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Close contacts of coronavirus disease (COVID-19) patients
are at high risk for severe acute respiratory syndrome 2
(SARS-CoV-2) infection. We assessed the seroprevalence
of SARS-CoV-2-specific antibodies among quarantined
close contacts of COVID-19 patients in the Faroe Islands.
We invited quarantined close contacts of COVID-19 index
patients identified during March 3—April 22, 2020, to partici-
pate in this study; 584 (81%) contacts consented and un-
derwent serologic testing. Among the 584 participants, 32
(5.5%) were seropositive for total antibody against SARS-
CoV-2. Household and young or elderly contacts had
higher risk for seropositivity than other contacts.We found
a secondary attack rate of 19.2%. Seroprevalence among
close contacts was almost 10-fold higher than among the
general population of the Faroe Islands. Regularly testing
household close contacts of COVID-19 patients might help
track the transmission of SARS-CoV-2.

everse transcription PCR (RT-PCR) is a standard
tool for diagnosing severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection. How-
ever, different testing strategies might cause wide
variation in the number of identified subclinical and
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asymptomatic cases, which could remain undetected
(1). In May 2020, the Faroe Islands, an autonomous
country that is part of the kingdom of Denmark with
a population of 52,554 persons, had a 0.6% seropreva-
lence of antibodies against SARS-CoV-2 (2), among
the lowest reported seroprevalences worldwide (3,4).
This low seroprevalence is probably influenced by
large-scale testing in the Faroes (5,6). However, the
study also identified a few previously undetected cas-
es, implying that persons had been infected without
knowing and without spreading the contagion (2).

Since the identification of the first imported case
of coronavirus disease (COVID-19) in the Faroe Is-
lands on March 3, 2020, the territory has complied
with World Health Organization recommendations
to use an active suppression strategy focusing on test-
ing and isolating patients and their close contacts.
Accordingly, all close contacts of COVID-19 patients
in the Faroe Islands were advised to quarantine for 2
weeks (5). In the Faroe Islands, the first wave of the
COVID-19 pandemic ended on April 22, 2020; no lo-
cal cases were detected until August 3, 2020, when
a second surge began (6). During the first wave, the
Faroe Islands’ per capita testing rates were among
the highest in the world. The seroprevalence study
showed that, perhaps because of low levels of com-
munity transmission, few cases remained undetected
(2). As a result, this context provides a unique oppor-
tunity to investigate the transmission dynamics of
SARS-CoV-2 using serologic tests.

SARS-CoV-2 is highly contagious. Family mem-
bers and other close contacts of COVID-19 patients
are at higher risk for SARS-CoV-2 infection, po-
tentially furthering the transmission of disease (7).
Most studies estimating the secondary attack rate of
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SARS-CoV-2 use RT-PCR, not serologic testing (8-13).
One review of 22 studies from 10 countries estimated
an overall household secondary attack rate of 17.1%
(95% CI 13.7%-21.2%) (8), whereas another review
found a pooled rate of 27% (95% CI 21%-32%) (9).
Studies assessing the seroprevalence among close
contacts, whether as a focus group or as part of na-
tional sample, have documented higher seropreva-
lences among close contacts than among persons who
had not been in contact with patients who had sus-
pected or confirmed COVID-19. A study in Singapore
reported that 5.5% of household, 2.9% of work, and
2.1% of social contacts of COVID-19 patients were
seropositive (13), whereas a study in Norway found
that 31% of close contacts were seropositive (14). A
large national serosurvey in England reported sero-
prevalences of 18.8% among those who had been in
close contact with a confirmed COVID-19 patient and
16.9% among those who had been in contact with a
suspected COVID-19 patient, compared with 4.3%
among other participants (15). In addition, a nation-
wide population-based study in Spain reported se-
roprevalences of 31.4% among household members,
13.2% among noncohabitating family members or
friends, and 10.6% among coworkers of COVID-19
patients (16). We assessed seroprevalence among
close contacts of persons with COVID-19 in the Faroe
Islands during the first wave of the pandemic in
March and April 2020.

Methods

Data Collection

In this retrospective cohort study, we invited all close
contacts of the 187 patients with confirmed COVID-19
in the Faroe Islands (crude prevalence 0.4%; https://
corona.fo) during March 3-April 22, 2020. No local
transmission occurred for the next 104 days, April
23-August 3, 2020 (5,6).

During this initial outbreak period, contact trac-
ing was conducted by the Chief Medical Officer Of-
fice in the Faroes (Térshavn, Faroe Islands), which
communicated with all close contacts and requested
that contacts quarantine for 14 days from the time of
exposure. Close contacts of COVID-19 patients during
the 48 hours before symptom onset, or of asymptom-
atic persons during the >48 hours before diagnosis,
were traced. Household members and contacts who
were within 2 meters of an infected person for >15
minutes, who had direct physical contact or provided
caregiving without using personal protective equip-
ment, or who had similar exposures, were defined as
close contacts.
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All infected persons were asked to avoid con-
tact with other persons in their household and to use
separate bathrooms. Close contacts also were asked
to self-quarantine and to avoid contact with other
members of the household. Most patients and close
contacts could successfully self-quarantine, except for
those in households with small children. When pa-
tients or contacts were unable to adequately separate
from household members, hotel rooms were offered
free of charge by the government.

During their quarantine periods, close contacts
were interviewed by telephone to monitor potential
onset of symptoms (5). RT-PCR, which required a
physician’s referral, was not used as a criterion for
the end of quarantine. Only symptomatic contacts
were tested for SARS-CoV-2 infection, although some
asymptomatic contacts were also tested. Thus, no
routine RT-PCR of all close contacts occurred during
their quarantines.

The Chief Medical Officer’s Office emailed a
participation request to all 854 close contacts of
COVID-19 patients identified during March 3-April
22,2020. Among the 854 close contacts, 132 had tested
positive for SARS-CoV-2 infection by PCR; as a re-
sult, 722 contacts were eligible to participate in this
study (Figure).

Participants gave informed consent to provide a
blood sample and answer a short questionnaire. The
questionnaire asked about demographic information,
smoking habits, and medical history, as well as their
experience in quarantine. For example, the question-
naire inquired whether participants had been tested
by RT-PCR, whether they had experienced symptoms
during quarantine, if other members of the household
had also been quarantined, and whether they knew
the identity of the infected person with whom they
had contact. We used these data to classify all partici-
pants as household, workplace, or other (e.g., single
event, social, or noncohabitating family) contacts. In
total, 82 (14%) participants could not be classified on
the basis of available data. We collected blood sam-
ples and administered questionnaires mainly during
May 27-July 14, 2020; we also collected data from 3
participants earlier in May 2020 and 4 participants lat-
er in August and September 2020. No local cases were
diagnosed in the Faroes during April 23-August 3,
2020. We telephoned seropositive participants about
their results and asked them to recall symptoms ex-
perienced during the quarantine, which we regis-
tered alongside data from the telephone interviews
conducted during quarantine. Parents responded on
behalf of children <18 years of age. We used serum
samples to determine patient serologic status by the
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854 quarantined close contacts
received invitation letter
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Figure. Recruitment of
quarantined close contacts of
coronavirus disease patients
for study of seroprevalence

132 contacts later confirmed as
having severe acute respiratory
syndrome coronavirus 2 infection by
reverse transcription PCR

of severe acute respiratory
syndrome coronavirus 2—
specific antibodies, Faroe
Islands, 2020.

722 quarantined close contacts were
eligible in the study

138 did not contact the research group

584 quarantined close contacts
participated

commercially available Wantai SARS-CoV-2 Ab ELI-
SA kit (Beijing Wantai Biologic Pharmacy Enterprise,
http:/ /www.ystwt.cn), according to the manufactur-
er’s instructions.

Informed consent was obtained from all partici-
pants. The study was approved by the Faroese Ethical
Committee and the Data Protection Agency.

Statistical Analysis

We estimated the crude seroprevalence by dividing
the total number of seropositive cases by the total
number of close contacts. We calculated categorical
variables as percentages and continuous variables
as means and SDs. We estimated 95% Cls for crude
prevalence using exact binomial models. We adjusted
for test performance as reported by independent eval-
uation (17) (sensitivity [96.7%, 95% CI 92.4%-98.6%]
and specificity [99.5%, 95% CI 98.7%-99.8%]) by us-
ing bootstrap methods (18). To investigate possibly
associated factors, we conducted regression analysis
by using a binary outcome of seropositivity with the
covariates of sex, age group (0-9, 10-17, 18-34, 35-49,
50-66, >67 years), history of smoking (ever/never),
daily medication use (yes/no), chronic diseases (yes/
no), and type of contact (household, workplace, oth-
er). We found that only contact type and age group
were statistically significant; we included these co-
variates in the final model. We used SPSS Statistics
25.0 (IBM, https:/ /www.ibm.com) for the analysis.

Results
During March 3-April 22,2020 in the Faroe Islands, 854
close contacts of COVID-19 patients were identified
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and quarantined, including 132 who were later con-
firmed to have SARS-CoV-2 infection. As a result, 722
close contacts that had not tested positive by RT-PCR
were eligible for participation in this study (Figure);
584 participated, a participation rate of 80.9%. The
mean participant age was 36 years (range 0-84 years),
and 58% were women. Most participants were in the
younger age groups; only 5.5% were >67 years of age
(Table 1).

A total of 32 (5.5% [exact binomial 95% CI 3.8%-
7.7%]) persons, comprised of 17 women and 15 men
who had not previously tested positive by RT-PCR,
were seropositive for total antibody against SARS-
CoV-2. After adjustment for test sensitivity and speci-
ficity, we calculated the prevalence of SARS-CoV-2-
specific antibodies as 5.3% (95% CI 3.5%-7.5%). A
total of 43.8% of the seropositive close contacts ret-
rospectively reported symptoms, mainly fever, run-
ning nose, and loss of taste or smell. Most seroposi-
tive participants were in the youngest age group (0-9
years, mean 4.5 years, range 1.4-9.6 years) (Table 2).
Among seropositive participants, 21 had received
negative RT-PCR results during their quarantine; 11
participants recalled symptoms, whereas 10 did not.
The other 11 seropositive participants did not have
RT-PCR during quarantine, of whom 3 retrospective-
ly recalled symptoms. Median time between quaran-
tine and RT-PCR was 0 days (range -1 to 15 days); 11
participants had RT-PCR upon or before going into
quarantine. RT-PCR was most prevalent among the
youngest age group, of which all 8 participants had
RT-PCR (Table 2). The presence of symptoms was not
significantly different among the age groups (p = 0.9).
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Table 1. Demographic and clinical characteristics of 584 quarantined close contacts of coronavirus disease patients in study of
seroprevalence of SARS-CoV-2—specific antibodies, Faroe Islands, 2020*

Close contacts

Characteristic Total Seronegative Seropositive p valuet
Total 584 (100.0) 552 (100.0) 32 (100.0)
Sex 0.8
F 339 (58.0) 321 (58.2) 17 (53.1)
M 245 (42.0) 231 (41.8) 15 (46.9)
Mean age, y (SD) [range] 36.5 (20.2) [0.2-83.8] 37.0(19.9)[0.2-81.7]  28.1 (24.0) [1.4-83.8] 0.02
Age group, y <0.01
0-9 69 (11.8) 61 (11.1) 8 (25.0)
10-17 68 (11.6) 62 (11.2) 6 (18.8)
18-34 134 (22.9) 125 (22.6) 9(28.1)
35-49 131 (22.4) 128 (23.2) 3(9.4)
50-66 150 (25.7) 148 (26.8) 2(6.3)
>67 32 (5.5) 28 (5.1) 4 (12.5)
Smoking statust 0.1
Active 93 (16.7) 92 (17.4) 1(3.6)
Occasional 41 (7.3) 40 (7.5) 1(3.6)
Former 127 (22.8) 121 (22.8) 6(21.4)
Never 297 (53.2) 277 (52.3) 20 (71.4)
Daily medication use§ 0.6
Yes 145 (27.8) 137 (27.6) 8 (32.0)
No 376 (72.2) 359 (72.4) 17 (68.0)
Self-reported chronic diseasest 0.06
Yes 278 (49.8) 268 (50.6) 10 (35.7)
No 280 (50.2) 262 (49.4) 18 (64.3)
Had PCR during quarantineq 0.2
Yes 263 (48.3) 249 (47.8) 21 (65.6)
No 281 (51.7) 272 (52.2) 11 (34.4)
Had symptoms during quarantine# 0.7
Yes 116 (21.4) 112 (21.6) 14 (43.8)
No 345 (63.5) 327 (63.1) 18 (56.3)
Not sure 82 (15.1) 79 (15.3) 0
Had other family members in quarantine** 0.2
No 120 (21.8) 118 (22.5) 2(7.4)
Yes, together 373 (67.7) 352 (67.2) 21(77.8)
Yes, separated 58 (10.5) 54 (10.3) 4 (14.8)
Type of contacttt <0.01
Household 145 (28.9) 125 (26.5) 20 (64.5)
Workplace 184 (36.7) 179 (38.0) 5(16.1)
Other 173 (34.5) 167 (35.5) 6 (19.4)

*Values are no. (%) except as indicated. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

1p values determined by x? test for categorical variables or analysis of variance for continuous variables.

TQuestionnaire data missing for 26 quarantined close contacts, including 4 seropositive contacts.

§Questionnaire data missing for 63 quarantined close contacts, including 7 seropositive contacts.

f[Questionnaire data missing for 40 quarantined close contacts, including 9 seropositive contacts. However, all seropositive patients were asked about

PCR; as a result, values do not add up.

#Questionnaire data missing for 41 quarantined close contacts, including 7 seropositive contacts. However, all seropositive patients were asked about

symptoms; as a result, values do not add up.

**Questionnaire data missing for 33 quarantined close contacts, including 5 seropositive contacts.
11Questionnaire data missing for 82 quarantined close contacts, including 1 seropositive contact.

According to the multivariable logistic regression
analysis, type of contact (p<0.01) and age group (p =
0.02) were significantly associated with seropositivi-
ty. The risk for seropositivity was significantly higher
for household contacts compared with other contacts
(adjusted odds ratio [aOR] 5.4, 95% CI 1.9-15.2). We
did not find a statistically significant difference for
workplace contacts compared with other contacts (p
= 0.8). Overall, age was significantly associated with
seropositivity (p = 0.02). Most age groups had lower
aORs than the youngest age group (0-9 years), al-
though these associations were statistically significant
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only for the 35-49-year (aOR 0.18, 95% CI 0.04-0.9)
and 50-66-year (aOR, 95% CI 0.03-0.8) age groups.
Participants >67 years of age had an increased aOR
compared with the youngest age group; however,
this association was not statistically significant (aOR
CI0.6-9.9).

In this study, we identified 32 secondary SARS-
CoV-2 infections by later serologic assay in addition
to the 132 identified through initial RT-PCR, indicat-
ing a secondary attack rate of 19.2%. Most (67.5%) se-
ropositive persons had been in quarantine with their
families. In total, 65% of seropositive persons were
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infected by household members; when including
noncohabitating close family members, this total rose
to 71%. The other persons were infected by extended
family, workplace, or social contacts. We identified
3 sibling pairs, 2 sets of spouses, and 3 parent-child
pairs among the seropositive persons.

Discussion

In this retrospective cohort study of close contacts
of COVID-19 patients, we found a 5.5% seropositiv-
ity rate among contacts who were not previously
identified as positive by RT-PCR. Seroprevalence
was highest among household contacts. We found
the highest seropositivity rate among children who
were infected by their parents. The risk for seroposi-
tivity among household contacts was 5-fold that of
the risk posed by other close contacts, probably be-
cause household members might have closer and
more prolonged interactions than work or social
contacts. In total, 56% of secondary infections were
asymptomatic.

The rapid spread of COVID-19 is partly attribut-
able to transmission by asymptomatic or presymp-
tomatic persons; many of these cases remain unde-
tected because patients might not seek healthcare or
undergo testing (19). As a result of the large-scale test-
ing and tracing protocols used in the Faroe Islands,
the risk for transmission from persons with undetect-
ed cases is probably low. A study of 1,075 randomly
selected persons from the Faroe Islands in April 2020
found a 0.6% seropositivity rate (exact binomial 95%
CI 0.2%-1.2%), which corresponds to 313 COVID-19
patients (2), somewhat higher than the observed 0.4%
crude prevalence of confirmed cases in the Faroe Is-
lands [https:/ /corona.fo]). Our results for close con-
tacts of patients with confirmed COVID-19 are in ac-
cordance with the seroprevalence study (2) indicating
the existence of some undetected (i.e., not document-
ed in the official records) cases of SARS-CoV-2 infec-
tion in the Faroe Islands. Our results highlight the im-
portance of tracing close contacts, who have a much

Seroprevalence of SARS-CoV-2 among Close Contacts

higher seroprevalence than the general population,
despite a high proportion of asymptomatic seroposi-
tive persons. These findings underscore that testing
only symptomatic contacts will miss infections and
underestimate the true number of cases. In addition,
we emphasize that a negative RT-PCR result might
not rule out SARS-CoV-2 infection in a household
contact. The close contacts who underwent RT-PCR
were tested at a median 0 days (range -1 to 15 days)
from start of quarantine (Table 2), possibly indicat-
ing that most patients were tested before symptoms
developed. Because most of the seropositive contacts
in this study were infected by household members,
our findings emphasize the importance of isolating
infected persons.

Our overall prevalence estimate is lower than
that of a study comprising 100,000 participants in
England, which found an 18.8% (742/3,946) serop-
revalence among those who had unspecified contact
with a COVID-19 patient (15). Our estimate is more
comparable with that of a study in Singapore that
found a 5.5% (29/524) seroprevalence among house-
hold contacts who did not have a COVID-19 diag-
nosis (13). In a seroprevalence study of household
members of COVID-19 outpatients in Norway, Cox
etal. (14) found that 24/77 (31%) household members
were seropositive 6 weeks after the index patient had
first tested positive by RT-PCR. Similarly, a study
of 61,075 participants in Spain found a 10.6% serop-
revalence among coworkers, compared with 31.4%
among household members of COVID-19 patients
(16). These prevalence estimates are higher than our
overall prevalence of 5.5% among close contacts who
were not previously identified as positive by RT-PCR.
However, comparing seroprevalence studies can be
challenging because of differences in the nature and
closeness of contacts, classification of contact types,
methods of measuring antibodies, and characteristics
of eligible study participants. In addition, the level of
community transmission in each country would af-
fect prevalence.

Table 2. Self-reported prevalence of symptoms and RT-PCR among 32 seropositive quarantined close contacts of coronavirus
disease patients in study of seroprevalence of SARS-CoV-2-specific antibodies, by age, Faroe Islands, 2020*

Total no. Had symptoms in RT-PCR Mean days from start of Median days from start of
Age, y contacts quarantine conducted quarantine to first RT-PCR (SD) quarantine to first RT-PCR (range)
0-9 8 6 (75.0) 8 (100.0)t 5.5(5.5) 6.0 (0-15)
10-17 6 0 4 (66.7) 7.0 (4.8) 8.5 (0-11)
18-34 9 5 (55.6) 3(33.3)t 0.3 (0.6) 0 (0-1)
35-49 3 1(33.3) 3 (100.0)§ 0.7 (2.1) 0(-1to3)
50-66 2 1(50.0) 1(50.0) 0 0
>67 4 1(25.0) 2 (50.0) 0 0

*Values are no. (%) except as indicated. RT-PCR, reverse transcription PCR; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

tThree contacts had 2 RT-PCRs.
1One contact had 2 RT-PCRs and 1 had 4 RT-PCRs.
§One contact had 2 RT-PCRs.
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Among the 32 seropositive persons we identi-
fied, 21 had tested negative by RT-PCR, including 11
(52.4%) who had reported symptoms. The sensitiv-
ity of RT-PCR is dependent on multiple factors, pri-
marily the presence of viral RNA on the test swab,
which can vary by swabbing technique and whether
viral RNA is present at the anatomic site of the test.
Therefore, the timing of testing in relation to infection
onset is critical. Among participants who underwent
RT-PCR, most were tested during the early stage of
quarantine, probably before symptom onset, and thus
perhaps also before infection onset (e.g., among con-
tacts who were in quarantine with the infected family
member), which might explain their negative RT-PCR
results (Table 2). In addition, many of the quaran-
tined close contacts who were tested by RT-PCR were
young children, in whom collecting adequate swab
samples might be difficult.

The major strengths of this study are its nation-
wide nature, in which all close contacts of confirmed
COVID-19 patients from the first wave in the Faroe
Islands were directly contacted, and the high par-
ticipation rate. As a result, the likelihood of selec-
tion bias is low. Because the Faroe Islands eliminated
COVID-19 for 104 days after the last patient in this
wave was identified, there was little risk for exposure
from sources other than the index cases.

One limitation of our study is that contacts were
asked retrospectively about symptoms during quar-
antine, introducing the possibility for recall bias. The
risk for bias is especially relevant for children, whose
questionnaires were answered by parents. How-
ever, because most index cases occurred in a family
member, parents were probably vigilant for potential
symptoms in children. Another limitation might be
the classification of participants as household, work-
place, or other contacts. Because this classification
was based on whether participants knew the identity
of the index patient, this measure might be imprecise.
However, we were able to classify most participants
into 3 groups on the basis of available information.
We found that the primary exposure route is within
families, and we believe this information is valuable,
even if the data might be flawed. Finally, RT-PCR
was not routinely conducted for quarantined per-
sons. Because symptomatic persons were probably
prioritized for RT-PCR, this selection might have in-
troduced bias.

In conclusion, our study found that seropreva-
lence among close contacts of COVID-19 patients is
higher than that among the general population. Close
contacts, especially household members, of COVID-19
patients are at higher risk for infection. Thus, routinely
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testing household contacts of COVID-19 patients, re-
gardless of symptoms, might improve detection of
SARS-CoV-2 infection. Our results also indicate that
close contacts should maintain quarantine even if they
receive negative RT-PCR results early in quarantine.
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Visit the CDC Travelers' Health website for up-to-date information on
global disease activity and international travel health recommendations.
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