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Introduction: Close contacts of individuals with COVID-19 may directly gain immunity
against SARS-CoV-2 despite lacking a detectable infection. This study examined SARS-CoV
-2-specific antibodies levels based on gender, age, and exposure source in close contacts of
individuals with COVID-19 and compared antibody levels to patients with an asymptomatic
or symptomatic COVID-19 infection.

Methods: Two patients had confirmed COVID-19 infections at a community hospital in
Qiongzhong, Hainan province. Contact tracing identified all individuals in the community
who had been exposed to the two patients during the 14 days before their diagnoses. Close
contacts quarantined for 14 days, underwent two SARS-CoV-2 tests, and were screened for
SARS-CoV-2-specific antibodies at 7 and 12 weeks after the end of quarantine. SARS-CoV
-2-specific antibody levels for the close contacts were compared to those for patients with an
asymptomatic or symptomatic COVID-19 infection at 7 and 12 weeks after their diagnoses.
Results: Contact tracing identified 10,573 individuals in the community, including 360
(3.4%) close contacts. At 7 weeks, 30 (8.33%) close contacts were positive for SARS-
CoV-2-specific antibodies (IgG, n =26 [7.22%]; IgM, n =4 [1.11%]), which were lower than
the proportion of patients with an asymptomatic (IgG, 100% [12/12]) or symptomatic (IgG,
93.6% [44/47]) COVID-19 infection. SARS-CoV-2-specific IgM antibody levels were sig-
nificantly higher in close contacts who were exposed through a relative compared to
a doctor—patient relationship (P = 0.032). SARS-CoV-2-specific IgG antibody levels were
significantly higher in close contacts aged <18 years vs 18-64 years (P = 0.014). At 12
weeks, SARS-CoV-2-specific IgG antibody levels among close contacts were significantly
lower than among patients with an asymptomatic (P = 0.004) or symptomatic COVID-19
infection (P < 0.001).

Conclusion: Immune protection conferred by close contact is short term and unlikely to
contribute to herd immunity. There remains an unmet public health need for mass vaccina-
tion of populations to increase levels of protective antibodies and achieve and maintain herd
immunity.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread across
the globe at an unprecedented speed.! Worldwide, there have been more than
1.4 billion confirmed cases of COVID-19, and over 3 million individuals have
died."* The epidemic persists due to lack of compliance with public health mea-
sures and inequitable vaccination distribution. The number of infections and deaths
is growing exponentially in some regions, with regional resurgences elsewhere due

to importation of the virus by travelers. In particular, individuals with clinically
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mild symptoms or asymptomatic infections are unlikely to
be tested, but are able to transmit the disease through close
contact.”> Serology screening demonstrates that seropreva-
lence estimates of SARS-CoV-2 are greater than the num-
ber of reported cumulative COVID-19 cases.* Previous
research has investigated the diagnostic utility of SARS-
CoV-2 -specific antibody detection in individuals with
asymptomatic and symptomatic COVID-19 infections.”’
However, the characteristics and kinetics of antibodies
against SARS-CoV-2 in close contacts of individuals
with COVID-19, or whether SARS-CoV-2 seropositivity
after close contact will prevent infection on re-exposure
and contribute to herd immunity, is not known.

Evidence suggests that close contacts of individuals
with COVID-19 are able to gain immunity against SARS-
CoV-2 despite lacking a detectable infection.® The objec-
tive of this study was to examine the characteristics and
kinetics of SARS-CoV-2-specific antibodies based on gen-
der, age, and exposure source in close contacts of indivi-
duals with COVID-19, and compare antibody titers and
duration of immunity to patients with asymptomatic and
symptomatic COVID-19 infections. Findings will charac-
terize the immune response after close contact and inform
the strategic design of COVID-19 vaccination programs.

Methods
Study Design and Close Contract Tracing

Data for this study were collected from a hospital that
provides healthcare to the community in Qiongzhong, at
the center of Hainan province, China. The community
10,573 105.99  km”.
Between January 18 and January 20, 2020, two patients
at the hospital had confirmed COVID-19 infections.
Epidemiological investigations revealed one patient was

comprises individuals across

diagnosed with severe COVID-19 following close contact
with an individual with COVID-19, and one patient was
diagnosed with mild COVID-19 following contact with an
individual who had traveled from Wuhan. The timeline for
this study is provided in Supplementary Figure 1.

Contact tracing was used to identify all individuals
who may have been exposed to these case-patients during
the 14 days before their diagnoses were confirmed. Close
contacts were defined as individuals who had an unpro-
tected face-to-face interaction with an infected patient,
including: 1) being within 2 meters of the case-patient
for more than 10 minutes; 2) sharing a living area or
healthcare waiting room with the case-patient or for >2

hours after the case-patient was present; and/or 3) having
contact with the case-patient’s secretions (eg, being
coughed on when unprotected, touching used paper tissues
with a bare hand). Demographic and epidemiological data
for close contacts, including contact and exposure history
and symptoms, were recorded. Close contacts were quar-
antined for 14 days, during which they were monitored for
COVID-19 related signs and symptoms and underwent
two viral nucleic acid tests on Day 2 and Day 13. Close
contacts were screened for SARS-CoV-2-specific antibo-
dies and underwent additional viral nucleic acid tests at 7
and 12 weeks after the end of their quarantine. SARS-CoV
-2-specific antibody levels for the close contacts were
compared with those for patients with an asymptomatic
or symptomatic COVID-19 infection at 7 and 12 weeks
after they were diagnosed with a viral nucleic acid test.
Asymptomatic patients had epidemiological evidence of
COVID-19, were positive for SARS-CoV-2 RNA on RT-
PCR, and had no COVID-19 related clinical symptoms
and CT imaging findings indicative of viral pneumonia.
Symptomatic patients had epidemiological evidence of
COVID-19, were positive for SARS-CoV-2 RNA on RT-
PCR, and had fever, respiratory symptoms or other
COVID-19 related clinical symptoms, CT imaging find-
ings indicative of viral pneumonia and/or decreased lym-
phocyte counts.

The study was approved by the Hainan General
Hospital Ethics Committee in accordance with the
Declaration of Helsinki (Ethical approval No. Med-Eth-
Re [2021] 190). Written informed consent was obtained
from all study participants.

Serum SARS-CoV-2 Specific 1gG/IgM
Antibodies Assay

A commercial magnetic chemiluminescence enzyme
immunoassay (MCLIA) (Bioscience. Co., Ltd., Tianjin;
No: 20203400183 [IgG], 20203400182 [IgM]; approved
by the China National Medical Products Administration)
was used to measure SARS-CoV-2-specific IgG and IgM
levels in venous blood obtained from close contacts and
patients with an asymptomatic or symptomatic COVID-19
infection, according to the manufacturer’s instructions.
The MCLIA for IgG or IgM detection was developed
based on a double-antibody sandwich immunoassay.
Recombinant antigens containing the nucleoprotein and
a peptide from the spike protein of SARS-CoV-2 were
conjugated with fluorescein isothiocyanate (FITC) and
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immobilized on anti-FITC antibody-magnetic beads, as
previously described. 50 pL activated magnetic beads
coated with SARS-CoV-2 antigens were incubated for 15
min at 37°C. Chemiluminescence was detected (Axceed
260, Bioscience) after beads were incubated with acridi-
nium ester-labeled mouse anti-human IgM or IgG anti-
body and hydrogen peroxide. Assays were calibrated
using various dilutions of inactivated serum from each
study participant to establish a standard linear correlation
between light intensity and relative antibody level.
Relative antibody levels were calculated as measured che-
miluminescence divided by the constant derived from the
linear correlation. Antibody levels were expressed as the
ratio of the signal to the cutoff (S/CO) value, where an S/
CO >1 was considered positive and S/CO <1 was consid-
ered negative. Strict biosafety and quality control proto-
cols were used to ensure stable and uniform experimental
conditions and robust data.

Viral SARS-CoV-2 Detection

Reverse transcription-polymerase chain reaction (RT-PCR)
was used to detect SARS-CoV-2 nucleic acid (SARS-CoV
-2 open reading framelab [ORF1ab] and nucleocapsid [N]
genes) in nasopharyngeal swabs obtained from close con-
tacts and patients with an asymptomatic or symptomatic
Covid-19 infection. Total nucleic acids were extracted
from the nasopharyngeal swabs of the study participants.
Target genes (ORF1ab and N) were simultaneously ampli-
fied and tested. Primers were developed according to the
recommendations of the Chinese CDC (ORF1lab forward:
CCCTGTGGGTTTTACACTTAA, ORFlab reverse:
ACGATTGTGCATCAGCT GA, ORFlab probe: 5'-
CCGTCTGCGGTATGTGGAAAGGTTATGG-3' (FAM
dye labeled); N forward: GGGGAACTTCTCC
TGCTAGAAT, N reverse: CAGACATTTTGCTCTCA
AGCTG, N probe: 5-TTGCTGCTGCTTGACAGATT-3’
(VIC dye labeled)). PCR conditions were: 50°C for 15
min, 95°C for 15 min, 45 cycles of 94°C for 15 s, 55°C
for 45 s (fluorescence collection). Ct values <37 or >40
were defined as positive and negative, respectively.

Statistical Analysis
Statistical analyses were performed using SPSS (v 3.6.2).
Categorical variables are reported as frequencies or percen-
tages and were compared with the Wilcoxon rank-sum test.
For continuous variables, normally distributed data are pre-
sented as mean + standard deviation and were compared
with the independent test.

sample ¢ Non-normally

distributed data are presented as median (inter-quartile
range [IQR]) and were compared with the Kruskal-Wallis
H-test. P<0.05 was considered statistically significant.

Results

Demographic and Epidemiological
Characteristics of the Close Contacts
Contact tracing identified 10,573 individuals, including 360
(3.4%) close contacts, who had been exposed to the case-
patients included in this study. Demographic and epidemiolo-
gical characteristics of the close contacts are summarized in
Table 1. Among the close contacts, there were 164 (45.5%)
males and 196 (54.4%) females. A total of 89 (24.7%) close
contacts were aged <18 years, 177 (49.2%) close contacts
were aged between 18 and 64 years, and 19 (5.3%) close
contacts were aged >65 years. Regarding location of exposure,
68 (18.9%) close contacts were exposed in the hospital setting,
and 292 (81.1%) close contacts were exposed in the commu-
nity (social) setting. A total o279 (77.5%) close contacts were
exposed through a doctor—patient relationship, while 68
(18.8%) close contacts were colleagues and 13 (3.6%) close
contacts were family members of the case patients.

During quarantine, 360 close contacts were negative for
SARS-CoV-2 on nucleic-acid-based testing. At 7 weeks of
follow-up, 30 (8.33%) close contacts were positive for
SARS-CoV-2-specific antibodies (S/CO >1), including 26
(7.22%) close contacts who were positive for SARS-CoV
-2-specific IgG antibody and 4 (1.11%) close contacts who
were positive for SARS-CoV-2-specific I[gM antibody. At 12
weeks of follow-up, 3 close contacts were positive for
SARS-CoV-2-specific IgG antibody.

Overall Immunological Assessment

At 7 weeks of follow-up, among the 360 close contacts, median
(IQR) SARS-CoV-2-specific IgG antibody levels were 0.18
(0.14-0.29), and median (IQR) SARS-CoV-2-specific IgM
antibody levels were 0.15 (0.08-0.28). SARS-CoV-2-specific
IgG (median S/CO, 0.33; IQR,0.16-0.60 vs 0.18; IQR,0.15—
0.36; P=0.01) and IgM (median S/CO, 0.25; IQR,0.10-0.62 vs
median S/CO, 0.16; IQR,0.09-0.33; P=0.02) antibody levels
were significantly higher in close contacts who were exposed
in the hospital setting compared to the social setting (Figure 1A
and B). SARS-CoV-2-specific IgG and IgM antibody levels
were significantly higher in close contacts aged <18 years
compared to close contacts aged 1864 years (P=0.014)
(Figure 1C and D). There was no significant difference in
SARS-CoV-2-specific IgG antibody levels in close contacts
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Table | Demographic and Epidemiological Characteristics of the Close Contacts (n=360)

Characteristics

All Close Contacts

Seropositive

Seronegative

Male % (n)

45.5% (164/360)

3.6% (13/360)

41.9% (151/360)

Female % (n)

54.4% (196/360)

4.7% (17/360)

49.7% (179/360)

Age, years mean (+SD)

31.5+£23

22.7 + 238

32.38 £ 228

Hospital setting % (n)
Social setting % (n)

18.6% (67/360)
81.1% (292/360)

26.7% (8/30)
73% (22/30)

<18% (n) 32.8% (118/360) 56.7% (17/30) 27.0% (77/285)
18-64% (n) 61.1% (220/360) 36.7% (11/30) 44.7% (161/360)
=65% (n) 6.1% (22/360) 6.6% (2/30) 6.0% (17/285)
Setting

16.4% (59/360)
75% (270/360)

Source
Colleague % (n)
Relative % (n)

Physician-patient % (n)

18.8% (68/360)
3.6% (13/360)
77.5% (279/360)

30% (9/30)
13.3% (4/30)
56.6% (17/30)

16.7% (60/360)
2.5% (9/360)
74.2% (267/360)

Antibody level
1gG (X+S)

0.474 + 1.487

2.780 + 4.580

0.264 + 0.184

IgM (X£S) 0.320 + 0.498

0.856 + |.166 0.271 + 0.349

who were exposed through a colleague, relatives or a doctor—
patient relationship (Figure 2A). SARS-CoV-2-specific IgM
antibody levels were significantly higher in close contacts who
were exposed through a relative compared to a doctor—patient
relationship (P=0.032) (Figure 2B).

Immunological Assessment in
Seropositive Close Contacts (S/CO 21)
and Patients with COVID-19 at 7 Weeks

of Follow-Up
At 7 weeks of follow-up, 30 (8.33%) close contacts were
positive for SARS-CoV-2-specific antibodies, including 13
(43.3%) males and 17 (56.6%) females, with a median age
of 10 years (range 1-78 years). Among these, 17 (56.7%)
close contacts were aged <18 years, 11 (40.0%) close con-
tacts were aged between 18 and 64 years, and 2 (6.7%) close
contacts were aged >65 years (Table 1). Median S/CO (IQR)
SARS-CoV-2-specific IgG antibody levels were 1.63 (1.11-
2.19), and median S/CO (IQR) SARS-CoV-2-specific [gM
antibody levels were 0.31 (0.18-1.14) (Table 2). There were
no significant differences in SARS-CoV-2-specific IgG and
IgM antibody levels in close contacts who were exposed in
the hospital setting compared to the community (social
exposure) (Figure 3A and B).

SARS-CoV-2-specific antibody levels for the 30 close
contacts were compared to those for 59 patients with

COVID-19, including 12 patients with an asymptomatic
infection and 47 cases with a symptomatic infection.

At 7 weeks of follow-up, 100% of patients with an
asymptomatic (12/12) COVID-19 infection and 93.6% (44/
47) of patients with a symptomatic COVID-19 infection
were SARS-CoV-2-specific IgG positive (S/CO >1).
Among patients with an asymptomatic COVID-19 infection,
median S/CO (IQR) SARS-CoV-2-specific IgG antibody
levels were 5.22 (2.260-16.318) and median S/CO (IQR)
SARS-CoV-2-specific IgM antibody levels were 0.53
(0.243-1.668). Among patients with a symptomatic
COVID-19 infection, median S/CO (IQR) SARS-CoV
-2-specific IgG antibody levels were 24.4 (4.97-48.18), and
median S/CO (IQR) SARS-CoV-2-specific IgM antibody
levels were 0.41 (0.16-1.10). SARS-CoV-2-specific IgG
levels were significantly higher in patients with an asympto-
matic COVID-19 infection or a symptomatic COVID-19
infection compared to close contacts (P<0.001) (Figure 4A).

Immunological Assessment in Seropositive
Close Contacts and Patients with

COVID-19 at 12 Weeks of Follow-Up

At 12 weeks of follow-up, 90% (27/30) of close contacts
became seronegative (S/CO <1), and only 3 close contacts
remained seropositive (P<0.001) (Figure 5A and B).
SARS-CoV-2-specific IgG  antibody levels were
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Figure | SARS-CoV-2-specific antibody levels in close contacts at 7 weeks of follow-up (n=360). (A) SARS-CoV-2-specific IgG antibody levels in close contacts stratified by
exposure setting (social exposure vs. hospital exposure, *=0.01); (B) SARS-CoV-2-specific IgM antibody levels in close contacts stratified by exposure setting (social
exposure vs. hospital exposure, ¥p=0.02); (C) SARS-CoV-2-specific IgG antibody levels in close contacts stratified by age (middle age vs children, *p=0.014); (D) SARS-CoV
-2-specific IgM antibody levels in close contacts stratified by age (middle age vs children, **p=0.003; old age vs children ***p<0.001).

significantly higher in close contacts who were exposed in
the hospital setting compared to the community (social
exposure) (P=0.017) (Figure 3C), while IgM antibody
levels were close to significance (P=0.05) (Figure 3D),
SARS-CoV-2-specific IgG antibody levels were signifi-
cantly higher in close contacts who were exposed through
a colleague compared to a doctor—patient relationship
(P=0.042) (Figure 2C).

At 12 weeks of follow-up, among the 59 patients with
COVID-19, SARS-CoV-2-specific antibody levels had
decreased in 83.3% (10/12) of patients with an asympto-
matic infection and 85.1% (40/47) of patients with
a symptomatic infection. Two patients with an asympto-
matic COVID-19 infection became seronegative, and 8.5%
(4/47) of patients with a symptomatic COVID-19 infection

became seronegative. In patients with an asymptomatic

COVID-19 infection, there was no significant difference in
SARS-CoV-2-specific 1gG antibody levels at 12 weeks of
follow-up compared to 7 weeks of follow-up (P=0.59)
(Figure 5C), while SARS-CoV-2-specific IgM antibody
levels were significantly decreased (P=0.003) (Figure 5D).
In patients with a symptomatic COVID-19 infection,
SARS-CoV-2-specific IgG antibody levels were signifi-
cantly decreased at 12 weeks of follow-up compared to 7
weeks of follow-up (P=0.029) (Figure 5E), but there was no
significant difference in SARS-CoV-2-specific IgM anti-
body levels (P=0.302) (Figure 5F). Median S/CO (IQR)
SARS-CoV-2-specific IgG antibody levels among close
contacts (0.56; 0.34-0.87) were significantly lower than
among patients with an asymptomatic COVID-19 infection
(3.69; 1.52-10.13) (P=0.004) or a symptomatic COVID-19
infection (9.66; 3.34-21.23) (P<0.001) (Figure 4B).
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Table 2 Demographic and Epidemiological Characteristics of the
Seropositive (S/CO 21) Close Contacts at 7 Weeks of Follow-
Up (n=30)

Characteristics Close Contacts

Male % (n) 43.3% (13/30)

Female % (n) 56.7% (17/30)

Age, years mean (¥SD)

<18% (n) 53.2% (16/30)
18-64% (n) 36.7% (11/30)
=65% (n) 6.6% (2/30)
Setting

Hospital setting % (n) 26.7% (8/30)

Social exposure % (n) 73% (22/30)

Source
Colleague % (n)
Relative % (n)

Physician-patient % (n)

30% (9/30)
13.3% (4/30)
56.6% (17/30)

Discussion
The global COVID-19 pandemic shows no sign of reced-
ing. SARS-CoV-2 is mainly spread by direct person-to-

person transmission through close contact. Active
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immunity can offer protection against COVID-19 through
natural immunity after exposure to the disease, or through
a vaccination. Knowledge of the antibody response to
SARS-CoV-2 following close contact at the individual
and population levels is limited.

The present study furthers our understanding of the
mechanisms of immune control of SARS-CoV-2
uncovers the dynamics of SARS-CoV-2 specific antibo-
dies. Contact tracing was used to identify close contacts

and

who had been exposed to two case-patients with confirmed
COVID-19 infections. Close contacts were screened for
SARS-CoV-2-specific antibodies at 7 and 12 weeks after
the end of 14-day quarantine. SARS-CoV-2-specific anti-
body levels for the close contacts were compared with
those for patients with an asymptomatic or symptomatic
COVID-19 infection at 7 and 12 weeks after their diag-
noses. These findings will inform strategies for the rational
design and distribution of vaccines.

Results across our follow-up period showed that close
contacts of individuals with COVID-19 developed a mild
SARS-CoV-2-specific antibody response that was short-
lived and decayed more rapidly than in patients with
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Figure 3 SARS-CoV-2-specific antibody levels at 7 and 12 weeks of follow-up in close contacts who were seropositive (S/CO 21) at 7 weeks of follow-up. (A) SARS-CoV
-2-specific IgG antibody levels at 7 weeks of follow-up stratified by exposure setting (n=30); (B) SARS-CoV-2-specific IgM antibody levels at 7 weeks of follow-up stratified by
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Figure 4 SARS-CoV-2-specific antibody levels at 7 and 12 weeks of follow-up in close contacts who were seropositive (S/CO 21) at 7 weeks of follow-up and patients
with an asymptomatic or symptomatic COVID-19 infection. (A) SARS-CoV-2-specific IgG antibody levels in close contacts who were seropositive at 7 weeks of
follow-up (n=30), patients with an asymptomatic COVID-19 infection (n=12) and patients with a symptomatic COVID-19 infection (n=47) at 7 weeks of follow-up
(close contact vs asymptomatic infection, *p=0.035; close contact vs symptomatic infection ***p<0.001). (B) SARS-CoV-2-specific IgG antibody levels in close contacts
who were seropositive at 7 weeks of follow-up (n=30), patients with an asymptomatic COVID-19 infection (n=12) and patients with a symptomatic COVID-19
infection (n=47) at 12 weeks of follow-up (close contact vs asymptomatic infection, **p=0.004; close contact vs symptomatic infection, ***p<0.001).

confirmed COVID-19 infections.” Among the close con-
tacts identified in this study, only 8.3% (30/360) and
0.83% (3/360) were SARS-CoV-2 seropositive at 7
weeks or 12 weeks of follow-up, respectively, and SARS-
CoV-2—specific antibody levels had decreased to baseline
in 99.17% of close contacts by 12 weeks of follow-up.
These findings indicate that close contacts generate
a transient SARS-CoV-2—specific antibody response that
rapidly wanes, providing short-lived protective immunity.
In contrast, the duration of SARS-CoV-2 IgG seropositiv-
ity was stable (S/CO>1) for 3 months in patients with
confirmed COVID-19 infections. In the present study,
100% (12/12) and 75% (9/12) of patients with an asymp-
tomatic COVID-19 infection and 95.7% (45/47) and
93.6% (44/47) of patients with a symptomatic COVID-19
infection were SARS-CoV-2 seropositive at 7 weeks or 12
weeks of follow-up, respectively. These data are consistent
with previous reports that show high positive rates of

virus-specific antibodies, an initial decrease, and sustained
plateaus of low antibody levels in patients with confirmed
COVID-19 infections.”'°

Entry of coronaviruses to host cells is mediated by the
spike (S) glycoprotein of SARS-CoV-2. SARS-CoV-2
antibodies can recognize the N-terminal domain and
other regions on the S glycoprotein, which can neutralize
SARS-CoV-2.'%!3 Some evidence shows a positive corre-
lation between severity of COVID-19 disease and virus-
specific IgG and IgM antibody titers.”'" In the present
study, the number of SARS-CoV-2 seropositive patients
with an asymptomatic or symptomatic COVID-19 infec-
tion declined over the follow-up, but antibody titers
remained stable Low levels of certain antibodies have
potent neutralizing capability; however, recent reports sug-
gest that COVID-19 re-infection may occur on re-
exposure to SARS-CoV-2 due to a decline in antibody

levels after an initial infection.>®'* Extrapolating from
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Figure 5 Change in SARS-CoV-2-specific antibody levels at 7 and 12 weeks of follow-up in close contacts who were seropositive (S/CO 21) at 7 weeks of follow-up and
patients with an asymptomatic or symptomatic COVID-19 infection. (A) SARS-CoV-2-specific IgG antibody levels in close contacts who were seropositive at 7 weeks of
follow-up (n=30) (7 weeks vs 12 weeks of follow-up in close contacts, ***p<0.001); (B) SARS-CoV-2-specific IgM antibody levels in close contacts who were seropositive at
7 weeks of follow-up (n=30); (C) SARS-CoV-2-specific IgG antibody levels in patients with an asymptomatic COVID-19 infection (n=12); (D) SARS-CoV-2-specific IgM
antibody levels in patients with an asymptomatic COVID-19 infection (n=12) (7 weeks vs 12 weeks of follow-up in patients with an asymptomatic COVID-19 infection,
*p=0.003); (E) SARS-CoV-2-specific IgG antibody levels in patients with a symptomatic COVID-19 infection (n=47) (7 weeks vs 12 weeks of follow-up in patients with
a symptomatic COVID-19 infection, *=0.029); (F) SARS-CoV-2-specific IgM antibody levels in patients with a symptomatic COVID-19 infection (n=47).

these reports and the findings from the current study, we
suggest that low antibody titres in close contacts are unli-
kely to provide effective immune protection against
SARS-CoV-2 over the long term.

Our findings showed that SARS-CoV-2-specific 1gG
and IgM antibody levels were significantly higher at 7
and 12 weeks of follow-up in close contacts exposed in
the hospital setting compared to the social setting.
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However, at 7 weeks of follow-up, SARS-CoV-2 IgM
antibody levels were significantly higher in close contacts
who were exposed through a relative compared to
a doctor—patient relationship, and at 12 weeks of follow-
up, SARS-CoV-2 IgG antibody levels were significantly
higher in close contacts who were exposed through
a colleague compared to a doctor—patient relationship.
This study was conducted in a hospital that provides
healthcare to the community in Qiongzhong at the center
of Hainan province. Close contacts comprised medical
staff and individuals from the community. The number of
close contacts of the case-patients was lower than has been
reported elsewhere in China,” possibly because the hospi-
tal was not authorized to receive patients with COVID-19,
communities in Qiongzhong have low population densi-
ties, and public health measures in Qiongzhong effectively
controlled local transmission. Similar to our results,
SARS-CoV-2 antibody screening in 3056 health-care
workers at a hospital in Belgium revealed 6.4% of study
participants had SARS-CoV-2-specific IgG antibody; how-
ever, only having a household contact with suspected or
confirmed COVID-19 was associated with antibody
positivity."> In New York, the prevalence of SARS-CoV
-2 antibodies was significantly lower among hospital
employees compared to the general public on Long
Island (9.9% vs 16.7%, P<.001),'® potentially due to
safety strategies implemented in hospitals.

Importantly, and consistent with previous reports,'” we
found that 56.7% (17/30) of close contacts aged <18 years
were seropositive at 7 weeks of follow-up, and SARS-
CoV-2-specific IgG and IgM antibody levels were signifi-
cantly higher in close contacts aged <18 years compared to
close contacts aged 18—64 years. These data suggest that
close contacts aged <18 years rapidly build immunity to
SARS-CoV-2. Considering current vaccination programs
in China and some other countries around the world do not
include individuals aged <18 years old, the antibodies
elicited by close contact may have a protective effect,
and the spread of SARS-CoV-2 may be slower in this
age group.'® An estimated 2.2% of incident COVID-19
cases occur in individuals aged <19 years old, clinical
manifestations are usually mild, and the case fatality rate
in this age group is <0.1%.* The infection rate among
close contacts of children and adolescents is 13.2%, and
significantly lower than among close contacts of adults
(21.2%)." This is consistent with the conclusion that

high SARS-CoV-2 seroprevalence in children may have

a significant protective effect. Conversely, individuals
aged <18 years with a COVID-19 infection that do not
have clinical symptoms may unknowingly expose others,
increasing the risk for clusters of SARS-CoV-2 infections
in schools. Public health measures, such as wearing
a mask, maintaining social distance and practicing proper
personal hygiene, should be implemented to prevent trans-
mission of SARS-CoV-2 in schools. Parents, teachers and
other staff in schools should be vaccinated to protect the
students from infection and establish an immune barrier to
limit SARS-CoV-2 transmission from school to society.

This study was associated with several limitations.
First, measurement of neutralizing antibody titers was
restricted due to lack of biosafety Level 3 (BSL-3) labora-
tory. Second, a longer follow-up is required to determine
whether SARS-CoV-2-specific antibody levels continued
to decline or reached a plateau. Third, the number patients
with an asymptomatic COVID-19 infection was low due to
the lack of an effective diagnostic test to identify these
individuals in a timely manner.

In conclusion, this study showed that the SARS-CoV
-2-specific antibody response conferred by close contact
with an individual with a COVID-19 infection is short
term and unlikely to contribute to herd immunity against
SARS-CoV-2. Until the threshold of herd immunity against
SARS-CoV-2 is reached, outbreaks will lead to resurgence
of COVID-19 in the general population. There remains an
unmet public health need for mass vaccination of popula-
tions around the world to increase levels of protective anti-
bodies, achieve and maintain herd immunity, and curb future
waves of the COVID-19 pandemic.
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