
Household Transmission and Clinical Features of SARS-CoV-2 
Infections

Huong Q. McLean, PhD, MPHa, Carlos G. Grijalva, MD, MPHb, Kayla E. Hanson, MPHa, 
Yuwei G. Zhu, MD, MSb, Jessica E. Deyoe, MPHc, Jennifer K. Meece, PhDa, Natasha B. 
Halasa, MD, MPHb, James D. Chappell, MD, PhDb, Alexandra Mellis, PhDc, Carrie Reed, 
DScc, Edward A. Belongia, MDa, H. Keipp Talbot, MD, MPHb, Melissa A. Rolfes, PhDc

aMarshfield Clinic Research Institute, Marshfield, Wisconsin

bVanderbilt University Medical Center, Nashville, Tennessee

cCenters for Disease Control and Prevention, Atlanta, Georgia

Abstract

OBJECTIVES.—Examine age differences in SARS-CoV-2 transmission risk from primary cases 

and infection risk among household contacts, and symptoms among those with SARS-CoV-2 

infection.

METHODS.—People with SARS-CoV-2 infection in Nashville, Tennessee and central and 

western Wisconsin and their household contacts were followed daily for 14 days to ascertain 

symptoms and secondary transmission events. Households were enrolled between April 2020 

and April 2021. Secondary infection risks (SIR) by age of the primary case and contacts were 

estimated using generalized estimating equations.
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RESULTS.—The 226 primary cases were followed by 198 (49%) secondary SARS-CoV-2 

infections among 404 household contacts. Age group-specific SIR among contacts ranged from 

36% to 53%, with no differences by age. SIR was lower from primary cases aged 12–17 years 

than from primary cases 18–49 years (risk ratio [RR] 0.42; 95% confidence interval [CI] 0.19–

0.91). SIR was 55% and 45%, respectively, among primary case-contact pairs in the same versus 

different age group (RR 1.47; 95% CI 0.98–2.22). SIR was highest among primary case-contacts 

pairs aged ≥65 years (76%) and 5–11 years (69%). Among secondary SARS-CoV-2 infections, 

19% were asymptomatic; there was no difference in the frequency of asymptomatic infections by 

age group.

CONCLUSIONS.—Both children and adults can transmit and are susceptible to SARS-CoV-2 

infection. SIR did not vary by age, but further research is needed to understand age-related 

differences in probability of transmission from primary cases by age.

Article Summary

Through systematic follow-up of household contacts, this study examines secondary infection risk 

and symptoms among children and adults of all ages.

BACKGROUND

While some studies suggest children are less susceptible to SARS-CoV-2 infection than 

adults,1–4 other studies of household or other close contacts have found similar secondary 

SARS-CoV-2 infection rates among children and adults.5,6 Variation in mixing patterns, and 

likelihood of exposure and detection (contact tracing and testing practices) may contribute 

to reported differences in children versus adults.2,7 Most prior reports on SARS-CoV-2 

infection in children utilized surveillance or contact tracing data, and were conducted 

early in the course of the pandemic. During that time, children were largely protected 

from community exposures due to non-pharmaceutical interventions, including closure of 

businesses and schools. Furthermore, many of those early studies were conducted in Asia, 

where prevention efforts and age-related interactions likely differed from those in the United 

States (US).1–3

Children tend to have less severe illness than adults,8–11 but the spectrum of illness 

and SARS-CoV-2 transmission risk have not been fully characterized among children in 

US households. Additionally, COVID-19 cases and COVID-19-associated hospitalizations 

among children have increased significantly as the Delta variant became the predominant 

circulating strain.12,13 Greater understanding of age-related differences in susceptibility, 

transmission risk, and illness characteristics, particularly in children, is needed to guide 

public health recommendations on prevention of transmission and inform plans for in-person 

school attendance.

We previously reported on SARS-CoV-2 transmission from a prospective study of US 

households.14 We extended those results and examined age differences in SARS-CoV-2 

transmission risk from primary cases and infection risk among household contacts. We also 

assessed age-specific differences in symptoms and illness duration among secondary cases.
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METHODS

Design, setting, and participants.

This analysis used data from a prospective case-ascertained household SARS-CoV-2 

transmission study conducted in Tennessee and Wisconsin between April 21, 2020 and 

April 30, 2021.14,15 Persons with laboratory-confirmed SARS-CoV-2 infection (index 

cases) were identified from SARS-CoV-2 clinical real-time reverse transcription polymerase 

chain reaction (rRT-PCR) tests conducted at Vanderbilt University Medical Center 

(VUMC; Nashville, Tennessee) and Marshfield Clinic Health System (MCHS; Marshfield, 

Wisconsin). VUMC is a large healthcare provider system serving patients from Tennessee 

and the Mid-South US. MCHS is a large community-based, multispecialty healthcare system 

serving predominantly rural populations in central, northern, and western Wisconsin. For 

this study, we enrolled patients presenting to VUMC walk-in-clinics that operate within 

Davidson County and surrounding areas and MCHS locations in central and western 

Wisconsin. Most schools in the study area were closed to in-person attendance in Spring 

2020. In Fall 2020, some schools (public and private in Wisconsin and private in Tennessee) 

were open for full-time in-person attendance or had hybrid modalities (combination of in-

person/remote attendance). SARS-CoV-2 testing capacity at both sites varied throughout the 

study period. Testing was limited in Spring 2020, increased by Summer 2020, with return 

times for results taking longer during periods with high level of community transmission. By 

Fall 2020, SARS-CoV-2 testing services were readily available with rapid return of results.16

Index cases (i.e., first person in the household identified with positive rRT-PCR SARS-

CoV-2 result) and their household contacts were followed daily for 14 days to ascertain 

symptoms and secondary transmission events. Households were eligible if the index case 

had symptom onset <7 days before enrollment and there was ≥1 other household member 

without symptoms at the time of the index case’s illness onset. The primary case was the 

person with laboratory-confirmed SARS-CoV-2 infection in the household with the earliest 

illness onset date (or date of positive SARS-CoV-2 sample, if asymptomatic). Co-primary 

cases were household members positive for SARS-CoV-2 with illness onset or first positive 

SARS-CoV-2 sample within 2 days after illness onset in the primary case.

Data and sample collection.

Data were primarily collected through self- or parent-administered paper (Wisconsin) 

or web-based surveys (Tennessee) (supplemental material); some data were obtained 

through interviews with participants. At enrollment, the survey assessed demographic and 

household characteristics, pre-existing medical conditions, occupational risk (e.g., employed 

in healthcare setting or customer service), symptoms prior to enrollment, and type and 

frequency of interactions with other household members. During the 14-day follow-up 

period, participants were asked about current symptoms and provided a (self- or parent-

collected) respiratory (anterior nasal) and/or saliva sample for SARS-CoV-2 rRT-PCR 

testing every day regardless of symptoms. Symptoms assessed included: constitutional 

(chills, fatigue or feeling run down, fever or feverishness, muscle or body aches), upper 

respiratory (nasal congestion, runny nose, sore throat), lower respiratory (chest tightness or 

pain, cough, trouble breathing or shortness of breath, wheezing), neurologic (headache, 
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loss of taste or smell), and gastrointestinal (abdominal pain, diarrhea, vomiting). All 

participants were asked about all symptoms except gastrointestinal, which was only included 

in Wisconsin.

Laboratory.

Respiratory and saliva samples were tested using Center for Disease Control and Prevention 

(CDC), Quidel Lyra, or ThermoFisher TaqPath SARS-CoV-2 rRT-PCR assays and protocols 

at MCHS’ Research Institute or VUMC.17–19

Analysis.

Participants were grouped by age reflecting potential exposure risk and behavioral 

characteristics: preschool-aged (0–4 years), primary school-aged (5–11 years), secondary 

school-aged (12–17 years), young adults (18–49 years), middle-aged adults (50–64 years), 

and older adults (≥65 years).

Differences among age groups were assessed using Chi-square test or Kruskal-Wallis test, 

where appropriate. Secondary SARS-CoV-2 infections were defined as household contacts 

with ≥1 rRT-PCR positive sample (respiratory or saliva) with illness onset or first positive 

sample date within 14 days after the illness onset (or date of first positive sample, if 

asymptomatic) in the primary case. We estimated secondary infection risks (SIR) 1) by age 

of the primary case to assess transmission risk (the probability of transmission from the 

primary case to contacts), 2) by age of the contacts to assess infection risk (the probability 

of infection among contacts), 3) by age of the primary case and age of the contacts, and 4) 

by whether the primary case and contact were in the same or different age group. SIRs were 

estimated using a generalized estimating equations (GEE) log-binomial model that included 

covariates for age of the primary case, age of the contacts, and whether the primary case 

and contact were in the same age group, accounting for household clustering. Risk ratios 

(RR) and 95% confidence intervals (CI) were used to compare SIR in each primary and 

contact age group versus age 18–49 years (referent) and same versus different age groups. 

Contacts who had received COVID-19 vaccine before enrollment, illness onset >10 days 

before enrollment (as infections may have become undetectable), illness onset before the 

primary case without laboratory-confirmed SARS-CoV-2 infection, or <6 follow-up days 

with survey data or <6 follow-up days with samples with rRT-PCR results were excluded. 

Households with ≥1 co-primary cases, vaccinated primary case, or had no remaining eligible 

household contacts were excluded.

We assessed frequency, sequence, and duration of symptoms by age group among 

participants with SARS-CoV-2 infection whose illness onset or first positive sample 

(if asymptomatic) occurred after study enrollment. Associations between age group and 

presence of specific categories of symptoms were assessed using logistic regression models. 

Odds ratios (OR) and 95% CI were used to compare odds of symptoms in each age group 

versus age 18–49 years (referent). Neurologic symptoms were not assessed in children 

aged 0–4 years, as these symptoms are difficult to ascertain in young children. Analysis of 

symptom duration and interval (in days) between symptom onset and first positive sample 
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was restricted to symptomatic infections. Analyses were performed using SAS 9.4 (SAS 

Institute Inc., Cary, NC).

The study protocol was approved by Institutional Review Boards at VUMC and MCHS. 

CDC determined this activity was conducted consistent with applicable federal law and 

CDC policy (see 45 C.F.R. part 46; 21 C.F.R. part 56).

RESULTS

Participant characteristics.

From April 2020 through April 2021, 302 index cases and their 577 household members 

were enrolled. The index case was the primary case for 96% of households. The primary 

analysis included 226 of 302 (75%) households with 404 contacts. Reasons for exclusion are 

shown in Fig 1.

The majority of primary cases were non-Hispanic White young adults with a preponderance 

of females (Table 1). Median age was 37 years (range: 1–76 years). An underlying medical 

condition was reported by 81 (36%), of whom 29 (36%) had asthma. Among adults, 

20% reported working in a healthcare setting and had regular face-to-face contact with 

sick people and 19% in customer service with regular face-to-face contact with people. 

Most primary cases (83%) lived in a single-family home with mean of 3.2 bedrooms and 

3.3 members. Among those who reported on interactions with other household members, 

interactions decreased from the day before illness onset to the day before enrollment; 73% 

reported physical contact with ≥1 other household member the day before illness onset 

versus 38% the day before enrollment (Table 1). Masking when interacting with other 

members was uncommon before illness onset (6%) and 26% reported mask use the day 

before enrollment.

Children aged 0–4 years and adults aged ≥65 years represented a minority (5% and 6%, 

respectively) of household contacts (Table 2). Other characteristics were similar to those 

reported among primary cases.

Transmission from primary cases and infection among contacts.

The 226 primary cases were followed by 198 (49%) SARS-CoV-2 infections among 404 

household contacts. At least one contact was infected in 58% (130 of 226) of households. 

Estimated SIR ranged from 26% among contacts of primary cases aged 12–17 years to 76% 

among contacts of primary cases aged ≥65 years (Fig 2). Compared to when the primary 

case was aged 18–49 years, SIR in household contacts was significantly lower when the 

primary case was aged 12–17 years (RR 0.42; 95% CI 0.19–0.91), and not significantly 

different for all other primary case age groups. There were no significant differences in 

estimated SIR by age of the contacts (Fig 2). SIR ranged from 36% among contacts aged 

≥65 years to 53% among contacts aged 5–11 years.

Overall, estimated SIR was higher when primary case-contact pairs were in the same versus 

different age groups (55% versus 45%, RR 1.47; 95% CI 0.98–2.22; Fig 2). SIR was highest 

among primary case-contacts pairs aged ≥65 years (76%) and 5–11 years (69%). Within 
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each primary case age group, SIR was generally lowest among contacts aged ≥65 years 

(Fig 3). However, CIs were wide for all primary case-contact age group combinations, 

particularly those aged <12 years.

Symptoms among contacts with SARS-CoV-2 infection.

Among 186 contacts with SARS-CoV-2 infection with symptom onset or first positive 

rRT-PCR result after enrollment, 96% completed symptom surveys on ≥13 days of 

follow-up (Table 3). Most (81%) reported ≥1 symptoms and 19% reported no symptoms 

(asymptomatic) (Fig 4). There were no differences in asymptomatic infections by age group 

(ranging from 12% among those aged 50–64 years to 27% among those aged 5–11 years). 

Among the 150 symptomatic infections, 46% were rRT-PCR positive (from nasal or saliva 

sample) before symptom onset. Median days from first positive viral detection to symptom 

onset was 2 (interquartile range [IQR] 1–3) and did not differ by age group (P=0.90). 

Median number of days with a positive rRT-PCR result (from nasal samples) during follow-

up was 8 (IQR 4–11); however, 34% continued to be positive on the last day of follow-up.

Among infected children, the most commonly reported symptoms were upper respiratory 

symptoms (88% aged 0–4 years, 62% aged 5–11 years, and 77% aged 12–17 years; Fig 

4). Lower respiratory symptoms were reported by 68% (28 of 41) of adults aged ≥50 

years (76% aged 50–64 years, 56% aged ≥65 years). Gastrointestinal symptoms were less 

common than other symptoms (40%) and not typically reported on the day of illness onset, 

but was commonly reported in children aged 5–11 years (50%) and adults aged 18–49 years 

(60%). Frequency and duration of individual symptoms are shown in Supplemental Fig.

Median duration of any symptom was 8 days (IQR 3–11) and did not differ by age group; 

34% reported symptoms on the last day of follow-up and thus their symptom duration 

was foreshortened. However, median duration of constitutional symptoms was significantly 

different and increased with age, from 2 days in younger children (age <12 years) to 9 days 

in adults aged ≥65 years (P=0.03). Median duration of neurologic symptoms was ≤4 days 

for all age groups except adults aged 50–64 years, where median of 10 days was observed 

(P=0.002).

DISCUSSION

This prospective study examined the association of age with household transmission of 

SARS-CoV-2, addressing both age of the primary case (transmission risk) and ages of 

household contacts (susceptibility). With frequent and systematic testing among household 

contacts, we found much higher infection risks among household contacts than prior studies, 

similar rates of infection among child and adult household contacts, and some nuanced 

differences in transmission from specific age groups. However, transmission to household 

contacts was observed from primary cases in all age groups.

There is considerable heterogeneity in the literature on transmission from and susceptibility 

of children to SARS-CoV-2. Our finding of similar infection risk across age groups is 

consistent with larger investigations of reported cases from Spain,20 China,6 and Brunei21 

and other household transmission studies conducted in the US.22 However, several studies 

McLean et al. Page 6

Pediatrics. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have reported that children had reduced susceptibility to SARS-CoV-2 infection23–26 and 

one found higher risk in children compared with young adults.27 Difference in methods for 

ascertaining and detecting SARS-CoV-2 infection among household contacts may account 

for some of the differences between studies. Infrequent or delayed testing, or limited testing 

of asymptomatic/mildly-symptomatic individuals could contribute to underestimation of 

SARS-CoV-2 infections and may differentially impact infection risk measurements among 

children, thus biasing the association between age and susceptibility and transmission.

Additionally, some prior studies did not disaggregate age into finer age groups, analyzing all 

children aged <18 years together,5,9,22,26,28–31 which may obscure biological or behavioral 

characteristics that vary by age. We categorized our study participants into six age groups, 

roughly aligned with US groupings in school (preschool, primary school, and secondary 

school) and adulthood periods (young, middle-aged, and older adults). In doing so, we found 

that transmission risk was highest from primary cases aged ≥65 years and lowest from 

primary cases aged 12–17 years. Studies from Ontario and Denmark also found transmission 

risk in children was highest among the youngest and lowest in adolescents.32,33 Age-specific 

differences in behavior likely contributed to lower transmission from adolescents relative to 

younger, less autonomous, children.

Other studies have also identified somewhat increased transmission risk among contacts 

of similar age, and this may have implications beyond the household.33,34 Transmission 

patterns may be influenced by assortative mixing, where similar aged people interact more 

with each other than with different aged people.35,36 These findings may inform planning for 

school-based countermeasures to reduce transmission risk within and between classrooms. 

However, further investigation is needed to better understand how behaviors and interactions 

differ by age, during periods of illness, and whether those differences are associated with 

risk of transmission in both the household and school settings.

In this study and others,1 young children aged <12 years were rarely identified as the 

primary case of SARS-CoV-2 infection in households. However, when a young child was the 

primary case, we saw that they transmitted infection to >37% of their household contacts, 

including adults, and their probability of transmission in the household setting was not 

significantly different than transmission from young adults. Similar rates of transmissibility 

between children and adults were also found in studies conducted in China and South 

Korea,23,37 though small sample size in young children also limited those studies.

The frequency and duration of symptoms were similar across age groups among those 

who were infected in our study. Clinical data from non-hospitalized infected children are 

limited, with few studies directly comparing symptoms of children and adults.5,22,38,39 

There were no significant differences in the frequency of asymptomatic infections between 

children and adults. The overall percentage of infected participants reporting no symptoms 

is generally consistent with the 20% estimated in a recent review and meta-analysis.40 

Additional studies to better understand the frequency of asymptomatic infections by age 

and the role of asymptomatic infection and age in onward transmission in household and 

community settings are needed to inform public health recommendations.
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This study has several limitations. First, delayed identification of index cases prevented 

complete capture of transmission events. Participants may have become infected, but remain 

asymptomatic, between the time the index case was tested and study enrollment. Thus, 

duration of positivity and symptoms captured during the enrollment period may be subject to 

both right and left censoring and may be an underestimate. Second, we assumed secondary 

infections among contacts resulted from household exposure rather than community 

transmission. Ongoing exposure from the community may lead to an overestimation of 

transmission in household settings, especially among age groups more likely to be exposed 

outside the household. Although patients were instructed to isolate at home or quarantine 

while waiting for results,41 compliance may have declined as the pandemic progressed. 

Third, we did not account for reported interactions between the primary case and contacts 

before and during illness in the primary case. While physical contact between the primary 

case and household contacts was common, mask use by the primary case was not common 

before or after illness onset. Differences in age-related interactions may explain or help 

clarify associations between age and transmission events. Fourth, the study population was 

racially homogenous with low household density; results may not be generalizable to more 

diverse populations or more crowded household settings. Fifth, small sample size limited 

the precision of estimates of SIR and our statistical power to detect true differences in 

transmission risk and symptom profiles by age. Specifically, <14% of primary cases were 

children. Finally, this study was conducted before widespread circulation of the Delta variant 

and transmission frequency may differ for the Delta or other new variants. Despite these 

limitations, the case-ascertained household study described provides much needed evidence 

regarding susceptibility to SARS-CoV-2 infection, as exposure within the household is 

well-defined and prolonged. Additionally, daily follow-up allowed us to assess symptoms 

throughout the course of illness.

We observed that both children and adults of all ages can transmit and are susceptible 

to SARS-CoV-2 infection. There were no significant differences in susceptibility to SARS-

CoV-2 by age group, from preschool-aged children through older adults. Further research is 

needed to understand age-related interactions and behaviors in households as it relates to the 

probability of transmission by age.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s Known on This Subject

There is considerable heterogeneity regarding reports on transmission from and 

susceptibility of children to SARS-CoV-2 relative to adults. Additionally, clinical data 

from non-hospitalized infected children are limited, with few studies reporting symptoms 

and testing systematically and frequently.

What This Study Adds

Both children and adults can transmit and are susceptible to SARS-CoV-2 infection. 

Susceptibility to SARS-CoV-2 was high and similar across all age groups in the 

household setting. There was no difference in frequency of asymptomatic infections 

between children and adults.
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Figure 1. 
Households and individuals enrolled in a prospective study of SARS-CoV-2 household 

transmission — Tennessee and Wisconsin, April 2020–April 2021
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Figure 2. 
Estimated transmission risk from the primary case and infection risk among household 

contacts by age — Prospective study of SARS-CoV-2 household transmission, Tennessee 

and Wisconsin, April 2020–April 2021. Secondary infection risks and risk ratios estimated 

by using generalized estimating equations, accounting for clustering among household 

members

McLean et al. Page 14

Pediatrics. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Estimated secondary infection risk by age of the primary case and age of the household 

contacts — Prospective study of SARS-CoV-2 household transmission, Tennessee and 

Wisconsin, April 2020–April 2021
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Figure 4. 
Reported symptoms, timing, and duration of symptoms by age group among persons with 

SARS-CoV-2 infection in a prospective study of SARS-CoV-2 household transmission — 

Tennessee and Wisconsin, April 2020–April 2021
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