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Abstract

Background

Children are relatively protected from novel coronavirus infection (COVID-19). The reasons for this
protection are not well understood but differences in the immune response to Severe Acute
Respiratory Syndrome coronavirus 2 (SARS-CoV-2) have been implicated. If such differences are due
to differential exposure to non-SARS-CoV-2 infectious agents, adults who are close contacts of
children may partly share in this protection. Such a protective effect would have important
implications for the lives of children, not least in terms of schooling.

Methods

Using a Scotland-wide record-linkage based occupational cohort comprising healthcare workers and
members of their households, we examined whether sharing a household with young children (aged
0 to 11) attenuated the risk of hospitalisation with COVID-19, and/or testing positive for COVID-19
infection of any severity (any case of Covid-19). All healthcare workers directly employed by the
National health Service (NHS) in Scotland, or contracted to provide general practice services, were
included. Outcome and covariate data were obtained via linkage to Scotland-wide microbiology,
drug prescribing, hospitalisation and death data.

Results

241,266 adults did not share a household with young children; 41,198, 23,783 and 3,850 shared a
household with 1, 2 and 3 or more young children respectively. The risk of hospitalisation with
COVID-19 was lower in those with one child and lower still in those with two or more children,
adjusting for age the hazard ratio (HR) was 0.83 per child (95% Cl 0.70-0.99). On additionally
adjusting for sex, socioeconomic deprivation, occupation, professional role, staff/non-staff status,
the number of adults and adolescents in each household, and comorbidity, the HR was 0.89 per child
(95% Cl 0.74-1.06). An association of the same magnitude, but more precisely estimated, was
obtained for any case of COVID-19 (fully adjusted model, HR per child 0.89; 95% CI 0.84-0.95).

Conclusion

Increased household exposure to young children was associated with an attenuated risk of testing
positive for SARS-CoV-2 and appeared to also be associated with an attenuated risk of COVID-19
disease severe enough to require hospitalisation.
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Introduction

Children are relatively protected from Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-
2). When exposed, children are less likely to develop symptomatic infection (COVID-19), and when
infected they are less like to become seriously ill.! This difference is large; in the UK over the peak 9
weeks of the epidemic, the mortality in the UK population for SARS-CoV-2 was 0.0005% among
children aged 0 to 14, compared to 0.003% for adults aged 25-44 and 0.11% for adults aged 65 to
742

The reasons why COVID-19 is milder in childhood are not well understood, and differences in both
the innate and acquired immune systems have been implicated.? While developmental factors alone
may account for any differences, pre-exposure to antigenically-similar infectious agents may also be
relevant. Evidence of B and T-cell cross-reactivity between endemic coronaviruses and SARS-CoV-2
has been demonstrated in independent studies,*° and children may have higher levels of exposure
to endemic coronaviruses than adults.'*? Alternatively, there may be non-specific “training” of the
innate immune response as a result of increased exposure to childhood vaccinations and respiratory
viruses.?

If differential exposure to infectious agents is an important mechanism, adults who are close
contacts of children, such as childcare providers, teachers and parents may also benefit. Despite a
lack of empirical evidence that children are important in the transmission of COVID-19, schools and
nurseries throughout the world have been closed, resulting in substantial harms to the health and
wellbeing of children,** while a substantial proportion of staff who work in schools have reported
feeling unsafe about the reopening of educational establishments.'> Consequently, if exposure to
children was found to be protective, rather than harmful, this would have important implications for
policy. Few studies, however, have examined this question.®

We recently reported the risk of hospitalisation for COVID-19 in around 160,000 healthcare workers
and 250,000 members of their households in Scotland.'” Using this cohort, who are at increased risk
of exposure to SARS-CoV-2 and COVID-19, we now test the hypothesis that the risk of COVID-19 is
attenuated where adults share households with children aged 11 and younger.

Methods

Population, data sources and record linkage

The population studied is described in detail elsewhere. Briefly, we previously created a cohort of
adults who were either healthcare workers (aged 18 to 65) or healthcare worker’s household
members (all ages). Healthcare workers were identified via a human resources database which
includes all staff directly-employed by the NHS in Scotland on the 1% of March 2020, as well as via a
database of doctors contracted to provide general practice services. Household members of these
groups were identified via a common address using a complete listing of all individuals registered
with general practices in Scotland (which includes almost the entire Scottish population). Individuals
were assigned to the same household only if the address (including house and, if included,
apartment number) was identical; fuzzy matching was not allowed. We linked these data to multiple
Scotland-wide databases.!” These included datasets containing individual level clinical information
for virology testing for SARS-CoV-2, general hospitalisation data, community prescribing, critical care
admissions and statutory death registration records.
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Outcome

Outcome, exposure, and covariate information was examined for all adults aged 18 years or over
living in a healthcare worker household. The primary outcome was COVID-19 requiring
hospitalisation, defined as a first positive PCR test for SARS-CoV-2 up to 28 days prior to, or during, a
hospital admission. We also report findings for the secondary outcomes of any COVID-19 (defined
as any positive PCR test for SARS-CoV-2, regardless of hospitalisation or death status) and severe
COVID-19 (defined as a first positive PCR test for SARS-CoV-2 up to 28 days prior to admission to
intensive care or a high-dependency unit, or death). Any outcome event occurring between the 1
of March and 7*" of July 2020 was included.

COVID-19 requiring hospitalisation was chosen as the primary outcome rather than any COVID-19 as
we were concerned that higher rates of acute respiratory infections in members of households
containing small children may lead to increased testing for SARS-CoV-2 and hence ascertainment
bias.

Exposure

The primary exposure was the number of children aged 0 to 11 (hereafter referred to as young
children) in each household. In additional analyses, risks for household members of pre-school
children (aged 0-4) and primary school-aged children (aged 5-11) were examined separately as were
the risks of sharing a household with older children (aged 12-17) and with other adults.

Covariates

Data on age, sex and the Scottish Index of Multiple Deprivation (SIMD) quintile (an area-based
measure of socioeconomic deprivation) were obtained from the linked databases. Pre-specified
comorbidities (see Table S1) were defined using previous hospitalisation and prescribing data.
Ethnicity was estimated using the ONOMAP algorithm, which estimates ethnicity based on forename
and surname.®

Occupational covariates were defined at the household level based on the characteristics of the
household member who was a healthcare worker. These included the healthcare worker’s
occupation (eg medical, nursing, allied health professional), exposure to patients (eg in a patient
facing or non-patient facing role) seniority-level, length of service, immigration status, and full/part-
time working status. Where more than one household member was a healthcare worker, the highest
risk designation (eg patient facing rather than non-patient facing) was applied.

Statistical analysis

The cumulative incidence of hospitalisation for COVID-19 for adults was plotted according to the
number of young children in their household. We modelled COVID-19 requiring hospitalisation using
Cox regression, calculating robust standard errors 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 a minimal model adjusting for age, a full model including all
the covariates and intermediate models to allow readers to judge the robustness of any findings to
different model specifications. In addition to the primary outcome, we also produced estimates for
two other outcomes — any COVID-19 and severe COVID-19. We also conducted a range of sensitivity
analyses including additional covariates, and/or restricting the cohort to different populations (eg
households where all adults were healthcare workers).
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Results

Of the 310,097 adults living in a healthcare worker household, 241,266 (78%), 41,198 (13%), 23,783
(7.8%) and 3,850 (1.2%) shared a household with 0, 1, 2 and 3 or more young children respectively.
The proportion of women were similar across these categories. Those who did not share a
household with young children were on average 5-years older than those who did; were more likely
to live in the most deprived areas. However, adults who were of non-white ethnicity were more
likely to share a household with young children (Table 1) than were those of white ethnicity.
Comorbidity was less common among adults sharing households with young children, and the
proportion with comorbid diseases fell as the number of young children in the household increased
(Table 1 and Supplementary Table S1).

Household composition differed according to the number of younger children. Households with
more children were more likely to include 2 or more adults. More than a quarter of adults who
shared a household with a single child under 12 also shared a household with a child aged 12-17.
Fewer than 1 in 10 adults in a household with young children also shared a household with anyone
over the age of 65 (Supplementary Table S2).

Testing for SARS-CoV-2

Testing for SARS-CoV-2 was low overall but was commoner among adults who shared a household
with young children. The proportion of adults tested ranged from 6.11% among those who did not
share a household with young children to 9.19% in those who shared a household 3 or more young
children (Table 1).

COVID-19 requiring hospitalisation

Compared to those in households without children, the risk of COVID-19 requiring hospitalisation
was lower in those with one child and lower still in those with two or more children (Figure 1). In
unadjusted analyses, the hazard ratio (HR) for this association was 0.72 per child (95% CI 0.60-0.85, p
<0.001, Table 2) - ie the risk of COVID-19 requiring hospitalisation fell, on average, by 0.72-fold per
each additional young child in the household. On adjusting for the adult’s own age (ie not the age of
the children in the household), this association was attenuated (HR per child 0.83; 95% CI 0.70-0.99),
with further smaller changes after adjusting for remaining pre-specified potential confounders (sex,
socioeconomic deprivation, occupation, professional role, staff/non-staff status, the number of
adolescents in the household, the number of adults in each household, and the comorbidity counts
plus selected comorbidities - see Table S1) and for whether or not the healthcare worker in the
adult’s household was part-time or full time, which was not pre-specified. For this fully adjusted
analysis, the confidence interval included the null, and so was consistent with no beneficial effect of
sharing a household with young children (HR per child 0.89; 95% Cl 0.74-1.06).

Similar, but slightly stronger associations were found when the analysis was restricted to households
where at least one member of staff had a patient-facing role (fully adjusted model, HR per child 0.83;
95% Cl 0.68-1.02, Supplementary Table S3), a group with greater occupational exposure to SARS-
CoV-2 than non-patient facing healthcare workers, although on formally testing for an interaction
between patient facing and non-patient facing groups, the coefficient included the null, (P-value for
interaction = 0.80). There was also a clearer “dose response” across categories from 0 to 23 children
in both the unadjusted and adjusted models for adults in patient facing compared to adults in non-
patients facing households (Supplementary Table S3).

To explore whether there was residual confounding even after adjusting for part-time working (i.e.
in case part-time workers with more children worked fewer hours and hence had less exposure to


https://doi.org/10.1101/2020.09.21.20196428
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.09.21.20196428; this version posted September 22, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

people with COVID-19) we also stratified adults by whether or not they shared a household with a
healthcare worker who worked part-time. We found an inverse association between the number of
young children in the household and risk of COVID-19 requiring hospitalisation in the part-time
stratum (HR per child 0.63; 95% Cl 0.43-0.92) but not in the whole time stratum (1.04; 95% Cl 0.84-
1.28, P-interaction = 0.007). Separately, to examine for residual confounding by comorbidity, we
restricted the analyses to adults who had no known comorbidities, finding similar effect measure
estimates to those seen in the main analysis (HR per child on adjusting for demographic and
occupational factors 0.83; 95% Cl 0.68-1.03). Similar results were also obtained on restricting to
adults who had 2 or fewer prescriptions within the previous 9 months (HR per child was 0.91; 95% ClI
0.71-1.18, 1.34; 95% Cl1 0.84-2.15).

Any COVID-19

The point estimate for the inverse association between number of young children in the household
and the risk of any COVID-19 was similar to that found for the risk of COVID-19 requiring
hospitalisation (Table 3). However, reflecting the much larger number of outcome events when
looking at any COVID-19 compared to COVID-19 requiring hospitalisation, confidence intervals were
narrower for any COVID-19 and did not include the null (HR per child in fully adjusted models 0.89;
95% Cl 0.84-0.95).

As with the primary outcome, we found similar inverse associations between number of young
children in the household and the risk of any COVID-19 after restricting the analysis to participants
without any known comorbidities (0.89; 95% Cl 0.84-0.95) and to those who had 2 or fewer
prescriptions within the previous 9 months (adjusting for demographic and occupational factors the
HR per child was 0.89; 95% Cl 0.83-0.96.). Compared to the primary outcome, the associations for
any COVID-19 was more similar according to part-time working status (HR per child 0.85; 95% ClI
0.77-0.92 for part-time and 0.92; 95% ClI 0.84-1.00 non-part time, P-interaction = 0.75).

Adjusting for the same variables, we explored the risk of any COVID-19 after more finely categorising
younger children into primary school and pre-school children. On formal testing, this separate
categorisation improved the model fit (Chi-square = 5.74, df = 0.99, p = 0.02) and slightly stronger
associations were observed in pre-school children than in primary school children (in age adjusted
models, HR per pre-school child 0.82; 95% Cl 0.74-0.91 versus HR per primary school child 0.94; 95%
Cl1 0.88-1.00). In contrast there was no evidence of a lower risk where adolescents or adults 18 or
older were present in the household (Table 4). Similar differences between the age-groups, but with
wider 95% confidence intervals reflecting the smaller numbers of events, were also found for the
primary outcome of COVID-19 requiring hospitalisation (Supplementary Appendix Table S4).

Additional analyses

We also examined associations for the much less common outcome, severe COVID-19, the results of
which are shown in the supplementary appendix in Tables S5 and S6. The full set of regression
coefficients and standard errors for all fitted models are provided at

github_repository to_be_made_public_following peer_review.
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Discussion

We found that among a cohort of over 300,000 adults living in a household containing a healthcare
worker in Scotland, the risk of testing positive for SARS-CoV-2 during the first wave of the COVID-19
pandemic was lower for individuals living with young children (0-11 years), and that this persisted
after adjusting for potential confounding variables. Risk of hospitalisation for COVID-19 (our primary
outcome) was similarly lower for those living with young children, although this finding did not reach
statistical significance.

To support decision making concerning the closure of schools during the COVID-19 pandemic,
several studies have examined the transmission of COVID-19 from children to adults. A community
surveillance study in England and Wales conducted by Public Health England found that children
rarely tested positive for SARS-CoV-2, even when they had symptoms of acute respiratory infection;
this was particularly true for younger children?® Studies examining contacts of younger children with
SARS-CoV-2 have also shown low rates of secondary cases, particularly in non-household settings,
consistent with minimal or no transmission from children to adults.?® Although we were mainly
concerned with testing the hypothesis that contact with children might exert a protective effectin a
high-risk population (healthcare workers), our study is also consistent with the findings that children
do not pose a substantial risk of infection to adults with whom they share a household.

Our pre-specified hypothesis, that close contact with young children may actually protect against the
risk of COVID-19 among adults, has not been extensively studied. We only found one study which
touched on this question, a survey of exposures among people who had recovered from SARS-CoV-
2.7 Ours is the first cohort study of which we are aware to formally test this hypothesis, for which
the findings provide a degree of support.

A number of limitations of this study should be acknowledged. First, the observed inverse
association may be a chance finding. For the primary outcome, on including in our regression models
the potential confounders which we had pre-specified, the confidence interval included the null.
Although we knew that statistical power would be limited, we had decided, a priori, to use COVID-19
requiring hospitalisation as the primary outcome rather than any COVID-19 (which was much
commoner), as we were concerned that high rates of (non-SARS-CoV-2) acute respiratory infection
in households with small children may cause ascertainment bias, increasing the apparent rate of any
COVID-19 in these groups as a result of increased testing. The level of testing was indeed higher
among those adults who shared a household with young children, suggesting that there may be
increased ascertainment. Despite this, in the fully adjusted models, we found similar point estimates
regardless of whether the outcome was hospitalisation or any COVID-19. For the commoner
outcome these estimates were more precise with confidence intervals that did not include the null,
which suggests that the finding for the primary outcome may be real, rather than a chance
observation.

Another possibility is that the identified association may have been confounded by part-time
working. For the primary outcome, on stratifying the analysis into households where healthcare
workers did and did not work part time, the association was evident in the former group but null in
the latter. Since within part-time healthcare workers those with more children may work fewer
hours (and therefore have lower exposure to SARS-CoV-2), and since we lacked accurate data on
hours worked during the pandemic, the apparent effect of sharing a household with young children
may be due to unmeasured confounding. Nonetheless, the association between the number of
children and the risk of any case of COVID-19 — a much commoner outcome — did persist on
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stratifying for part-time/whole-time status. Consequently, unmeasured confounding by time spent
in high-risk occupational settings seems unlikely.

Residual confounding due to better health in those households with more children (perhaps
affecting the decision to have more children) is also an unlikely explanation because the observed
associations were also found on restricting the analyses to healthier adults.

From first principles, any protective effect of children on COVID-19 rate and severity in their
household contacts would seem likely to involve cross-reactive immunity to endemic coronavirus
infections acquired outside the home, e.g. at nursery or school. Evidence of antigenic similarity
between N proteins of SARS-CoV-2 and those of endemic beta coronaviruses (strains Cov-OC43 and
Cov-NL63) have now been shown in studies of cell-mediated immunity, and there is also evidence of
cross-reactivity in antibody-mediated immunity, although it is currently uncertain how well this
protects against COVID-19.%° Secondly, children who had respiratory samples (sputum, broncho-
alveolar washings etc) obtained for clinical reasons (e.g. respiratory tract infection) have previously
been found to have high levels of seasonal coronaviruses,! and a similar study identified that CoV-
0C43 which like SARS-CoV-2 is a beta-coronavirus, was commonest in children under 5.12 Thirdly, as
well as having higher rates of infection (or asymptomatic carriage) children must also be capable of
transmitting seasonal coronaviruses to adults with whom they share households. Younger adults
(aged 15-44) which includes those ages most likely to share households with young children, have
higher levels of antibodies to N proteins of CoV-OC43 than do older adults,?* but whether this
reflects exposure at home via contact with children, or elsewhere, is unknown.

Alternatively, children could exert a protective effect through stimulation of the innate immune
system of adults with whom they are close contacts!® Children positive for seasonal coronaviruses
often test positive for unrelated respiratory viruses. It is likely that any such effect would be shorter-
term than one based on changes in specific acquired immunity. Two clinical trials are currently
underway involving vaccination with BCG for COVID-19,2>% which will help determine whether such
an effect is plausible.

Notwithstanding possible mechanisms, our findings provide sufficient evidence of a potentially
interesting protective effect against COVID-19 infection in households with young children to
warrant further study in other settings. High exposure settings, such as occupational groups or
populations which have had increased exposure to SARS-CoV-2, would be of particular interest.
Other adults that could usefully be studied are those who have had contact with large numbers of
children, such as those who work in primary schools and nurseries, particularly in geographical
settings where exposure to SARS-CoV-2 has also been common. As reliable population screening for
antibodies to SARS-CoV-2 becomes widespread, another interesting test of our hypothesis would be
to compare the prevalence of antibodies to SARS-CoV-2, and in parallel antibodies to seasonal
antibodies viz. Cov-0OC43, in those with and without substantive exposure to children of different
age groups.

Our findings also raise intriguing questions around the design and evaluation of future vaccination
programmes against SARS-CoV-2. For example, it would be important to examine the differential
production of IgM and IgG antibodies to SARS-CoV-2 in adults and children to evaluate the possibility
that children might ‘pre-immunize’ adults with endemic coronaviruses. Subsequent vaccination
could then trigger a more rapid secondary immune response. This is an important practical point,
since recent studies of antibody kinetics following natural infection with SARS-CoV-2 have indicated
that antibodies are generally not detectable for 10-14 days, and in some patients are never
detectable.?* This lag time may be too long to ensure protection against severe COVID-19. Could
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exposure to children perhaps enhance the efficacy of SARS-CoV-2 vaccines? Further, although long-
term studies are not yet feasible with SARS-CoV-2, follow-up after experimental Cov-OC43 infection
indicates that seropositivity wanes fairly rapidly over time, with many volunteers becoming negative
within a year.l® This raises the possible risk of re-infection, and the consequent need for follow-up
vaccination, in which case any possible role of children acting as ‘natural vaccine boosters;’ should
be taken into consideration.

Conclusion

In a large occupational cohort, increased household exposure to young children was associated with
an attenuated risk of testing positive for SARS-CoV-2 and appeared to also be associated with (non-
statistically-significant) attenuated risk of COVID-19 disease severe enough to require
hospitalisation. Verification of this finding is needed in other settings where both exposure to SARS-
CoV-2 and contact with young children are common. These findings have potentially important
implications for future control of the COVID-19 pandemic, for example through informing policy on
nursery and school closure and vaccination.
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Table 1 - Baseline characteristics of adults living in healthcare worker households by
number of young children in household

0 children 1 child 2 children 3+ children
aged 0-11 aged 0-11 aged 0-11 aged 0-11
Number of adults 241266 41198 23783 3850
Adults who are healthcare workers 121004 (50.15) = 22025 (53.46) 13179 (55.41) 2237 (58.10)
Age, mean (standard deviation) 44.53 (15.04) 39.82 (10.58) 39.01 (8.08) 38.47 (6.62)
Male 105116 (43.57) = 17639 (42.82) 10803 (45.42) 1783 (46.31)
Scottish index of multiple deprivation
1 - most deprived 37242 (15.44) 5655 (13.73) 2447 (10.29) 373 (9.69)
2 46147 (19.13) 7700 (18.69) 3599 (15.13) 582 (15.12)
3 48659 (20.17) 7491 (18.18) 4280 (18.00) 706 (18.34)
4 52847 (21.90) 9701 (23.55) 6102 (25.66) 999 (25.95)
5 - least deprived 56371 (23.36) 10651 (25.85) 7355 (30.93) 1190 (30.91)
Race/ethnicity - Non-white 7768 (3.22) 2088 (5.07) 1162 (4.89) 259 (6.73)
Comorbidity count
None 207796 (86.13) | 37315 (90.57) 21924 (92.18) 3564 (92.57)
One 24897 (10.32) 3231 (7.84) 1579 (6.64) 252 (6.55)
Two or more 8573 (3.55) 652 (1.58) 280 (1.18) 34 (0.88)
Occupation of healthcare worker in
household
Nursing and midwifery 102514 (42.49) = 18688 (45.36) 10085 (42.40) 1530 (39.74)
Administrative services 44929 (18.62) 6710 (16.29) 3236 (13.61) 404 (10.49)
Support services 27294 (11.31) 3232 (7.85) 1386 (5.83) 236 (6.13)
Medical and dental 20836 (8.64) 4326 (10.50) 3586 (15.08) 849 (22.05)
Allied health profession 20007 (8.29) 3798 (9.22) 2974 (12.50) 442 (11.48)
Other 25686 (10.65) 4444 (10.79) 2516 (10.58) 389 (10.10)
Occupational role of healthcare worker in
household
Non-patient facing 50441 (20.91) 7453 (18.09) 3667 (15.42) 471 (12.23)
Patient facing 137697 (57.07) = 25461 (61.80) 15485 (65.11) 2627 (68.23)
Undetermined 53128 (22.02) 8284 (20.11) 4631 (19.47) 752 (19.53)
Part time working in healthcare worker in
household
Whole time 147608 (61.18) = 19482 (47.29) 8296 (34.88) 1206 (31.32)
Part time 88351 (36.62) 20329 (49.34) 14183 (59.64) 2281 (59.25)
Not recorded 5307 (2.20) 1387 (3.37) 1304 (5.48) 363 (9.43)
Tested for SARS-CoV-2 14736 (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 standard

deviation.
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Table 2 - Risk and hazard ratios for COVID-19 requiring hospitalisation for adults living
in healthcare worker households by number of young children in household

N adults with COVID-19 requiring
hospitalisation

Total N adults

Risk per 10,000

Unadjusted

Model 1

Model 2

Model 3

Model 4

No
children
aged 0-

11

356

241266
14.8

1

1 child aged
0-11

52

41198
12.6
0.86

(0.64-1.16)
1.07

(0.79-1.45)
1.10

(0.81-1.50)
1.12

(0.82-1.52)
1.15

(0.84-1.58)

2 children
aged 0-11

15

23783
6.3
0.41
(0.25-0.69)
0.54
(0.32-0.91)
0.57
(0.34-0.96)
0.58
(0.35-0.98)
0.62

(0.37-1.05)

3+ children
aged 0-11

3850
5.2
0.36
(0.09-1.45)
0.50
(0.12-2.00)
0.49
(0.12-2.00)
0.50
(0.12-2.02)
0.55

(0.14-2.21)

Per child

0.72
(0.60-0.85)
0.83
(0.70-0.99)
0.85
(0.72-1.01)
0.86
(0.72-1.02)
0.89

(0.74-1.06)

Hazard ratios obtained from Cox proportional hazard models. Model 1 adjusts for age using a penalised spline function. Model 2
additionally adjusts for sex, Scottish Index of Multiple Deprivation, occupation (eg nursing, medical), occupational role (patient facing, non-
patient facing, undetermined), healthcare worker (yes/no), length of service, number of children aged 12 to 17 in household, 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.
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Table 3 - Risk and hazard ratios for any COVID-19 for adults living in healthcare worker

households by number of young children in household

N adults with
any COVID-19

Total N adults

Risk per 10,000

Unadjusted

Model 1

Model 2

Model 3

Model 4

No children
aged 0-11

3222

241266
133.5

1

1 child aged 0-
11

507

41198
123.1
0.92
(0.83-1.01)
0.84
(0.75-0.93)
0.84
(0.75-0.93)
0.83
(0.75-0.93)
0.85

(0.77-0.95)

Model fitting and covariates as per footnote of Table 2.

2 children aged
0-11

268

23783
112.7
0.84
(0.73-0.96)
0.75
(0.65-0.86)
0.74
(0.65-0.86)
0.75
(0.65-0.86)
0.77

(0.67-0.89)

3+ children aged  Per child

0-11
52 -
3850 -
135.1 -

1.02 0.94
(0.75-1.37) (0.89-0.99)
0.89 0.88
(0.66-1.21) (0.83-0.93)
0.85 0.88
(0.63-1.15) (0.83-0.93)
0.85 0.88
(0.63-1.15) (0.83-0.93)
0.89 0.89
(0.66-1.20) (0.84-0.95)

Table 4 - Hazard ratios for any COVID-19 for adults living in healthcare worker

households by number of persons in household of different ages

Per child Per child Per child Per adult
agedO0to 4 aged 5to 11 aged 12to 17 aged 18 or above
Unadjusted 0.86 0.98 1.05 0.81
(0.98-1.12) (0.78-0.84)
(0.78-0.95) (0.92-1.05)
Model 1 0.83 0.91 1.00 0.97
(0.74-0.92) (0.85-0.97) (0.93-1.07) (0.89-1.06)
Model 2 0.80 0.92 1.02 1.04
(0.72-0.89) (0.86-0.99) (0.95-1.09) (1.01-1.08)
Model 3 0.80 0.92 1.02 1.04
(0.72-0.89) (0.86-0.99) (0.95-1.09) (1.01-1.08)
Model 4 0.82 0.94 1.02 1.04
(0.74-0.91) (0.88-1.00) (0.96-1.10) (1.01-1.07)
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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 to5, aged 6 to 11 etc) 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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Figure 1 Risk of COVID-19 requiring hospitalisation in adults living in healthcare worker
households by number of young children (aged 0 to 11) in household

Cumulative incidence (risk) plots of COVID-19 requiring hospitalisation by number of young children (aged 0 to 11) in household.
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Table S1 Comorbidity among adults living in healthcare worker
households by number of young children in household

0 children 1 child aged | 2 children 3 or more children
aged 0-11 0-11 aged 0-11 aged 0-11
Any comorbidity 33470 3883 1859 286 (7.43)
(13.87) (9.43) (7.82)
Ischaemic heart disease 4067 (1.69) | 256 74 (0.31) 13 (0.34)
(0.62)
Other heart disease 7298 (3.02) | 604 250 (1.05) | 38 (0.99)
(1.47)
Other circulatory system diseases | 4386 (1.82) | 494 237 (1.00) |49 (1.27)
(1.20)
Advanced chronic kidney disease | 224 (0.09) | 30(0.07) | 14 (0.06) 0
Asthma and chronic lower 5311 (2.20) | 745 394 (1.66) | 65 (1.69)
respiratory disease (1.81)
Neurological disorders 1249 (0.52) | 161 91 (0.38) 11 (0.29)
(0.39)
Decompensated liver disease 203 (0.08) | 13(0.03) | 8 (0.03) 0
Any immunological condition 217 (0.09) | 25(0.06) | 13 (0.05) 0
Malignant Neoplasms 7854 (3.26) | 819 443 (1.86) | 52 (1.35)
(1.99)
Disorders of oesophagus, stomach | 5707 (2.37) | 676 325(1.37) | 50(1.30)
and duodenum (1.64)
Diabetes, type 1 1617 (0.67) | 274 160 (0.67) | 17 (0.44)
(0.67)
Diabetes, type 2 7660 (3.17) | 618 205 (0.86) | 32 (0.83)
(1.50)
Diabetes, unknown type 470(0.19) | 57(0.14) | 24 (0.10) 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

0 children aged 1 child aged 0-11 | 2 children aged 3 or more
Number of 0-11 0-11 children aged 0-
children aged 12 11
tol7in
household
0 aged 12-17 208714 (86.51) 29855 (72.47) 21470 (90.27) 3559 (92.44)
laged12to 17 24359 (10.10) 9521 (23.11) 2051 (8.62) 215 (5.58)
2aged12to 17 | 7596 (3.15) 1677 (4.07) 244 (1.03) 61 (1.58)
3+aged12to 17 | 597 (0.25) 145 (0.35) 18 (0.08) 15 (0.39)

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

0 children aged 1 child aged 0-11 | 2 children aged 3 or more
Number of adults | 0-11 0-11 children aged 0-
aged 18 or older 11
in household
1 aged 218 39395 (16.33) 5026 (12.20) 2041 (8.58) 365 (9.48)
2 aged 218 78980 (32.74) 23042 (55.93) 17499 (73.58) 3273 (85.01)
3+ aged 218 122891 (50.94) 13130 (31.87) 4243 (17.84) 212 (5.51)

Table S2c¢ Number of adults aged =18 by number of young children and adults aged 65
to 74 in household

0 children aged 1 child aged 0-11 | 2 children aged 3 or more
Number of adults | 0-11 0-11 children aged 0-
aged 65to 74 in 11
household
0 aged 65-74 219469 (90.97) 39659 (96.26) 23208 (97.58) 3797 (98.62)
1 aged 65-74 17701 (7.34) 1310 (3.18) 509 (2.14) 43 (1.12)
2 aged 65-74 3925 (1.63) 229 (0.56) 66 (0.28) 10 (0.26)
3+ aged 65-74 171 (0.07) 0 0 0

Table S2d Number of adults aged >18 by number of young children and adults aged
75 or older in household

0 children aged 1 child aged 0-11 | 2 children aged 3 or more
Number of adults | 0-11 0-11 children aged 0-
aged 75 or older 11
in household
0 aged 275 231223 (95.84) 40226 (97.64) 23387 (98.33) 3817 (99.14)
1 aged 275 8290 (3.44) 827 (2.01) 361 (1.52) 17 (0.44)
2 aged 275 1674 (0.69) 145 (0.35) 35 (0.15) 16 (0.42)
3+ aged 275 79 (0.03) 0 0 0



https://doi.org/10.1101/2020.09.21.20196428
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.09.21.20196428; this version posted September 22, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Table S3 Risk and hazard ratios for COVID-19 requiring hospitalisation
for adults living in patient-facing healthcare worker households™ by
number of young children in household.

0 1 child | 2 children | 3 or more | Per
children | aged 0- | aged 0-11 | children child
aged O- 11 aged 0-11
11
Events 252 36 13 1 -
N 137697 25461 15485 2627 -
Risk per 10,000 18.3 14.1 8.4 3.8 -
Unadjusted 1 0.78 0.44 0.21 0.69
(0.55- (0.26- (0.03-1.53) | (0.57-
1.12) 0.76) 0.84)
Model 1 1 0.90 0.52 0.26 0.76
(0.63- (0.30- (0.04-1.85) | (0.62-
1.29) 0.91) 0.92)
Model 2 1 0.95 0.59 0.29 0.80
(0.66- (0.33- (0.04-2.03) | (0.65-
1.36) 1.03) 0.97)
Model 3 1 0.96 0.59 0.29 0.80
(0.67- (0.34- (0.04-2.05) | (0.66-
1.38) 1.04) 0.98)
Model 4 1 1.00 0.64 0.32 0.83
(0.69- (0.36- (0.05-2.27) | (0.68-
1.44) 1.13) 1.02)

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.


https://doi.org/10.1101/2020.09.21.20196428
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.09.21.20196428; this version posted September 22, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

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

Per child Per child Per child Per adult
aged0to 4 aged 5to 11 aged 12 to 17 aged 18 or above
Unadjusted 0.59 (0.41-0.84) 0.79 (0.65-0.97) 1.01 (0.81-1.25) 0.95 (0.87-1.03)
Model 1 0.79 (0.56-1.13) 0.85 (0.69-1.05) 1.00 (0.81-1.24) 0.97 (0.89-1.06)
Model 2 0.80 (0.56-1.14) 0.87 (0.71-1.08) 1.02 (0.82-1.27) 1.04 (0.94-1.13)
Model 3 0.81(0.57-1.15) 0.88 (0.71-1.09) 1.03 (0.83-1.27) 1.04 (0.95-1.14)
Model 4 0.84 (0.59-1.20) 0.91 (0.73-1.12) 1.04 (0.84-1.29) 1.03 (0.94-1.13)

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 1 child 2 children 3 or more Per child
aged 0-11 aged 0-11 | aged 0-11 children aged 0-
11
N adults with 83 11 3 0 -
severe COVID-19
Total N adults 241266 41198 23783 3850 -
Risk per 10,000 34 2.7 1.3 0.0 -
Unadjusted 1 0.78 (0.42- | 0.37 (0.12- <0.01 0.65
1.46) 1.18) (0.44-
0.95)
Model 1 1 1.30(0.69- | 0.75 (0.24- <0.01 0.94
2.46) 2.36) (0.66-
1.34)
Model 2 1 1.35(0.72- | 0.75(0.23- <0.01 0.94
2.52) 2.38) (0.67-
1.34)
Model 3 1 1.39(0.74- | 0.73 (0.23- <0.01 0.93
2.60) 2.38) (0.66-
1.31)
Model 4 1 1.44 (0.77- | 0.80 (0.24- <0.01 0.99
2.71) 2.60) (0.69-
1.40)

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 Per child Per adult
aged 0to 5 aged 6to 11 aged 12to 17 aged 18 or above
Unadjusted | 0.41(0.14-1.20) 0.78 (0.51-1.19) 0.62 (0.36-1.08) 1.23 (1.05-1.45)
Model 1 0.75 (0.27-2.05) 1.02 (0.67-1.54) 0.68 (0.39-1.17) 1.22 (1.02-1.46)
Model 2 0.70 (0.25-1.95) 1.06 (0.71-1.57) 0.68 (0.39-1.17) 1.22 (1.01-1.48)
Model 3 0.67 (0.24-1.87) 1.05 (0.71-1.56) 0.68 (0.39-1.17) 1.23(1.02-1.48)
Model 4 0.72 (0.27-1.96) 1.11 (0.74-1.66) 0.68 (0.40-1.18) 1.23 (1.02-1.48)

Model specification and covariates as per footnote of Table 4.
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