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Summary: Almost one quarter of multi-person households with a primary infection had secondary cases within
the same household. We found no association between household transmission of severe acute respiratory
syndrome coronavirus 2 and Coronavirus disease 2019 severity



Abstract

Background Households are high-risk settings for the transmission of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Severity of Coronavirus disease 2019 (COVID-19) is likely associated with the
infectious dose of SARS-CoV-2 exposure. We therefore aimed to assess the association between SARS-CoV-2

exposure within households and COVID-19 severity.

Methods We performed a Danish nationwide register-based cohort study including laboratory-confirmed
SARS-CoV-2 infected individuals from 22 February to 6 October 2020. Household exposure to SARS-CoV-2
was defined as having one individual tested positive for SARS-CoV-2 within the household. Cox proportional-
hazards models were used to estimate the association between ‘critical COVID-19’ within and between

households with and without secondary cases.

Results From 15,063 multi-person households, 19,773 SARS-CoV-2 positive individuals were included;
11,632 were categorized as index cases without any secondary household cases, 3,431 as index cases with
secondary cases, i.e. 22.8% of multi-person households, and 4,710 as secondary cases. ‘Critical COVID-19’
occurred in 2.9 % of index cases living with no secondary cases, 4.9 % of index cases with secondary cases, and
1.3 % of secondary cases. The adjusted hazard ratio for ‘critical COVID-19” among index cases versus
secondary cases within the same household was 2.50 (95%CI1=1.88-3.34), 2.27 (95%CI=1.77-2.93) for index
cases in households with no secondary cases versus secondary cases, and 1.1 (95%CI1=0.93-1.30) for index

cases with secondary cases versus index cases without secondary cases.

Conclusion We found no increased hazard ratio of ‘critical COVID-19’ among household members of infected

SARS-CoV-2-index cases.
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Introduction

The severity of Coronavirus disease 2019 (COVID-19) infection is likely associated with the infectious dose of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) one is exposed to. This is true for measles,
chickenpox, and polio, where it has been shown that continuous exposure through infected household members
can result in more severe disease in subsequently infected family members.'® One study found that high viral
loads of SARS-CoV-2 detected from patient respiratory tracts were positively associated with severe lung
disease and suggests that high viral load is a possible predictor of disease severity.* This raises the question of
whether continuous exposure to SARS-CoV-2 may lead to a high viral load and increased disease severity

making household transmission a risk factor.

A Singaporean study of close contacts (household, work and social) of 1,114 polymerase chain reaction (PCR)
confirmed index cases found a higher secondary attack rate among household contacts than among work and
social contacts.” Furthermore, a higher risk of becoming infected with SARS-CoV-2 within households was
present if the index case was symptomatic rather than asymptomatic.® Although, infected individuals are also
capable of transmitting the SARS-CoV-2 prior to symptom onset and without the develop of symptoms.® A U.S.
prospective study reported that household transmission of SARS-CoV-2 is high, suggesting that households are
high-risk exposure areas.” In addition, a Swedish observational cohort study reported that COVID-19 deaths
among adults aged 70 or older was increased by 60% if they lived with a household member younger than 66
years compared to living with a household member older than 65. ® This suggests that isolation at home with

younger household members confers a considerable risk of exposure.?

The COVID-19 pandemic has become a rapidly evolving public health crisis, which by the end of December
2020 has led to well over 1.5 million deaths worldwide.? Many countries, including Denmark, are now facing a
second surge, with the number of daily COVID-19 cases shattering previous records and an increasing positive
test rate.”'° It has become a key public health priority to identify potential groups at risk of severe COVID-19
infection in order to protect vulnerable individuals in the population, prevent overburdening of the healthcare

system, and reduce overall mortality.'* In order to lower transmission, health authorities advocate for self-



isolation as well as other precautionary measures. This can be a challenge considering that, across the world, the
average size of households is above 1.0.%? In addition, it remains unknown whether household transmission is

associated with COVID-19 severity.

We aimed to investigate the association between COVID-19 severity and continuous exposure to SARS-CoV-2

by a proxy measure of living in a household with other SARS-CoV-2 infected members.

Methods

Setting and data collection

This cohort study is based on Danish nationwide registries.*® The study population comprised all Danish
individuals in multi-person households (>1 person) tested positive for SARS-CoV-2 from 22 February 2020 to 6
October 2020 and their household members. All Danish residents receive a unique Civil Personal Registration
number, which can be used to facilitate linkage between all national administrative registers on an individual

level 241

Data on diagnostic SARS-CoV-2 test date and results were obtained from the Danish Microbiology
Database.’®'" Data regarding the date of birth, sex, ethnicity, place of residence, date of death, and number of
persons within the household was acquired from the Danish Civil Registration System.** Older adults living in
care homes are logged in the Danish Civil Registration System as living in one-persons households and were
therefore not included in the study. Data regarding in- and out-patient hospital contacts, diagnosis codes
according to the International Classification of Disease, 10th Revision (ICD-10)", and surgical procedure codes
according to the Danish version of the Nordic Medico-Statistical Committee Classification and Surgical

Procedures'® were obtained from the Danish National Patient Registry®.



Assessment of SARS-CoV-2 exposure and national test-strategy

Household exposure to SARS-CoV-2 was used as a proxy measure of continuous exposure to the virus and was
defined as having an index case in the household i.e. the first household member tested positive for SARS-CoV-

2.

Index cases were categorized as having a secondary case within the household or not (Figure 1). We defined
secondary cases as cases tested positive for SARS-CoV-2 within five weeks of the index case’s positive SARS-

CoV-2 test date to account for the incubation period and virus excretion after possible symptom onset.?"?

SARS-CoV-2 tests were performed by means of quantitative reverse-transcription polymerase chain reaction
(RT-PCR) of nasopharyngeal swab specimens and, for hospitalized patients with lower respiratory tract
symptoms, by tracheal suction. All patients hospitalized with symptoms of infection were routinely tested for

SARS-CoV-2.

Accessibility to testing varied over the study period, reflecting change in national test-strategy and available
testing capacity. Small numbers of COVID-19 tests were performed in Denmark from 28 January 2020 to 11
March 2020, mostly limited to individuals returning from countries with detected SARS-CoV-2.® The first
positive test was reported on 27 February 2020.% On 12 March 2020, testing criteria were broadened to include
patients with moderate to severe symptoms in need of hospitalization and specific risk groups.? Patients with
mild symptoms of COVID-19 were ordered to self-quarantine at home without a test. From 1 April 2020, all
patients with symptoms of COVID-19 could be sent for testing®, and, since 19 May 2020, test capacity was

extended to an open testing of all individuals, asymptomatic individuals included.?

Assessment of covariates

Comorbidity was defined as a medical history of myocardial infarction, heart failure, hypertension, atrial
fibrillation, stroke, peripheral artery disease, diabetes mellitus, chronic obstructive pulmonary disease, cancer,
rheumatic disease, or chronic renal disease according to the Charlson Comorbidity Index within 10 years before
the end of the study period.? Ethnicity was categorized into three groups; Danish, immigrant (born abroad by
non-Danish parents), and descendant (born in Denmark by non-Danish parents). Age was included as a

continuous variable.



Ascertainment of severe COVID-19 infection

COVID-19 severity was evaluated by a composite outcome ‘critical COVID-19” defined as the presence of one
or more of the following three criteria: 1. hospitalization with the diagnosis ‘Severe acute respiratory syndrome’
(ICD-10: B97.2A), a diagnosis given to individuals in need of hospitalization due to COVID-19 symptoms
regardless of required supplemental oxygen; 2. intensive care unit (ICU) admission identified by procedure
codes for intensive care observation or therapy (Danish procedure codes: NABE and NABB) or Mechanical
ventilation (Danish procedure codes: BGDA) within 30 days of the positive SARS-CoV-2 test date; and/or 3.

death within 30 days of the positive SARS-CoV-2 test date.

Statistical analyses

Characteristics of individuals are presented as counts with percentages and, additionally, as means for age

(Table 1). Baseline characteristics of individuals in the supplementary analyses are presented in Table S1-S3.

For the analyses, individuals were followed from positive SARS-CoV-2 test until outcome, death, or end of the
study period whatever came first. A Cox regression model was performed to estimate crude and adjusted hazard
ratios (HR) with 95% confidence intervals (CI) for ‘critical COVID-19” among: 1. index cases vs. secondary
cases within the same household; 2.index cases from households without secondary cases vs. secondary cases
across households, and; 3.<index cases with secondary cases vs. index cases without secondary cases across
households (Figure 2). We adjusted for the following potential confounders; sex, age, ethnicity and
comorbidities. Supplementary analyses (Figure 2) were performed by repeating the cox regression model with
the confounders described above with: 1) exclusion of adults aged 80 years or older; 2) restriction to the time
period from 22 February 2020 to 18 May 2020 - corresponding to the period with limited test access; and 3)
restriction to the time period from 19 May 2020 to 6 October 2020 - corresponding to the period with open test

access. All analyses were carried out as complete-case analyses and performed with R software version 3.6.1.%°



Patient and public involvement

No patients or members of the public were formally involved in the design, analysis, or interpretation of this
study. The findings of this study will be disseminated to the general public in a press release and through

seminars and conferences.

Results

From 15,063 multi-person households with infections, 19,773 SARS-CoV-2 positive individuals were included;
11,632 were categorized as index cases with no secondary household cases, 3,431 as index cases with secondary
household cases, and 4,710 as secondary cases, i.e. 22.8 % of multi-person households with an index case also
had at least one secondary case. Patient selection is shown in Figure S1. There were 98.9% complete cases after
exclusion of 349 individuals with missing data (place of residence) and 2,657 individuals where multi-
household members tested positive for SARS-CoV-2 on the same day and it was not possible to determine an
index case. The median time between the index case and subsequent cases within a household was three days

and the interquartile range was [2;5].

Study population characteristics

Of the 15,063 multi-person households, 45.5% had 3-4 members and 13.9% >4 members. Table 1 shows
baseline characteristics of the study population. Compared to index cases with and index cases without
secondary cases, secondary cases tended to be younger with a higher proportion of individuals under 19 years of
age, were more often descendants, and came predominantly from households with three or more members.
Furthermore, 71.0 % of secondary cases were tested and identified during the open test period. Index cases with
secondary cases were characterized by a high proportion of immigrants and belonging to the age-interval 40 to
79 years of age. Moreover, they were more likely to have comorbidities. Of note, index cases with secondary
cases had the highest mortality rate and incidences of both ICU admissions and hospitalizations with ‘Severe
acute respiratory syndrome’ (ICD-10: B97.2A), which remained after exclusion of individuals 80 years or above
and in both testing periods (Table S1-S3). Index cases with no secondary cases made up the largest sub-cohort

and were characterised by Danish ethnicity and living in households with two to four members.



The population that tested positive in the early limited test period (Table S2) was characterized by a general
higher proportion of females, the presence of comorbidities, and Danish ethnicity. Furthermore, almost 25%
were aged 60 or above. Characteristics of the population that tested positive in the open test period (Table S3)
included lower incidences of comorbidities, ICU admissions, and mortality rates. Compared to the limited test

period, the proportion of descendants was more than double in the open period (Table S3).

Association between continuous SARS-CoV-2 exposure and critical COVID-19

‘Critical COVID-19’ occurred in 2.9 % of index cases living with no secondary cases, 4.9 % of index cases

living with secondary cases, and 1.3 % of secondary cases (Table 1).

Figure 2 and Table S4 summarize crude and adjusted HR for “critical COVID-19> among index cases with and
without secondary cases vs. secondary cases (analysis 1 and 2) and among index cases with vs. without
secondary cases across households (analysis 3). Overall, both index cases with and without secondary cases had
increased adjusted HRs for ‘critical COVID-19’ compared to secondary cases within and across households,
except in the open test period where test capacity was extended to all individuals in Denmark. The adjusted HRs
for index cases with secondary cases compared to secondary cases was highest in the main crude and in the
analysis during the limited test period. In contrast, the latter analysis had a less pronounced adjusted HR when
index cases without secondary cases were compared with secondary cases. In the analyses among index cases
with versus without secondary cases across households, the only significant result was an increased adjusted HR

during the limited test period.

Discussion

This cohort study reveals that the presence of SARS-CoV-2 positive individuals within households did not pose
a higher risk of “critical COVID-19’ infection among subsequently infected household members. Our findings
are in contrast to the increased risk of severe infection and household exposure to measles, chickenpox, and
polio.”® Likewise, no association between household transmission and increased risk of critical infection with

SARS-CoV-1 or Middle East Respiratory Syndrome has, to the best of our knowledge, been described.



Our results reflect the national test strategy with different access to testing across time. The most pronounced
findings were in the limited test period, where only high-risk groups more likely to become severely ill had
access to testing. This is supported by our findings of a higher proportion of older adults and individuals with
comorbidities during the limited test period. Contrariwise, no significant results were found in the open test
period with broad access, and is probably more representative of the general Danish population. Of secondary
cases, 71% were tested in the open period. Thus, results of the limited test period might be confounded by
indication due to the restricted test capacity and hence an unknown number of unidentified COVID-19 positive
individuals. Antibody serology among routine blood donors from 6 April 2020 to 3 May 2020 suggests that 0.8-
2.3% of the Danish population had developed antibodies by then, with a ratio of expected seropositive to PCR-

confirmed cases of between 7 and 20.

Our percentage of multi-person households with more than one confirmed SARS-CoV-2 case (22.8%) is higher
than the secondary attack rate (16.6%) reported in a systematic review and meta-analysis including 54 studies.?
Likewise, our study had a higher percentage of PCR-positive secondary cases prompted by symptoms than the
13.7% of Singaporean household contact groups.® The Singaporean study had more households with >2
members compared to our study (77,4% vs 59.5%).> However, our confirmed SARS-CoV-2 cases also included
asymptomatic individuals. Furthermore, our households with secondary cases had a proportion of 34%
immigrants or descendants. Ethnic minorities have proven more vulnerable; they tend to live in smaller
dwellings with more people compared to ethnic Danes, often are care or healthcare workers or work in public

transport and may have difficulty understanding danish and thus have worse access to healthcare information.?

Fewer sub-outcomes of “critical COVID-19’ occurred in the open testing period (25 deaths vs. 176 deaths in the
restricted period), likely reflecting developments in COVID-19 treatments over time. In addition, the estimated
prevalence of COVID-19 in the general population seems to have remained at a stable low level between June
and the end of August, with cases only starting to rise again in September.'® Furthermore, the broader test
strategy is reflected in a fall in the percentage of positive tests in the open compared to the limited period, e.g. in
week 15 (6-12 April 2020), 7.2% of tests were positive with at most 6000 patients tested daily.*® Subsequent
mathematical modelling, based on the differences between positive tests in the general population (where test

numbers have also greatly increased) and routine tests upon hospitalization, indicate that since September there
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has been an increase in positive tests reflecting a higher incidence, although the outbreak until mid-October does
not yet seem to have reach the heights seen in April.* Overall, residual confounding as number of square meters
per household member, multigenerational contact in households and insufficient self-isolation cannot be ruled

out.

Strengths and limitations

Denmark has a long history of data collection on its citizens, providing a unique opportunity for a register-based
study.*® We were thus able to include a large nationwide cohort. The use of diagnostic and procedure codes to
identify individuals with ‘Severe acute respiratory syndrome’ (ICD-10: B97.2A) and admission to intensive care
was an efficient way of identifying individuals with increased disease severity. Of note, the diagnosis ‘Severe
acute respiratory syndrome’ (ICD-10: B97.2A)’ covers different severity levels. However, this should exclude
any COVID-19 positive individuals hospitalized for other unrelated reasons. Also, the use of three different
procedure codes for the identification of patients admitted to intensive care ensured that all relevant individuals
were identified. Our data was, however, dependent on correct and timely registration in the national database.
The database is updated monthly, and, therefore, did not include the latest COVID-19 cases or individuals that
not yet had developed critical infection or succumbed to the virus. Furthermore, individuals living in care homes
were not included due to lack of identification. If one considers a care home as a multi-person household, lack
of inclusion will likely have underestimated our results as the incidence of “critical COVID-19’ is probably

higher in this group.

One limitation of our study design is the assumption that individuals living in multi-person households were
tested in chronological order of infection. However, some household members could have had a shorter time of
symptom onset than others concurrently infected, others asymptomatic, leading to a misclassification of index
and secondary cases with possible underestimation of our results. Furthermore, we did not take into account the
possibility of family members choosing to isolate outside the home, which could have underestimated our
results regarding secondary attack rates. Also, a grade of selection bias is possible, since the possibility and
desire for testing was most likely based on the presence or absence of symptoms, and perhaps the severity of
infected household members. In addition, we are unaware of the performance of the swab test in individuals

with weak or no symptoms. Lower sensitivity and specificity in these individuals would result in false negative
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cases, resulting in both an underestimation of the number of infected individuals reported and, again, affect their
classification within the household set-ups used in this study. Lastly, this study had limitations related to the

observational nature which could be accommodated by a face-to-face epidemiological investigation.

Conclusion

In this study we found no increased hazard ratio of ‘critical COVID-19’ among household members of infected

SARS-CoV-2 index cases.
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Tables

Table 1. Characteristics of the study population

Characteristics Level Index cases Index cases  Secondary Total
without with cases (n=19773)
secondary cases secondary (n=4710)

(n=11632) cases
(n=3431)

Composite outcome of critical COVID-19 Yes 341 (2.9) 167 (4.9) 60 (1.3) 568 (2.9)

Death within 30 days Yes 127 (1.1) 59 (1.7) 15(0.3) 201 (1.0)

Intensive care unit admission (NABE, NAB, BGA) Yes 169 (1.5) 95 (2.8) 24 (0.5) 288 (1.5)

Severe acute respiratory syndrome (ICD-10: B97.2A) Yes 264 (2.3) 129 (3.8) 48 (1.0) 441 (2.2)

Time period of positive test* Limited test period 4,668 (40.1) 1,124 (32.8) 1,368 (29.0) 7,160 (36.2)

Open test period 6,964 (59.9) 2,307 (67.2) 3,342 (71.0) 12,613 (63.8)

Sex Female 6,350 (54.6) 1,767 (51.5) 2,474 (52.5) 10,591 (53.6)

Male 5,282 (45.4) 1,664 (48.5) 2,236 (47.5) 9,182 (46.4)
Age 0-18 1,647 (14.2) 356 (10.4) 1,456 (30.9) 3,459 (17.5)
19-39 4,037 (34.7) 933 (27.2) 1,067 (22.7) 6,037 (30.5)
40-59 4,142 (35.6) 1,436 (41.9) 1,483 (31.5) 7,061 (35.7)
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60-79 1,584 (13.6)

80-102 222 (1.9)
Mean 39.96
Ethnicity Danish 9,095 (78.2)
Immigrant 1,782 (15.3)
Descendant 755 (6.5)
Household members 2 4,807 (41.3)
3-4 5,325 (45.8)
>4 1500 (12.9)
Comorbidities cf. Charlson Comorbidity Index Yes 1428 (12.3)

595 (17.3)

111 (3.2)

44.65

2,309 (67.3)

858 (25.0)

264 (7.7)

1,302 (37.9)

1,535 (44.7)

594 (17.3)

558 (16.3)

609 (12.9)

95 (2.0)

35.87

3,062 (65.0)

943 (20.0)

705 (15.0)

1,302 (27.6)

2,217 (47.1)

1191 (25.3)

516 (11.0)

2,788 (14.1)

428(2.2)

39.80

14,466 (73.2)

3,583 (18.1)

1,724 (8.7)

7,411 (37.5)

9,077 (45.9)

3,285 (16.6)

2,502 (12.7)

*The ‘limited test period’ from 22 February 2020 to 18 May 2020 covers a period of SARS-CoV-2 test

accessibility for individuals at risk, while the ‘open test period” from 19 May 2020 to 6 October 2020 covers

SARS-CoV-2 test accessibility for all individuals in Denmark.
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Figure legends

Figure 1. Various types of SARS-CoV-2 positive household members.

Figure 2. Association between SARS-CoV-2 exposure and critical COVID-19 specified by hazard ratios

Sub-cohorts were categorized as index cases with secondary cases (n = 3,431), index cases without any secondary
household cases (n = 11,632), and secondary cases (n = 4,710). Table S4 shows the corresponding results in numbers.
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