due to a degree of
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Characteristics of adult household contacts by number of young children
0 children aged 0–11 years

1 child aged 0–11 years

2 children aged 0–11 years

3+ children aged 0–11 years

Number of adults

241 266

41 198

23 783

3850

Adults who are healthcare workers

121 004 (50.15)

22 025 (53.46)

13 179 (55.41)

2237 (58.10)

Age, mean (SD)
Male

44.53 (15.04)

39.82 (10.58)

39.01 (8.08)

38.47 (6.62)

105 116 (43.57)

17 639 (42.82)

10 803 (45.42)

1783 (46.31)

1 – most deprived

37 242 (15.44)

5655 (13.73)

2447 (10.29)

373 (9.69)

2

46 147 (19.13)

7700 (18.69)

3599 (15.13)

582 (15.12)

3

48 659 (20.17)

7491 (18.18)

4280 (18.00)

706 (18.34)

4

52 847 (21.90)

9701 (23.55)

6102 (25.66)

999 (25.95)

5 – least deprived

56 371 (23.36)

10 651 (25.85)

7355 (30.93)

1190 (30.91)

7768 (3.22)

2088 (5.07)

1162 (4.89)

259 (6.73)

None

207 796 (86.13)

37 315 (90.57)

21 924 (92.18)

One

24 897 (10.32)

3231 (7.84)

1579 (6.64)

252 (6.55)

8573 (3.55)

652 (1.58)

280 (1.18)

34 (0.88)

Scottish index of multiple deprivation

Race/ethnicity – non-white
Comorbidity count

Two or more

3564 (92.57)

Occupation of healthcare worker in household
Nursing and midwifery

102 514 (42.49)

18 688 (45.36)

10 085 (42.40)

1530 (39.74)

Administrative services

44 929 (18.62)

6710 (16.29)

3236 (13.61)

404 (10.49)

Support services

27 294 (11.31)

3232 (7.85)

1386 (5.83)

236 (6.13)

Medical and dental

20 836 (8.64)

4326 (10.50)

3586 (15.08)

849 (22.05)

Allied health profession

20 007 (8.29)

3798 (9.22)

2974 (12.50)

442 (11.48)

Other

25 686 (10.65)

4444 (10.79)

2516 (10.58)

389 (10.10)

Occupational role of healthcare worker in household
Non-patient facing

50 441 (20.91)

7453 (18.09)

3667 (15.42)

471 (12.23)

Patient facing

137 697 (57.07)

25 461 (61.80)

15 485 (65.11)

2627 (68.23)

Undetermined

53 128 (22.02)

8284 (20.11)

4631 (19.47)

752 (19.53)

Part time working in healthcare worker in household
Whole time
Part time
Not recorded
Tested for SARS-CoV-2

147 608 (61.18)

19 482 (47.29)

8296 (34.88)

1206 (31.32)

88 351 (36.62)

20 329 (49.34)

14 183 (59.64)

2281 (59.25)

5307 (2.20)

1387 (3.37)

1304 (5.48)

363 (9.43)

14 736 (6.11)

2835 (6.88)

1823 (7.67)

354 (9.19)

Statistics are the number (percentage) of adults with each characteristic except for age, which is given as the mean and SD.

immune cross-protection. This could be relevant to decisions to
close nurseries and schools in response to SARS-CoV-215 and
teachers’ perceptions of workplace safety.16 Since few relevant
studies exist,17 we used a recently reported cohort of around
160 000 healthcare workers and 250 000 household members in
Scotland18 to test the hypothesis that risk of COVID-19 in adults
is attenuated among those living with young children.

METHODS
Population, data sources and record linkage

Full details of the population studied are reported elsewhere.18
In brief, we identified healthcare workers in Scotland (aged
18–65 years) using databases including all individuals directly
employed by the National Health Service (NHS) and all general
practitioners providing services to the NHS, as of March 2020.
We identified other members of the healthcare workers’ households (all ages) using the NHS Scotland master patient index
and exact address matching. We linked these data to multiple
Scotland-wide databases indicating virology testing for SARS-
CoV-2, hospitalisation, critical care admission and death. Exposure, covariate and outcome data were examined for all adults
aged ≥18 years living in a healthcare worker household. All data
from 1 March to 12 October 2020 were included.

Outcome

The primary outcome was COVID-
19 requiring hospitalisation, defined as a first positive PCR test19 for SARS-CoV-2 up

to 28 days prior to, or during, a hospital admission. Secondary
outcomes were any COVID-19 (defined as any positive test for
SARS-CoV-2) and severe COVID-19 (defined as a positive test
for SARS-CoV-2 up to 28 days prior to admission for critical
care or death).

Exposure

The primary exposure was the number of young children (aged
0–11 years) in each household. Additional analyses examined
risk by the number of preschool children (aged 0–4 years),
primary school children (aged 5–11 years), older children (aged
12–17 years) and other adults (aged ≥18 years).

Covariates

Data on age, sex and deprivation (Scottish Index of Multiple
Deprivation quintile) were obtained from the linked databases.
Prespecified comorbidities (see online supplemental table S1)
were defined using previous hospitalisation and prescribing data.
Ethnicity was imputed from forename and surname using the
ONOMAP algorithm.20
Occupational covariates were defined at the household level
based on the characteristics of the member who was a healthcare
worker. These included the healthcare worker’s occupation (eg,
medical and nursing), potential exposure to SARS-CoV-2 (eg,
patient-facing role or not), seniority, length of service, immigration status and full/part-time working status. In households with
more than one healthcare worker, the highest risk category was
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applied. A causal diagram showing the assumed relation between
these covariates is provided in online supplemental figure S1.

Statistical analysis

We plotted the cumulative incidence of hospitalisation for
COVID-19 among adults according to the number of young
children in each household. We modelled COVID-19 requiring
hospitalisation, any COVID-
19 and severe COVID-
19 using
Cox regression, calculating robust SEs to allow for clustering
due to shared household membership and stratifying on groups
of health board areas to allow for differences in baseline hazard.
We present effect estimates for minimal models adjusting for age,
full models including all covariates and intermediate models. We
conducted a range of sensitivity analyses incorporating additional covariates and/or restricting the population examined.

RESULTS

Of the 310 097 adults living in a healthcare worker household,
241 266 (78%), 41 198 (13%), 23 783 (7.8%) and 3850 (1.2%)
shared their household with 0, 1, 2 and 3 or more young children, respectively. Compared with adults living with no young
children, those living with children were on average 5 years
younger; were less likely to live in the most deprived areas; were
more likely to be of non-white ethnicity; and were less likely to
have comorbidities (table 1 and online supplemental table S1).
Adults living with young children were slightly more likely to be
tested for SARS-CoV-2 (table 1).
Table 2

Household composition differed according to the number
of young children. Households with more children were more
likely to include two or more adults. More than a quarter of
adults who shared a household with a single child under 11 ears
also shared a household with a child aged 12–17 years (online
supplemental table S2).

COVID-19 requiring hospitalisation

Compared with adults living with no young children, the risk of
COVID-19 requiring hospitalisation was reduced in those living
with children (figure 1). The unadjusted HR for COVID-19
requiring hospitalisation was 0.77 per each additional young
child in the household (95% CI 0.65 to 0.90, table 2). On
adjusting for adults’ age, this association was attenuated (HR
per child 0.88; 95% CI 0.75 to 1.04). Further smaller changes
were seen after adjusting for other potential confounders (sex,
deprivation, occupation, professional role, staff/non-staff status,
length of service, number of adolescents and adults in household, comorbidity count plus selected comorbidities (see online
supplemental table S1) and full-time/part-time working status),
with the fully adjusted HR (aHR) being 0.93 per child (95% CI
0.79 to 1.10).
Similar associations were found when analysis was restricted
to households where at least one adult was a patient-
facing
healthcare worker (aHR per child 0.89; 95% CI 0.74 to 1.08,
online supplemental table S3). In a stratified analysis, the aHR
per child was 1.11 (95% CI 0.92 to 1.35) for adults living in

Risk and HRs for COVID-19 requiring hospitalisation for adults living in healthcare worker households by number of young children
No children aged 0–11 years 1 child aged 0–11 years

N adults with COVID-19 requiring
hospitalisation
Total N adults
Risk per 10 000

2 children aged 0–11 years

3+ children aged 0–11 years

390

59

20

2

241 266

41 198

23 783

3850

16.2

14.3

Per child
–
–

8.4

5.2

–

Unadjusted

1

0.89 (0.67–1.17)

0.53 (0.34–0.83)

0.33 (0.08–1.32)

0.77 (0.65–0.90)

Model 1

1

1.09 (0.82–1.46)

0.69 (0.44–1.10)

0.44 (0.11–1.79)

0.88 (0.75–1.04)

Model 2

1

1.11 (0.83–1.49)

0.72 (0.45–1.15)

0.44 (0.11–1.78)

0.90 (0.76–1.05)

Model 3

1

1.13 (0.84–1.52)

0.73 (0.46–1.16)

0.45 (0.11–1.81)

0.90 (0.77–1.06)

Model 4

1

1.17 (0.87–1.57)

0.78 (0.49–1.26)

0.49 (0.12–1.97)

0.93 (0.79–1.10)

HRs obtained from Cox proportional hazard models. Model 1 adjusts for adults’ age using a penalised spline function. Model 2 additionally adjusts for sex, Scottish Index of Multiple Deprivation quintile, occupation (eg,
nursing and medical), occupational role (patient facing, non-patient facing and undetermined), healthcare worker (yes/no), length of service, number of children aged 12–17 years in household and number of adults in
household. Model 3 additionally adjusts for the comorbidity count and specific conditions (ischaemic heart disease, other heart disease, other circulatory system diseases, advanced chronic kidney disease, asthma and
chronic lower respiratory disease, neurological disorders, decompensated liver disease, any immunological condition, malignant neoplasms, disorders of oesophagus, stomach and duodenum, type 1 diabetes and type 2
diabetes). Model 4 additionally adjusts for part-time status (additional model not prespecified).
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Figure 1 Risk of any COVID-19 and of COVID-19 requiring hospitalisation in adults living in healthcare worker households by number of young
children (aged 0–11 years) cumulative incidence (risk) plots of any COVID-19 and of COVID-19 requiring hospitalisation by number of young children
(aged 0–11 years) in household. Vertical dotted lines indicate dates when schools closed and reopened.

Original research
Risk and HRs for any COVID-19 for adults living in healthcare worker households by number of young children
No children aged 0–11
years
N adults with any COVID-19
Total N adults
Risk per 10 000

1 child aged 0–11 years

2 children aged 0–11 years

3+ children aged 0–11
years

Per child

4324

717

345

65

–

241 266

41 198

23 783

3850

–

179.2

174.0

145.1

168.8

–

Unadjusted

1

0.97 (0.89–1.06)

0.81 (0.72–0.92)

0.96 (0.73–1.26)

0.93 (0.89–0.98)

Model 1

1

0.93 (0.85–1.02)

0.78 (0.69–0.88)

0.91 (0.69–1.21)

0.91 (0.87–0.96)

Model 2

1

0.93 (0.85–1.02)

0.79 (0.70–0.90)

0.90 (0.68–1.18)

0.92 (0.87–0.96)

Model 3

1

0.93 (0.85–1.02)

0.79 (0.70–0.90)

0.90 (0.68–1.18)

0.92 (0.87–0.96)

Model 4

1

0.94 (0.86–1.03)

0.82 (0.72–0.93)

0.92 (0.70–1.22)

0.93 (0.88–0.98)

Model fitting and covariates as per footnote of table 2.

households containing a full-time healthcare worker and 0.65
(95% CI 0.46 to 0.91) for those in households containing a part-
time healthcare worker (p interaction=0.002). A further stratified analysis found similar results for adults with (aHR 0.91;
95% CI 0.75 to 1.10) and without (aHR 0.90; 95% CI 0.65 to
1.25) any comorbidities.

Additional analyses

Any COVID-19

Compared with adults living with no young children, the risk
of any COVID-19 was reduced in those living with children
(figure 1). In the full study population, the fully aHR for any
COVID-19 was similar to that seen for COVID-19 requiring
hospitalisation but with narrower CIs (aHR per child 0.93 95%
CI 0.88 to 0.98, table 3). The inverse association between number
of young children in the household and risk of any COVID-19
was similar in adults with (aHR per child 0.84; 95% CI 0.72
to 0.99) and without (aHR 0.93; 95% CI 0.88 to 0.97) comorbidities and in adults living in households containing a full-time
(aHR 0.95; 95% CI 0.88 to 1.02) and part-time (aHR 0.88;
95% CI 0.81 to 0.94) healthcare worker (p interaction=0.44).
Further analysis of the risk of any COVID-
19 revealed
stronger inverse associations for adults living with preschool
children, compared with those living with primary school children, adolescents or other adults (table 4). Similar differences
between the age groups, but with wider 95% CIs reflecting the
smaller numbers of events, were also found for the primary
outcome of COVID-19 requiring hospitalisation (online supplemental table S4).

School reopening

Nurseries and schools in Scotland were closed from 23 March
2020 until the end of the school year in late June 2020. They
reopened to all children on 12 August 2020 and remained open
until the Christmas holiday. Some childcare or school provision
was available for children of key workers, including healthcare workers, between March and August. Between 12 August
and 12 October 2020 (the end date of our study period), there

Table 4

were an additional 1337 cases of any COVID-19 and 20 cases
of COVID-19 requiring hospitalisation among the adults in our
study population (figure 1), and the aHR for any COVID-19 was
1.03 (95% CI 0.92 to 1.14) per each additional young child in
the household.

Results for the much less common outcome, severe COVID-19,
are shown in online supplemental tables S5 and S6). Restricting
the analysis to individuals identified via the ONOMAP algorithm as white did not modify the associations for any of the
outcomes. The full set of regression coefficients and SEs for all
fitted models are provided at https://github.com/ChronicDiseaseEpi/hcw.

DISCUSSION

We examined the hypothesis that the risk of COVID-19 in adults
is attenuated for those with high exposure to young children
(0–11 years) due to presumed cross-protective immunity. Among
a cohort of over 300 000 adults living in a household with a
healthcare worker in Scotland, the risk of testing positive for
SARS-CoV-2 over the period March–October 2020 was slightly
lower for individuals living with young children, and this reduction persisted after adjusting for potential confounders. The
risk of COVID-19 requiring hospitalisation (primary outcome
specified) was also lower for those living with young children,
although this finding did not reach statistical significance.
Very few studies have directly examined whether contact with
children affords adults protection from SARS-CoV-2. Prior to
our recent preprint,21 only one study touching on this question
was identified.17 In this German study, 1186 of 4010 patients
who had recovered from COVID-19 responded to a survey. The
proportion of individuals reporting regular contact with children aged <11 years was lower than expected based on general
population rates. More recently a preprint has been published by
the OpenSAFELY group.22 In this general population sample of
12 million people in England, between February and July 2020,

HRs for any COVID-19 for adults living in healthcare worker households by number of persons of different ages
Per child aged 0–4 years

Per child aged 5–11 years

Per child aged 12–17 years

Per adult aged 18 years or above

Unadjusted

0.88 (0.81–0.96)

1.07 (1.01–1.13)

0.87 (0.84–0.89)

0.97 (0.91–1.02)

Model 1

0.87 (0.80–0.95)

1.03 (0.97–1.09)

0.88 (0.85–0.90)

0.94 (0.88–0.99)

Model 2

0.86 (0.78–0.94)

1.05 (0.99–1.12)

1.04 (1.02–1.07)

0.95 (0.89–1.01)

Model 3

0.86 (0.78–0.94)

1.05 (0.99–1.12)

1.04 (1.02–1.07)

0.95 (0.89–1.01)

Model 4

0.87 (0.80–0.95)

1.06 (1.00–1.12)

1.04 (1.01–1.07)

0.96 (0.90–1.02)

Model specification and covariates as per footnote of table 2. The unadjusted models and model 1 were fitted separately for each exposure (eg, aged 0–5 years and aged 6–11 years), but all exposures were included in
models 2, 3 and 4. The effect estimates corresponds to ‘per child’ column in tables 2–3, where the counts of children and adults were treated as continuous variables, which assumes that any association between the
number of children (or adults) and the hazard rate is log-linear.
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19.4–10 Second, respiratory
well this protects against COVID-
samples obtained from children during investigation for respiratory tract infections show high levels of seasonal, endemic coronaviruses.13 14 Third, as well as having higher rates of exposure
to such viruses, children may transmit seasonal coronaviruses
to their household contacts. Younger adults (aged 15–44 years)
that include those most likely to live with young children have
higher levels of antibodies to N proteins of CoV-OC43 than do
older adults,23 although whether this reflects exposure at home
via contact with children, or elsewhere, is unknown. It would
be important to compare the prevalence of antibodies to SARS-
CoV-2, and to seasonal coronaviruses, in those with and without
substantive exposure to children of different age groups.
Moreover, it is important to note that differences in previous
exposure to other coronaviruses is only one of a range of potential explanations for the difference in COVID-19 risk among
adults and children, for most of which—such as differences in
melatonin levels—there are no plausible mechanisms by which
adult contacts could share in the protection.3
Notwithstanding possible mechanisms, our findings provide
sufficient evidence of a potentially interesting protective effect
19 for adults living with young children to
against COVID-
warrant further study in other populations (eg, adults working
in nurseries and primary schools) and settings. Ongoing work to
explore whether potential protective effects persist as community transmission patterns evolve, in particular in response to
the emergence of new viral strains and the implementation of
vaccination programmes, would also be beneficial.

CONCLUSION

In a large occupational cohort, household exposure to young
children was associated with a reduced risk of testing positive for SARS-CoV-2 and COVID-19 requiring hospitalisation
(non-significant). Verification of this finding is needed in other
populations and settings. Less equivocally, to date, increased
household exposure to young children has not been associated
with an increased risk of COVID-19, even during periods where
schools are open and there is active transmission of SARS-CoV2
in the community. These findings have potential for informing
policy on nursery and school closure.
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adults sharing a household with children aged 0–11 years were
not at increased risk of any COVID-19 or COVID-19 requiring
hospitalisation or critical care admission and were at a lower risk
of death from COVID-19. These studies are congruent with our
findings and together suggest that, to date, exposure to young
children is not associated with increased risk of COVID-19 in
adults but with a small reduction in risk.
The risk to adults of COVID-19 will presumably reflect a
dynamic balance between the risk that children may directly
CoV-
2 to their adult contacts, and the possitransmit SARS-
bility that they may enhance cross-protective immunity through
prior transmission of other respiratory viruses. In this context,
our current study provides reassurance that adults sharing a
household with young children remained at no increased risk
of COVID-19 during August–October 2020 when schools were
CoV-
2 was
reopened and community transmission of SARS-
occurring.
This study has some limitations. The observed inverse association between living with young children and adults’ risk of
COVID-19 was not strong and could be a chance finding. Our
19 requiring hospitalisation, was
primary outcome, COVID-
uncommon; hence, HR CIs were wide. Although we suspected
that statistical power would be limited, we prespecified this as
the primary outcome as we were concerned that high rates of
SARS-
CoV-
2) acute respiratory infection in households
(non-
with small children might have led to higher levels of testing
for SARS-CoV-2 and hence biased ascertainment of any COVID-
19. The level of testing was indeed higher among those adults
who shared a household with young children. However, point
19 requiring hospitalisation and any
estimates for COVID-
COVID-19 were similar, and for the latter, they were statistically significant.
Another possibility is that, despite extensive adjustment for
potential confounders, the observed inverse association may be
the result of residual confounding. On stratified analyses, the
inverse association was evident for adults living in part-time
healthcare worker households but less obvious for those living in
full-time healthcare worker households. Since part-time workers
with increasing numbers of children likely work fewer hours (and
therefore have lower occupational exposure to SARS-CoV-2),
and since we lacked accurate data on hours worked during the
pandemic, we cannot exclude the possibility of unmeasured
confounding as a cause of the observed associations.
It has been suggested that the inverse association between
living with young children and risk of COVID-19 may result
from adults living with children spending less time outside the
CoV-
2 may be transmitted.
home in settings in which SARS-
While plausible, we are unable to find any empirical evidence
in support of this view. For much of the pandemic across much
of Scotland, many social venues have been closed. In addition,
evidence from the 2018 Scottish Household Survey (online
supplemental tables S7–10) suggests that adults who live with
young children are as likely to visit restaurants and gyms as other
adults of the same age and indeed more likely to visit places of
worship and cinemas.
19 rate and
If a protective effect of children on COVID-
severity in their adult contacts is confirmed, this could involve
cross-
reactive immunity to endemic COVID-
19 infections
acquired outside the home, for example, at nursery or school.
First, evidence of antigenic similarity between N proteins of
SARS-CoV-2 and those of endemic beta coronaviruses (strains
Cov-OC43 and Cov-NL63) has now been shown in studies of
cell-mediated immunity. There is also evidence of cross-reactivity
in antibody-mediated immunity, although it is uncertain how
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Table S1 Comorbidity among adults living in healthcare worker households by number of young children
in household
Any comorbidity
Ischaemic heart disease
Other heart disease
Other circulatory system diseases
Advanced chronic kidney disease
Asthma and chronic lower respiratory
disease
Neurological disorders
Decompensated liver disease
Any immunological condition
Malignant Neoplasms
Disorders of oesophagus, stomach and
duodenum
Diabetes, type 1
Diabetes, type 2
Diabetes, unknown type

0 children aged 011
33470 (13.87)
4067 (1.69)
7298 (3.02)
4386 (1.82)
224 (0.09)
5311 (2.20)

1 child aged 011
3883 (9.43)
256 (0.62)
604 (1.47)
494 (1.20)
30 (0.07)
745 (1.81)

2 children aged 011
1859 (7.82)
74 (0.31)
250 (1.05)
237 (1.00)
14 (0.06)
394 (1.66)

3 or more children aged
0-11
286 (7.43)
13 (0.34)
38 (0.99)
49 (1.27)
0
65 (1.69)

1249 (0.52)
203 (0.08)
217 (0.09)
7854 (3.26)
5707 (2.37)

161 (0.39)
13 (0.03)
25 (0.06)
819 (1.99)
676 (1.64)

91 (0.38)
8 (0.03)
13 (0.05)
443 (1.86)
325 (1.37)

11 (0.29)
0
0
52 (1.35)
50 (1.30)

1617 (0.67)
7660 (3.17)
470 (0.19)

274 (0.67)
618 (1.50)
57 (0.14)

160 (0.67)
205 (0.86)
24 (0.10)

17 (0.44)
32 (0.83)
6 (0.16)
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Tables S2a to S2d Number of adults living in healthcare worker households according household
composition
Table S2a Number of adults aged ≥18 by number of young children and children aged 12-17 in household
Number of children
aged 12 to 17 in
household
0 aged 12-17
1 aged 12 to 17
2 aged 12 to 17
3+ aged 12 to 17

0 children aged 0-11

1 child aged 0-11

2 children aged 0-11

3 or more children
aged 0-11

208714 (86.51)
24359 (10.10)
7596 (3.15)
597 (0.25)

29855 (72.47)
9521 (23.11)
1677 (4.07)
145 (0.35)

21470 (90.27)
2051 (8.62)
244 (1.03)
18 (0.08)

3559 (92.44)
215 (5.58)
61 (1.58)
15 (0.39)

Table S2b Number of adults aged ≥18 by number of young children and adults aged 18 or older in household

Number of adults
aged 18 or older
in household
1 aged ≥18
2 aged ≥18
3+ aged ≥18

0 children aged 011

1 child aged 0-11

2 children aged 011

3 or more
children aged 0-11

39395 (16.33)
78980 (32.74)
122891 (50.94)

5026 (12.20)
23042 (55.93)
13130 (31.87)

2041 (8.58)
17499 (73.58)
4243 (17.84)

365 (9.48)
3273 (85.01)
212 (5.51)

Table S2c Number of adults aged ≥18 by number of young children and adults aged 65 to 74 in household
Number of adults aged
65 to 74 in household
0 aged 65-74
1 aged 65-74
2 aged 65-74
3+ aged 65-74

0 children aged 0-11

1 child aged 0-11

2 children aged 0-11

3 or more children
aged 0-11

219469 (90.97)
17701 (7.34)
3925 (1.63)
171 (0.07)

39659 (96.26)
1310 (3.18)
229 (0.56)
0

23208 (97.58)
509 (2.14)
66 (0.28)
0

3797 (98.62)
43 (1.12)
10 (0.26)
0

Table S2d Number of adults aged ≥18 by number of young children and adults aged 75 or older in household
Number of adults aged
75 or older in
household
0 aged ≥75
1 aged ≥75
2 aged ≥75
3+ aged ≥75

0 children aged 0-11

1 child aged 0-11

2 children aged 0-11

3 or more children
aged 0-11

231223 (95.84)
8290 (3.44)
1674 (0.69)
79 (0.03)

40226 (97.64)
827 (2.01)
145 (0.35)
0

23387 (98.33)
361 (1.52)
35 (0.15)
0

3817 (99.14)
17 (0.44)
16 (0.42)
0
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Table S3 Risk and hazard ratios for COVID-19 requiring hospitalisation for adults living in patientfacing healthcare worker households* by number of young children in household.
0 children
aged 0-11

1 child
aged 0-11

2 children
aged 0-11

Events
N
Risk per 10,000
Unadjusted

272
137697
19.8
1

Model 1

1

Model 2

1

Model 3

1

Model 4

1

41
25461
16.1
0.82 (0.581.14)
0.94 (0.671.32)
0.97 (0.691.37)
0.99 (0.701.39)
1.03 (0.731.45)

17
15485
11.0
0.57 (0.350.93)
0.67 (0.411.12)
0.74 (0.441.24)
0.75 (0.451.25)
0.82 (0.491.37)

3 or more
children
aged 0-11
1
2627
3.8
0.20 (0.031.41)
0.24 (0.031.69)
0.26 (0.041.84)
0.26 (0.041.87)
0.29 (0.042.07)

Per child

0.75 (0.620.90)
0.82 (0.680.99)
0.85 (0.711.03)
0.86 (0.711.03)
0.89 (0.741.08)

Model fitting and covariates as per footnote of Table 2 in the main manuscript. * Households where at least one
healthcare worker occupies a patient facing role.
Figure S1 – Causal diagram showing assumed role of covariates included in model 4 (Tables 2-4 of main
manuscript)

Green box indicates exposure, blue box outcome, grey boxes indicate variable/groups of variables conditioned
on.
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Table S4 Hazard ratios for COVID-19 requiring hospitalisation for adults living in healthcare worker
households by number of persons in household of different ages
Unadjusted
Model 1
Model 2
Model 3
Model 4

Per child
aged 0 to 4
0.63 (0.46-0.88)
0.84 (0.61-1.15)
0.84 (0.61-1.16)
0.85 (0.62-1.17)
0.88 (0.64-1.22)

Per child
aged 5 to 11
1.03 (0.84-1.26)
1.02 (0.84-1.25)
1.04 (0.85-1.28)
1.05 (0.86-1.29)
1.07 (0.87-1.30)

Per child
aged 12 to 17
0.91 (0.84-0.99)
0.93 (0.85-1.01)
1.00 (0.91-1.09)
1.00 (0.92-1.09)
1.00 (0.91-1.09)

Per adult
aged 18 or above
0.84 (0.70-1.02)
0.91 (0.74-1.11)
0.92 (0.75-1.13)
0.93 (0.76-1.14)
0.96 (0.78-1.18)

Model specification and covariates as per footnote of Table 4.
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Table S5 Risks and hazard ratios for severe COVID-19 for adults living in healthcare worker households
by number of young children in household
0 children aged
0-11
N adults with severe
COVID-19
Total N adults
Risk per 10,000
Unadjusted
Model 1
Model 2
Model 3
Model 4

1 child aged 0-11

2 children aged
0-11

3 or more
children aged
0-11

Per child

241266
3.6
1
1
1
1
1

41198
2.7
0.75 (0.40-1.40)
1.17 (0.62-2.23)
1.25 (0.67-2.34)
1.29 (0.69-2.42)
1.36 (0.73-2.56)

23783
1.7
0.48 (0.18-1.30)
0.88 (0.32-2.37)
0.87 (0.31-2.41)
0.86 (0.31-2.41)
0.97 (0.34-2.74)

3850
0.0
-

0.68 (0.47-0.98)
0.94 (0.66-1.33)
0.95 (0.68-1.33)
0.93 (0.67-1.30)
1.01 (0.72-1.42)

Model fitting and covariates as per footnote of Table 2 in the main manuscript.
Table S6 Hazard ratios for severe COVID-19 for adults living in healthcare worker households by
number of persons in household of different ages
Per child
Per child
aged 0 to 5
aged 6 to 11
Unadjusted
0.57 (0.23-1.39)
0.54 (0.32-0.93)
Model 1
0.96 (0.41-2.22)
0.59 (0.35-1.00)
Model 2
0.90 (0.38-2.15)
0.59 (0.35-1.02)
Model 3
0.87 (0.36-2.08)
0.60 (0.35-1.02)
Model 4
0.95 (0.41-2.22)
0.60 (0.35-1.04)
Model specification and covariates as per footnote of Table 4.

Per child
aged 12 to 17
1.22 (1.04-1.43)
1.21 (1.02-1.44)
1.20 (0.99-1.45)
1.21 (1.01-1.45)
1.21 (1.01-1.45)

Per adult
aged 18 or above
0.74 (0.48-1.13)
0.93 (0.61-1.43)
0.97 (0.64-1.46)
0.96 (0.64-1.45)
1.04 (0.69-1.57)

Scottish household survey
As, we were unable to find any published studies providing empirical evidence to support or refute the claim
that adults who shared a household with young children have restricted activity outside the home, we
downloaded and analysed the 2018 Scottish Household Survey (which is available via the UK data Service at
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000048).
The 2018 Scottish Household Survey includes a travel diary where a “random adult” respondent in each
household is asked to record all the activities they travelled to/from within the previous 24 hours. These
activities are then assigned to standard categories. The Scottish Household Survey also records the number of
children aged 0-11 and the number of children aged 0-4 in each household. This therefore provides a highquality contemporaneous dataset for comparing the activities of households containing different numbers of
children.
We restricted the data to households where the “random adult” was aged 25 to 44. We did so to avoid
confounding without having to resort to regression modelling. Because we were interested solely in relative
differences, we did not use the survey weighting variables which account for oversampling of different
geographic regions. We compared the activities using both the original categorisations from the Scottish
Household Survey and after collapsing these into broader categories relevant to SARS-CoV-2 exposure. In the
supplementary appendix we provide both tables in full; below for convenience we have reproduced the
collapsed-categories as well as selected rows showing the original categorisations.
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Table S7 Collapsed categories of activities. Number (%) of households where the “random adult”
travelled to/from activities according to the number of children aged 0 to 11.
0

1

2

3 or 4

Number of households

1085

458

421

80

Age random adult in household - mean
(standard deviation)
Community activities, indoor

33.8 (5.9)

35.7 (5.2)

35.8 (5)

35.05 (4.8%)

362 (33.4%)

156 (34.1%)

147 (34.9%)

30 (37.5%)

Community activities, outdoor

5 (0.5%)

7 (1.5%)

6 (1.4%)

2 (2.5%)

Community activities, indoor or outdoor

41 (3.8%)

18 (3.9%)

18 (4.3%)

5 (6.3%)

Educational

33 (3%)

60 (13.1%)

79 (18.8%)

23 (28.8%)

Seeing friends

89 (8.2%)

21 (4.6%)

24 (5.7%)

1 (1.3%)

Home (journeying to or from)

210 (19.4%)

92 (20.1%)

83 (19.7%)

24 (30%)

Hospital

11 (1%)

6 (1.3%)

5 (1.2%)

1 (1.3%)

Other

141 (13%)

77 (16.8%)

69 (16.4%)

14 (17.5%)

Private

72 (6.6%)

19 (4.1%)

21 (5%)

8 (10%)

Relatives

106 (9.8%)

38 (8.3%)

30 (7.1%)

7 (8.8%)

Work

516 (47.6%)

192 (41.9%)

171 (40.6%)

28 (35%)

Table S8 Collapsed categories of activities. Number (%) of households where the “random adult”
travelled to/from activities according to the number of children aged 0 to 4
0

1

2 or 3

Number of households

1493

432

119

Age random adult in household - mean
(standard deviation)
Community activities, indoor

34.9 (5.8)

34.3 (4.9)

33.8 (4.9)

504 (33.8%)

147 (34%)

44 (37%)

Community activities, outdoor

9 (0.6%)

6 (1.4%)

5 (4.2%)

Community activities, indoor or outdoor

60 (4%)

19 (4.4%)

3 (2.5%)

Educational

102 (6.8%)

64 (14.8%)

29 (24.4%)

Seeing friends

107 (7.2%)

22 (5.1%)

6 (5%)

Home (journeying to or from)

291 (19.5%)

88 (20.4%)

30 (25.2%)

Hospital

15 (1%)

6 (1.4%)

2 (1.7%)

Other

208 (13.9%)

81 (18.8%)

12 (10.1%)

Private

94 (6.3%)

15 (3.5%)

11 (9.2%)

Relatives

135 (9%)

36 (8.3%)

10 (8.4%)

Work

694 (46.5%)

170 (39.4%)

43 (36.1%)
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Table S9 Number (%) of households where the “random adult” travelled to/from activities according to
the number of children aged 0 to 11
Children aged 0 to 11
0
1
2
3or4
Number of households

1085

458

421

80

Age random adult in HH - mean (sd)

33.8 (5.9)

35.7 (5.2)

35.8 (5)

35.05 (4.8)

Other medical related eg. dentist, physio

5 (0.5%)

7 (1.5%)

1 (0.2%)

1 (1.3%)

Place of worship eg. church, mosque

5 (0.5%)

8 (1.7%)

5 (1.2%)

1 (1.3%)

The bank

2 (0.2%)

1 (0.2%)

1 (0.2%)

0 (0%)

The cinema

8 (0.7%)

5 (1.1%)

2 (0.5%)

1 (1.3%)

The Council offices

2 (0.2%)

1 (0.2%)

0 (0%)

0 (0%)

The Doctors

6 (0.6%)

6 (1.3%)

5 (1.2%)

2 (2.5%)

The gym

20 (1.8%)

12 (2.6%)

12 (2.9%)

3 (3.8%)

The pub

22 (2%)

3 (0.7%)

0 (0%)

2 (2.5%)

The restaurant

31 (2.9%)

13 (2.8%)

9 (2.1%)

1 (1.3%)

The shops

119 (26%)
7 (1.5%)

130
(30.9%)
6 (1.4%)

24 (30%)

The park

287
(26.5%)
5 (0.5%)

Another entertainment/public activity

15 (1.4%)

10 (2.2%)

6 (1.4%)

2 (2.5%)

Participating in sport/exercise

26 (2.4%)

9 (2%)

12 (2.9%)

3 (3.8%)

College

0 (0%)

4 (0.9%)

1 (0.2%)

0 (0%)

School

0 (0%)

1 (0.2%)

1 (0.2%)

1 (1.3%)

School/college/university

24 (2.2%)

5 (1.1%)

2 (0.5%)

0 (0%)

School/nursery

8 (0.7%)
1 (0.1%)

77
(18.3%)
0 (0%)

22 (27.5%)

University

51
(11.1%)
1 (0.2%)

Your friends

89 (8.2%)

21 (4.6%)

24 (5.7%)

1 (1.3%)

Home

92
(20.1%)
6 (1.3%)

83
(19.7%)
5 (1.2%)

24 (30%)

The Hospital

210
(19.4%)
11 (1%)

Another personal appointment

43 (4%)

21 (4.6%)

18 (4.3%)

4 (5%)

Escort - other

12 (1.1%)

22 (4.8%)

23 (5.5%)

4 (5%)

On holiday

2 (0.2%)

0 (0%)

0 (0%)

0 (0%)

Other

24 (2.2%)

6 (1.3%)

7 (1.7%)

3 (3.8%)

Volunteering/caring

8 (0.7%)

4 (0.9%)

2 (0.5%)

2 (2.5%)

Your day trip

13 (1.2%)

7 (1.5%)

16 (3.8%)

1 (1.3%)

Your meeting

46 (4.2%)

20 (4.4%)

13 (3.1%)

2 (2.5%)

Take the dog out

42 (3.9%)

5 (1.1%)

10 (2.4%)

4 (5%)

Your cycle

2 (0.2%)

2 (0.4%)

0 (0%)

0 (0%)

Your drive

3 (0.3%)

0 (0%)

1 (0.2%)

0 (0%)

Your run

5 (0.5%)

3 (0.7%)

5 (1.2%)

1 (1.3%)

Your walk

21 (1.9%)

10 (2.2%)

6 (1.4%)

3 (3.8%)

Your relatives

106
(9.8%)
516
(47.6%)

38 (8.3%)

30 (7.1%)

7 (8.8%)

192
(41.9%)

171
(40.6%)

28 (35%)

Work

2 (2.5%)

0 (0%)

1 (1.3%)
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Table S10 Number (%) of households where the “random adult” travelled to/from activities according to
the number of children aged 0 to 4
Children aged 0 to 4

0

1

2or3

Number of households

1493

432

119

Age random adult in HH - mean (sd)

34.9 (5.8)

34.3 (4.9)

33.8 (4.9%)

Other medical related eg. dentist, physio

9 (0.6%)

4 (0.9%)

1 (0.8%)

Place of worship eg. church, mosque

10 (0.7%)

9 (2.1%)

0 (0%)

The bank

4 (0.3%)

0 (0%)

0 (0%)

The cinema

14 (0.9%)

2 (0.5%)

0 (0%)

The Council offices

3 (0.2%)

0 (0%)

0 (0%)

The Doctors

14 (0.9%)

5 (1.2%)

0 (0%)

The gym

32 (2.1%)

11 (2.5%)

4 (3.4%)

The pub

24 (1.6%)

1 (0.2%)

2 (1.7%)

The restaurant

40 (2.7%)

10 (2.3%)

4 (3.4%)

The shops

398 (26.7%)

124 (28.7%)

38 (31.9%)

The park

9 (0.6%)

6 (1.4%)

5 (4.2%)

Another entertainment/public activity

21 (1.4%)

10 (2.3%)

2 (1.7%)

Participating in sport/exercise

39 (2.6%)

10 (2.3%)

1 (0.8%)

College

3 (0.2%)

2 (0.5%)

0 (0%)

School

2 (0.1%)

1 (0.2%)

0 (0%)

School/college/university

28 (1.9%)

2 (0.5%)

1 (0.8%)

School/nursery

69 (4.6%)

60 (13.9%)

29 (24.4%)

University

2 (0.1%)

0 (0%)

0 (0%)

Your friends

107 (7.2%)

22 (5.1%)

6 (5%)

Home

291 (19.5%)

88 (20.4%)

30 (25.2%)

The Hospital

15 (1%)

6 (1.4%)

2 (1.7%)

Another personal appointment

62 (4.2%)

23 (5.3%)

1 (0.8%)

Escort - other

36 (2.4%)

22 (5.1%)

3 (2.5%)

On holiday

2 (0.1%)

0 (0%)

0 (0%)

Other

28 (1.9%)

10 (2.3%)

2 (1.7%)

Volunteering/caring

11 (0.7%)

2 (0.5%)

3 (2.5%)

Your day trip

24 (1.6%)

12 (2.8%)

1 (0.8%)

Your meeting

58 (3.9%)

20 (4.6%)

3 (2.5%)

Take the dog out

54 (3.6%)

3 (0.7%)

4 (3.4%)

Your cycle

4 (0.3%)

0 (0%)

0 (0%)

Your drive

3 (0.2%)

0 (0%)

1 (0.8%)

Your run

11 (0.7%)

3 (0.7%)

0 (0%)

Your walk

25 (1.7%)

9 (2.1%)

6 (5%)

Your relatives

135 (9%)

36 (8.3%)

10 (8.4%)

Work

694 (46.5%)

170 (39.4%)

43 (36.1%)
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