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Abstract
This study aims to evaluate the prevalence of SARS-CoV-2 antibodies in locked-down family households to determine viral 
dynamics and immunity acquisition. COVID-19 individuals and their households in lockdown under the same roof during 
early spring 2020 were interviewed and tested using rapid immunochromatographic lateral flow antibodies assays (LFA) 
between July and September 2020. Outcomes were secondary infection rate (SIR) among contacts, household infection rate, 
and predictors of transmission. We enrolled 87 households including 87 COVID-19 index cases (female 78.2%; median 
age: 47.0 years, IQR: 42.0–51.5) and 255 contacts (males: 52.9%; median age: 19.0 years, IQR: 11.0–43.5) consisting of 
their children (42%) or spouses/partners (28.2%). A total of 95/255 contacts were SARS-CoV-2 antibody positive leading 
to a SIR of 37.3% (95% confidence interval (CI): 31.3–43.5%). Viral transmission was observed in 54 households (62%). 
SARS-CoV-2 infection was asymptomatic in 33/95 (34.7%) of SARS-CoV-2-positive contacts. Independent predictors of 
virus transmission from index to contacts were housing surface area < 60  m2 (OR: 5.6 [1.1; 28.2] and a four-member family 
compared to five (OR: 3.6 [1.2; 10.3]). Households represent a high-risk setting for SARS-CoV-2 transmission through close 
contact within the family amplified by the number of family members and the housing surface area.
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Introduction

The COVID-19 illness course is highly heterogeneous rang-
ing from asymptomatic, mild or moderate disease to severe 
disease with a potential for lethal acute respiratory distress 

syndrome [1–3]. As SARS-CoV-2 is spread mostly through 
close contact with infected people excreting the virus 
through infected respiratory droplets or saliva, crowded 
indoor environments and particularly households with sus-
tained close contact represent a particularly high-risk setting 
[4–6].

Household transmission studies for COVID-19 are key to 
understanding the dynamics of transmission and the factors 
associated with secondary transmission [1, 7].

Several studies of SARS-CoV-2 household transmission 
using RT-PCR detection assays have reported a secondary 
transmission rate ranging from 3.7 to 19% [7–13]. However, 
as the virus rapidly disappears from the respiratory tract 
within days in most infected individuals [14, 15], antibody 
detection may offer more opportunity to assess the extent of 
viral spread within households. Serological tests are positive 
within 5–14 days following infection, with seroconversion 
rates from 80 to 100% [15]. Like many countries during the 
first wave of the pandemic, France was in full lockdown 
including schools from March 16 to May 11, 2020, to reduce 

 * Christine Katlama 
 christine.katlama@aphp.fr

1 Department of Infectious Diseases, INSERM, Pierre 
Louis Epidemiology and Public Health Institute (iPLESP), 
AP-HP, Pitié-Salpêtrière Hospital, Sorbonne Université, 
16 75013 Paris, France

2 Service des Maladies Infectieuses et Tropicales, Hôpital 
Pitié-Salpêtrière, AP-HP 47-83 Boulevard de l’hôpital, 
75013 Paris, France

3 INSERM, Pierre Louis Epidemiology and Public Health 
Institute (iPLESP), Sorbonne Université, 75013 Paris, France

4 Department of Virology, INSERM, Pierre Louis 
Epidemiology and Public Health Institute (iPLESP), AP-HP, 
Pitié-Salpêtrière Hospital, Sorbonne Université, 75013 Paris, 
France

/ Published online: 8 January 2022

European Journal of Clinical Microbiology & Infectious Diseases (2022) 41:445–454

http://orcid.org/0000-0002-5093-4800
http://crossmark.crossref.org/dialog/?doi=10.1007/s10096-021-04345-9&domain=pdf


1 3

human mobility [16]. At that time, facial masks and testing 
were scarcely available in France for the general population 
and detection of SARS-CoV-2 by nasal PCR was limited 
mainly to hospitalized patients and healthcare workers.

We designed the FAMICOV study to assess the rate of 
transmission of SARS-CoV-2 in households with COVID-19 
cases with RT-PCR-confirmed COVID-19 during the first 
wave of the epidemic, using anti-SARS-CoV-2 antibody 
detection, and to determine potential risk factors associated 
with transmission.

Methods

Study design

The FAMICOV study (FAMily COVid-19) was designed 
as a cross-sectional, single-center seroprevalence study 
to assess transmission of SARS-CoV-2 virus in exposed 
contacts sharing residence with one adult individual with 
confirmed COVID-19 defined as presumed index case. The 
primary outcome was secondary infection transmission rate 
(SIR) within contacts detected by the presence of SARS-
CoV-2 antibodies between July and September 2020. Sec-
ondary outcomes included the proportion of households with 
at least one secondary transmission, the risk of transmission 
from one presumed index to their household contacts tested 
SARS-CoV-2 antibodies positive, the potential risk factors 
associated with transmission such as type of COVID-19 
symptoms, the nasopharyngeal cycle threshold (Ct) of RT-
PCR in the index case, and the household living conditions 
including lodging surface area, bedroom, and meal sharing.

Study population

Eligible households had to include one individual (presumed 
index case) with positive nasopharyngeal RT-PCR infection 
from March 20 to April 20, 2020, living under the same roof 
as at least 2 members older than 3 years of age. During this 
first wave COVID-19 period, although national guidelines 
recommended wearing facial masks, access to masks and 
tests were limited. All household contacts had to be avail-
able for antibody testing between July 3 and September 15, 
2020. Index cases were part of the cohort of individuals 
with COVID-19 followed on an outpatient basis, conducted 
at Pitié-Salpêtrière University Hospital (Paris, France). Eli-
gible households were contacted by phone or text message 
between June 25 and July 10. Index cases and all contact 
individuals sharing the same residence at the time of index 
disease who had given their consent to take part in the study 
were interviewed and tested for SARS-CoV-2 antibodies 
between early July and mid-September at the Outpatient 

Clinic of the Infectious Diseases Department at Pitié-Sal-
pêtrière Hospital.

The study period was limited to ensure that antibody test-
ing would be performed prior to a potential second wave of 
the epidemic that emerged in France in early October 2020.

Data were collected from index cases and contacts 
through a standardized questionnaire including demo-
graphics, underlying conditions, onset of symptoms, hous-
ing conditions, bedroom and meal sharing, and facial mask 
availability. All index cases had to have a proven COVID-
19 diagnosis attested by a positive RT-PCR nasopharyngeal 
swab.

Biological procedures

The Cobas® SARS-CoV-2 test (Roche), the RealStar® 
SARS-CoV-2 RT-PCR Kit 1.0 assay, and a real-time RT-
PCR [17] were used to detect SARS-CoV-2 RNA. Only the 
Roche Cobas® SARS-CoV-2 assay was used to assess semi-
quantification of the virus, considering the cycle threshold 
as a proxy for quantification to estimate viral load. Contact 
cases were adults or children above 3 years old, sharing the 
same household as an index case at the time of COVID-19 
diagnosis.

Each index case and all contact individuals were tested 
using the rapid immunochromatographic lateral flow assay 
(LFA) COVID-PRESTO manufactured by AAZ detecting 
total SARS-CoV-2 IgG, IgM, or both antibodies targeting 
the N-protein with a sensitivity of 78.4% and 92.0% and a 
specificity of 100% and 92% for IgM and IgG [18].Testing 
was performed by a research nurse under medical supervi-
sion in finger-prick-obtained capillary blood. In the event 
of a positive result, the index case and adult contacts were 
offered a confirmation plasma serology test. The presence of 
IgG antibodies against the nucleocapsid protein was meas-
ured and interpreted using commercially available chemilu-
minescent microparticle immunoassay (CMIA) kits accord-
ing to the manufacturer’s instructions (SARS-CoV-2 IgG, 
Architect, Abbott).

A positive contact was defined as a contact of an index 
case with presence of SARS-CoV-2 antibodies. A positive 
household was defined as a household with at least one con-
tact with SARS-CoV-2 antibodies whereas the absence of 
any positive contact defined a negative household.

Statistical analysis

No formal statistical hypothesis was predefined. The study 
aimed to explore household transmission of COVID-19. It 
was anticipated that 150 household index cases and 300 to 
450 household contacts could be recruited based on the num-
ber of individuals diagnosed with PCR COVID-19 in the 
hospital. With 300 to 450 household contacts, the precision 
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of the transmission rate will range from 2.8 to 5.2% for a 
transmission rate ranging from 10 to 30%. However, given 
the rising signs of a second wave, recruitment was stopped 
on September 16, 2020.

We summarized household environment characteristics, 
as well as demographic characteristics of index and house-
hold contact individuals. The comparisons between groups 
were tested using Fisher’s exact test or Pearson’s chi-squared 
test for categorical variables and the Mann–Whitney U test 
for continuous variables.

We estimated SIR as the proportion of participating 
household contacts with secondary infections. The 95% 
confidence interval (CI) for binomial distribution was con-
structed using the exact Clopper-Pearson method. We also 
estimated the probability of transmission in a household 
using a two-level (patient-level and household-level) hierar-
chical logistic regression model with random intercept, tak-
ing into account the variability at each level. Characteristics 
of household environments, index individuals, and house-
hold contacts were assessed as potential risk factors. We 
estimated unadjusted and adjusted odds ratios (OR) and 95% 
CI for potential risk factors of secondary infection among 
household contacts using a two-level hierarchical logistic 
regression model with random intercept. Variables with a 
univariable p-value below 0.20 were retained for the multi-
variable analysis.

All p-values are reported for two-tailed tests with a sig-
nificance threshold of 0.05. The analyses were performed 
with SAS® version 9.4 for Windows.

Ethics

Every adult household member provided informed consent 
to participate. For children less than 18 years, informed con-
sent was obtained from parents/guardians as well as assents 
from all children aged ≥ 12 years. This study was conducted 
in accordance with the Helsinki Declaration. The research 
was approved by an institutional review board (CPP Sud-Est 
V, Grenoble, France, #20-CREP-01) on June 11, 2020.

Results

Study population

Out of 189 households with index cases contacted between 
June 26 and July 10, 2020, 87 households were enrolled 
between June 27 and September 15. The remaining 102 
households either did not have the RT-PCR criteria (n = 46), 
did not respond (n = 32), or declined to participate because 
the whole household could not be available for testing during 
the study period (n = 24) which overlapped with the sum-
mer vacation period. The 87 analyzed households included 

87 index cases and 255 contacts with a median number of 
4.0 persons per household including the index case (IQR: 
3.0–4.0).

Characteristics of index and contact individuals are shown 
in Table 1. Residences were in Paris (33.3%) or the greater 
Paris area (66.7%) and consisted in apartments (64.4%) or 
houses (35.6%) of a median size of 90  m2 (IQR: 75–120). 
The median housing density was 4.1 individuals/100  m2. 
Facial masks were available in 56.3% of households. 

Index cases (Table 1)

The 87 index individuals were mainly female (78.2%) with 
a median age of 47.0 years, most of whom were healthcare 
workers (81%). Eleven (12.6%) had comorbidities (hyperten-
sion n = 10, overweight n = 3). Out of the 37/87 nasopharyn-
geal RT-PCR swabs assessed with the COBAS technique, 
the median CT value was 28.6 (IQR: 21.1–30.6). All index 
cases except one had symptomatic COVID-19 with mainly 
respiratory symptoms (72.4%); ear, nose, and throat (ENT) 
symptoms (72.4%); and digestive symptoms (43.7%). Nine 
patients (10.3%) were hospitalized for COVID-19. Overall, 
36.8% of index cases wore facial masks in the presence of 
contacts, 58% (n = 50/86) shared their bedroom mostly with 
spouses/partners (n = 47/50) whereas 36 of them (42%) had 
an individual room. Meals were taken separately from other 
household members for 34/86 (39.5%) of them.

Household contacts (Table 1)

The 255 household contacts were males (52.9%) and females 
(47.1%) of a median age of 19.0 years (IQR: 11.0–43.5), 
including children from 3 to 10  years (n = 58, 22.7%), 
11–17  years (n = 59; 23.1%), adults aged 18–40  years 
(n = 68, 26.7%), or > 40 years (n = 70; 27.5%). Contact indi-
viduals were children (65.1%) or spouses/partners (28.2%) 
of index cases. A majority (82.4%) of contacts did not wear 
masks in the presence of others, and shared meals at home 
(88.1%).

Secondary infection rate in contacts (Tables 2 and 3)

All 255 household contacts were tested either by rapid LFA 
tests, ELISA, or both assays for 179 (70.2%), 27 (10.6%), 
and 49 (19.2%) individuals, respectively. Median time from 
index positive PCR and antibody testing was 121 days 
(IQR: 107.0–146.5). Positive contacts tended to be older: 
20 years (IQR: 11.0–48.0) than negative ones: 18 years 
(IQR: 11.0–36.2, p = 0.098).

Overall, 95 of the 255 contacts had positive SARS-
CoV-2 antibodies leading to a secondary infection rate 
(SIR) of 37.3% (95% CI: 31.3–43.5%). Transmission rates 
were 34.5% (95% CI: 22.5–48.1%) in the 3–10-year-old 
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Table 1  Characteristics of household index and contact individuals

* The normalized RT-PCR Ct values are the RT-PCR Ct values divided by the time spent between symptoms onset and the date of RT-PCR

Index
n = 87

Contacts
n = 255

Age, years Median (IQR)
n (%)

47.0 (42.0–51.5) 19.0 (11.0–43.5)
3–10 years 58 (22.7%)
11–17 years 59 (23.1%)
18–40 years 19 (21.8%) 68 (26.7%)
41–50 years 43 (49.4%) 39 (15.3%)
 > 50 years 25 (28.7%) 31 (12.2%)

Gender n (%) Male 19 (21.8%) 135 (52.9%)
Female 68 (78.2%) 120 (47.1%)

Symptoms Median (IQR)
n (%)

86/87 (98.9%) 131/254 (51.6%)
Respiratory 63 (72.4%)
Ear, nose, and throat 63 (72.4%)
Digestive 38 (43.7%)
Other 5 (5.7%)

Time from symptom onset to
the date of PCR test (days)
N = 86

Median (IQR) 4.0 (2.0–7.0)

Time from PCR positive to serological test
(days)

Median (IQR) 100.0 (79.0–122.0)

RT-PCR, Ct value
N = 61

Median (IQR)
n (%)

28.6 (21.1–30.6)
 < 22 Ct 16 (26.2%)
22–32 Ct 31 (50.8%)
 > 32 Ct 14 (23.0%)

Normalized RT-PCR,
Ct values (Ct/days)*
N = 58

Median (IQR) 5.5 (3.3–9.5)

Relationship with index case n (%) Child 3–10 years 58 (22.8%)
Child 11–17 years 59 (23.1%)
Child 18–30 years 49 (19.2%)
Spouses 72 (28.2%)
Other adults 17 (6.7%)

Housing total surface,  m2

N = 87
Median (IQR) 90.0 (75.0–120.0)

 < 60  m2 6/85 (7.1%)
60–90  m2 39/85 (45.9%)
 > 90  m2 40/85 (47.1%)

Housing surface per subject,  m2 Median (IQR)
n (%)

22.7 (17.5–30.0)
 ≤ 15  m2 9 (10.4%)
16–25  m2 43 (49.4%)
 > 25  m2 35 (40.2%)

Total family members Median (IQR)
n (%)

4.0 (3.0–4.0)
3 members 30 (34.5%)
4 members 37 (42.5%)
5 members 16 (18.4%)
6 members 4 (4.6%)

Mask availability Yes 49 (56.3%)
No 38 (43.7%)
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group, 35.6% (95% CI: 23.6–49.1%) in the 11–17-year-old 
group, and 30.9% (95% CI: 18.3–45.4%) in the 18–40-year-
old group. The SIR was 43.1% (95% CI: 31.4–55.3%) in 
spouses/partners.

At least one secondary SARS-CoV-2 transmission 
occurred in 54 of the 87 households (62.1%, 95% CI: 
51.0–72.3%) (positive households) while 33 households 
(37.9%, 95% CI: 27.7–49.0%) remained free of transmis-
sion (negative households). In positive households, 87.0% 
of index cases were older than 40 years versus 63.6% in 
negative households (p = 0.016). Overall, the probability 

of SARS-CoV-2 transmission from index cases to contacts 
within a single household was 33.0% (95% CI: 23.8–43.9). 
Infection rate tends to be higher in case of smaller housing 
surface per individual (p = 0.063). Out of the 49 contacts 
with 2 antibody assays, 45 were positive using both tests and 
4 were negative in ELISA.

Symptoms in contact individuals (Table 2)

Out of the 255 contact individuals, 131 individu-
als (51.6%) reported symptoms at the time of index 

Table 2  Clinical characteristics of household contacts with positive versus negative SARS-CoV-2 antibodies

Positive serology 
household contacts
(N = 95)

Negative serology 
household contacts
(N = 160)

p value

Age, years Median (IQR)
n (%)

20.0 (11.0–48.0) 18.0 (11.0–36.2) 0.098
3–10 years 20 (21.1%) 38 (23.8%) 0.304
11–17 years 21 (22.1%) 38 (23.8%)
18–40 years 21 (22.1%) 47 (29.4%)
41–50 years 17 (17.9%) 22 (13.8%)
 > 50 years 16 (16.8%) 15 (9.4%)

Gender n (%) Female 50 (52.6%) 70 (43.8%) 0.195
Male 45 (47.4%) 90 (56.2%)

Relationship with index case n (%) Child 3–10 years 20 (21.1%) 38 (23.8%) 0.571
Child 11–17 years 21 (22.1%) 38 (23.8%)
Child 18–30 years 15 (15.8%) 34 (21.3%)
Spouse 31 (32.6%) 41 (25.6%)
Other adults 8 (8.4%) 9 (5.6%)

Housing surface,  m2 Median (IQR)
n (%)

90 (73–120) 92 (80–115) 0.497
 < 60  m2 10 (10.9%) 5 (3.2%) 0.055
60–90  m2 41 (44.6%) 74 (46.8%)
 > 90  m2 41 (44.6%) 79 (50.0%)

Housing surface per subject,  m2 Median (IQR)
n (%)

22.5 (17.5–30.0) 23.3 (17.0–30.0) 0.932
 ≤ 15  m2 17 (17.9%) 13 (8.1%) 0.063
16–25  m2 47 (49.5%) 86 (53.8%)
 > 25  m2 31 (32.6%) 61 (38.1%)

Total family members, Median (IQR)
n (%)

4 (4–4) 4 (4–5) 0.240
3 members 20 (21.1%) 40 (25.0%) 0.012
4 members 53 (55.8%) 58 (36.3%)
 ≥ 5 members 22 (23.2%) 62 (38.7%)

Wearing mask n (%) 21 (22.1%) 24 (15.0%) 0.175
Sharing meal n (%) 52 (54.7%) 93 (58.1%) 0.604

62 (65.9%) 69 (43.1%) 0.001
Presence of symptoms according to 

age, years
n (%) 3–10 years 8/20 (40.0%) 18/38 (47.4%) 0.782

11–17 years 11/21 (52.4%) 14/38 (36.8%) 0.282
18–40 years 13/20 (65.0%) 22/47 (46.8%) 0.194
41–50 years 16/17 (94.1%) 11/22 (50.0%) 0.004
 > 50 years 14/16 (87.5%) 4/15 (26.7%)  < 0.001

Cough n (%) 27 (28.4%) 30 (18.8%) 0.087
Fever n (%) 40 (42.1%) 28 (17.5%)  < 0.001
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Table 3  Univariable and multivariable analyses of potential risk factors for SARS-CoV-2 infection among household contacts using a two-level 
hierarchical logistic regression model with random intercept

Total number SIR Univariable analysis, 
odds ratio [95% CI]

Uni-
variable p 
value

Multivariable 
analysis, odds ratio 
[95% CI]

Overall [95% CI] 255 37.3% [31.3; 43.5]
Factors relative to index case

  Age, years 0.259
18–40 years 54 27.8% 1 1
40–50 years 133 39.9% 2.7 [0.8; 9.1] 2.2 [0.6; 7.9]
 > 50 years 68 39.7% 2.6 [0.7; 10.0] 2.6 [0.6; 10.5]

  Gender 0.211
Male 54 44.4% 2.0 [0.7; 5.7]
Female 201 35.3% 1

  RT-PCR, Ct values 0.587
 < 22 Ct 47 44.7% 1.4 [0.2; 8.0]
22–32 Ct 90 34.4% 0.7 [0.1; 3.2]
 > 32 Ct 41 36.6% 1

  Normalized RT-PCR, Ct 
values (Ct/days)

Median (IQR) 58 5.5 (3.3–9.5) 1.0 [0.9; 1.1] 0.684

Factors relative to contacts
  Age, years 0.278

3–10 years 58 34.5% 1.5 [0.6; 4.3] 1.6 [0.5; 4.5]
11–17 years 59 35.6% 1.5 [0.5; 4.0] 1.1 [0.4; 3.1]
18–40 years 68 30.9% 1 1
41–50 years 39 43.6% 2.9 [0.9; 9.1] 2.6 [0.8; 8.4]
 > 50 years 31 51.6% 2.6 [0.8; 8.0] 2.2 [0.7; 6.7]

  Gender 0.314
Male 135 33.3% 1
Female 120 41.7% 1.4 [0.7; 2.8]

  Family relationship with index case 0.395
Child 3–10 years 58 34.5% 1.8 [0.6; 5.3]
Child 11–17 years 59 35.6% 1.6 [0.5; 4.9]
Child 18–30 years 49 30.6% 1
Spouse 72 43.1% 2.8 [1.0; 8.3]
Other adults 17 47.1% 1.7 {0.3; 8.6]

Factors relative to household environment
  Housing surface,  m2 Median (IQR) 90 (73–120) 1.00 [0.99; 1.01] 0.340

 < 60  m2 15 66.7% 5.6 [1.1; 28.2] 0.102 7.4 [1.4; 40.6]
60–90  m2 115 35.7% 1.1 [0.4; 2.6] 1.1 [0.4; 2.7]
 > 90  m2 120 34.2% 1 1

  Total family members 4 (4–4) 0.85 [0.51; 1.40] 0.513
3 members 60 33.3% 1.6 [0.5; 4.9] 0.047 1.2 [0.4; 4.1]
4 members 111 47.7% 3.6 [1.2; 10.3] 3.6 [1.2; 10.9]
 ≥ 5 members 84 26.2% 1 1

  Housing surface per sub-
ject,  m2

Median (IQR) 22.5 (17.5–30.0) 1.02 [0.98; 1.05] 0.324
 ≤ 15  m2 30 56.7% 3.8 [0.9; 16.3] 0.188
16–25  m2 133 35.3% 1.2 [0.5; 3.1]
 > 25  m2 92 33.7% 1

  Wearing mask 0.633
No 154 39.0% 1.2 [0.5; 3.1]
Yes 101 34.7% 1

450 European Journal of Clinical Microbiology & Infectious Diseases (2022) 41:445–454



1 3

COVID-19. Symptoms were more frequent in positive con-
tacts (n = 62/95; 65.3%) than in negative contacts (69/160, 
43.1%) (p = 0.001). Prevalence of symptoms increased in 
positive contacts from 40% in 3–10 years old to 61.9% 
in 18–40 years old and 93% in those over 50 years old. 
They occurred in 40.0% of the 3–10 years old, 52.4% of 
the 11–17 years old, and 59.7% in contacts over 18 years. 
Symptoms occurred in a median period of 3.0 days after 
those of the index case in all except four positive contacts 
who reported symptoms a few days prior to those of the 
index case. Out of the 95 positive contacts, 61 had mild 
COVID-19, one 61-year-old positive female was hospital-
ized for 5 days, and 33 (34.7%) were asymptomatic.

SARS‑CoV‑2 antibodies in presumed index cases

All index cases were tested for specific antibodies using 
rapid LFA tests (n = 43) or ELISA (n = 80), with 36 indi-
viduals tested with both tests. The median time from 
positive RT-PCR to antibody tests was 100 days (IQR: 
79.0–122.0). SARS-CoV-2 antibodies were positive in 77 
of the 87 index cases (88.5%). Ten were antibody-nega-
tive using both LFA and plasma ELISA. Among the 36 
individuals tested for antibodies using the 2 assays, rapid 
tests and plasma ELISA, 3 had a positive rapid test while 
ELISA was negative and two were rapid-antibody-test-
negative and positive in ELISA.

Factors associated with transmission (Table 3)

We did not find any factor associated with the risk of trans-
mission from index cases to contacts among those tested: 
index age, sex, CT of nasopharyngeal RT-PCR, sharing 
index bedroom, sharing meals, or wearing masks. In con-
trast, in multivariate analysis, we found a higher SIR in con-
tacts from households with a surface area less than 60  m2 
(SIR 66.7% with OR: 7.4 (1.4–40.6) compared to 34.2% 
in surface areas > 90  m2 and in households of 4 members 
(OR: 3.6 (1.3–10.9) (SIR: 47.7% versus 26.2% in 5-member 
households.

Discussion

This study of 87 individuals with proven SARS-CoV-2 
infection and their 255 family household contacts sug-
gested a high rate of virus circulation with a 37% rate of 
possible virus transmission, in a context of full lockdown. 
Transmission occurred in 62% of households with a 31.6% 
(95% CI: 22.1–42.9) probability of transmission from one 
presumed index case after adjusting for the different size 
of households. Most initial household studies used direct 
viral detection in nasopharyngeal tracts with a transmission 
rate of around 20% [8, 14, 19]. As direct virus detection 
through RT-PCR, the gold standard of acute infection, is 
transient, thus requiring a narrow time window to prospec-
tively capture all positive contacts, antibody testing offers a 
better reflection of exposure to SARS-CoV-2 [20–22]. Our 
results align with those of Lewis et al. [23] who reported a 
transmission rate of 29% in households in Utah and Wis-
consin using either PCR or serology or those from NYC 
[24] reporting a transmission rate of 38% in 229 cases using 
molecular SARS-CoV-2 assays, with more severe index 
cases, mainly male, with over 30% comorbidities. In a study 
from Barcelona on 381 primary cases and 1465 household 
contacts, a similar population to ours, with primary cases 
predominantly female and 45% of child contacts, the sero-
prevalence of SARS-CoV-2 infection in contacts was 18.1% 
[25]. This lower transmission rate compared to our results 
may be explained by lower sensitivity of the rapid LFA test 
used as suggested by the difference in seropositivity found 
in paired samples tested for ELISA (around 80%) and rapid 
LFA (around 35%) at weeks 8–12. In our study, with a lag 
time of 3 months, only 89% of the RT-PCR positive index 
cases were antibody positive confirming that antibodies 
detected may wane over time [3, 16, 20].

Although the durability of SARS-CoV-2 antibody 
response is still uncertain given the recent emergence of 
COVID-19, and may become negative after few weeks par-
ticularly in asymptomatic individuals [4], antibodies to the 
SARS-CoV class of viruses have been generally reported to 
persist over 1–2 years, declining thereafter [26].

Despite early reports about the low prevalence of 
COVID-19 in children when tested by PCR [27], like others, 

Table 3  (continued)

Total number SIR Univariable analysis, 
odds ratio [95% CI]

Uni-
variable p 
value

Multivariable 
analysis, odds ratio 
[95% CI]

  Sharing meal 0.595

No 110 39.1% 1.3 [0.5; 3.0]

Yes 145 35.9% 1

SIR, secondary infection rate
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we found children as susceptible to SARS-CoV-2 as adults 
in family households [24, 25]. Rates of infection were simi-
lar between children and adults whereas spouses had higher 
rates of infection as already reported [8, 9].

Our presumed index case population was mostly health-
care workers with wider access to RT-PCR testing during 
the first pandemic wave. They lived in a standard family in 
France with spouses/partners (83%), children (65%), and had 
very few comorbidities (unlike the household transmission 
family study reported from New York state [24]). Our index 
cases had mild symptoms which resolved within days, con-
sistent with a median nasopharyngeal RT-PCR value of 28.6 
CT. Interestingly, even though the number of RT-PCR with 
CT determinations was low, there was nonetheless a trend 
for a lower CT RT-PCR to increase transmission, which con-
cords with the risk of longer viral excretion leading to higher 
potential for transmission.

Symptoms were reported by two-thirds of positive 
contacts but also by 40% of negative contacts. This may 
simply reflect that retrospective symptom assessment may 
have flawed, or that during this period, most flu-like minor 
symptoms were not investigated. However, as clearance of 
antibodies is time-dependent, we cannot rule out that some 
of these subjects may have encountered the virus with no 
antibodies detected using LFA tests. Nonetheless, this 
would reinforce our finding of a high infection rate within 
a household.

These results must be considered with respect to sev-
eral limitations. First, we assumed that positive contacts 
had been infected through household transmission around 
the positive PCR index case. As antibody testing was 
performed within 2–3 months after index infection, we 
cannot rule out that household contacts were infected 
later even though most of them presented with COVID-
19-associated symptoms right after the index case. Sec-
ond, we considered index cases to be the first adult who 
tested positive by nasopharyngeal RT-PCR, which may 
reflect this population of mainly healthcare workers’ ease 
of access to viral diagnosis at symptom onset. Four indi-
viduals in the study in fact reported symptoms prior to 
those of the index cases. Overall, we acknowledge that 
if our study cannot precisely determine the dynamics of 
transmission within each household as since contacts may 
have been infected before, simultaneously or after the pre-
sumed index case, we are confident that infection rates 
within households reflect virus circulation within family 
members. We cannot exclude a memory bias for symptoms 
at time of quarantine although this may have been miti-
gated by our simultaneous interview of the whole family, 
with the expectation that collective remembering would 
be more reliable. Nevertheless, this does not modify our 
conclusion as our main objective was to determine the 
family’s overall exposure to the SARS-CoV-2 virus rather 

than the transmission dynamics that we could not establish 
retrospectively. Finally, to make the testing visit easier for 
the whole family, we used a short questionnaire that did 
not investigate factors in contacts that could increase the 
risk of virus acquisition such as smoking or comorbidi-
ties. However, given their young age with half the contact 
population less than 18 years, these factors would have 
played a minor role.

Overall, in this context of full lockdown, the main risk 
factor associated with transmission from an index case 
to their family contacts was, not surprisingly, living in a 
small apartment with more family members. Transmis-
sion to spouses was high as indicated [28]. Close con-
tact is barely avoidable within families and despite being 
highly recommended, strict quarantine of any person with 
COVID-19 within a family is difficult to implement in real 
life [29, 30]. This reinforces the need, in non-immunized 
individuals, for potent and safe anti-SARS-CoV-2 drugs 
which could be given not only to index cases but also to 
contacts as pre- or post-exposure prophylaxis. Today, none 
of the antiviral drugs investigated in the early phase of the 
pandemic [31–33] has shown sufficient efficacy data to 
be strongly recommended [34]. Molnupiravir (MK-4482/
EIDD-2801), a drug effective in reducing SARS-CoV-2 
load in the respiratory tract and suppressing virus spread 
in animal models [35, 36], is currently in development 
[37, 38].

In 2021 with the hope of a worldwide vaccination rollout 
capable of inducing immunogenicity in over 90% of SARS-
CoV-2 non-immune individuals [39–41], a key question 
remains whether SARS-CoV-2 antibody-positive individu-
als need to be vaccinated and what could be the appropriate 
vaccine schedule in individuals with past exposure to SARS-
CoV-2. Large population-based prospective studies should 
bring a better understanding of the duration of acquired 
immune protection.

In conclusion, households represent a high-risk setting 
for SARS-CoV-2 transmission in a context of close contact 
and a disease which can be modestly apparent. In a con-
text of pandemics, lockdown measures are insufficient to 
control household transmission. Generalized vaccination 
for all, easy access to viral diagnosis tests, strict respects 
of distancing including quarantine hotels for positive cases, 
currently largely recommended should to decrease transmis-
sion within household. If safe, potent oral antivirals drugs 
emerged in the future, their use both in treatment of SARS-
CoV-2-infected individuals and in prophylaxis for contacts 
could be foreseen to stop close-contact transmission.
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