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Effects of strict public health measures on
seroprevalence of anti-SARS-CoV-2 antibodies
during pregnancy
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ABSTRACT

Introduction: A substantial number of people
infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) remain asymptomatic
throughout the course of infection. Nearly half of
pregnant women with coronavirus disease 2019
(COVID-19) are asymptomatic upon diagnosis; these
cases are not without risk of maternal morbidity.
Here, we investigated the seroprevalence of anti—
SARS-CoV-2 antibodies in an unselected sample of
pregnant women in Hong Kong.

Methods: This prospective cohort study included
pregnant women who presented for routine Down
syndrome screening (DSS) between November 2019
and October 2020; all women subsequently delivered
at the booking hospitals. Serum antibodies against
SARS-CoV-2 were analysed using a qualitative
serological assay in paired serum samples taken at
DSS and delivery for all participants.

Results: In total, 1830 women were recruited.
Six women (0.33%) were seropositive at the DSS
visit; this seropositivity persisted until delivery. Of
the six women, none reported relevant symptoms
during pregnancy; one reported a travel history
before DSS and one reported relevant contact
history. The interval between sample collections
was 177 days (range, 161-195). Among women
with epidemiological risk factors, 1.79% with travel
history, 50% with relevant contact history, and 0.77%
with community SARS-CoV-2 testing history, were

seropositive.

Conclusion: The low seroprevalence in this study
suggests that strict public health measures are
effective for preventing SARS-CoV-2 transmission.
However, these measures cannot be maintained
indefinitely. Until a highly effective therapeutic
drug targeting SARS-CoV-2 becomes available,
vaccination remains the best method to control the
COVID-19 pandemic.
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* The seroprevalence of severe acute respiratory syndrome coronavirus 2 (anti—-SARS-CoV-2) antibodies in an
unselected sample of pregnant women in Hong Kong was low.

e Public health measures are effective for limiting the transmission of SARS-CoV-2.

* Anti-SARS-CoV-2 antibodies persist for at least 6 months.

* Serological testing could be utilised at antenatal screening to confirm the presence of anti—-SARS-CoV-2
antibodies, preferably acquired through vaccination; such antibodies would provide some protection for the
pregnant woman and her baby during the remaining portion of the pregnancy.

Introduction

A substantial number of people infected with severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) remain completely asymptomatic throughout
the course of infection.! In a recent prospective
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observational study of maternal and neonatal
complications among 2130 pregnant women with
and without SARS-CoV-2 infection, 44% of pregnant
women diagnosed with coronavirus disease 2019
(COVID-19) were asymptomatic upon diagnosis.
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Despite this asymptomatic status, they exhibited
increased risks of maternal morbidity (relative
risk=1.24; 95% confidence interval=1.00-1.52) and
pre-eclampsia (relative risk=1.63; 95% confidence
interval=1.01-2.63), compared with pregnant women
who had not been diagnosed with COVID-19.2In a
retrospective cohort study conducted in Spain, 3.1%
of 759 pregnant women exhibited anti—-SARS-CoV-2
antibodies and had been asymptomatic throughout
pregnancy.® Serological testing may serve as a useful
tool to identify pregnant women who have recovered
from a recent asymptomatic SARS-CoV-2 infection;
this information can help guide the management of
potential future complications.

Before the imposition of strict border control,
a large number of people travelled between Hong
Kong and the rest of the world each day. Pregnant
women could have been infected without their
knowledge because of asymptomatic or very mild
disease. Furthermore, pregnancy symptoms can
mask some COVID-19 symptoms, particularly if the
COVID-19 symptoms are mild.* In this study, we
invited women who had undergone Down syndrome
screening (DSS) since November 2019 to ascertain
the seroprevalence of anti-SARS-CoV-2 antibodies
in an unselected sample of pregnant women in Hong
Kong. The findings were expected to provide insights
concerning the asymptomatic infection rate among
pregnant women.

Methods

This prospective cohort study included pregnant
women who presented for routine DSS and
underwent routine blood sample collection at 11 to
13 weeks of gestation between November 2019 and
October 2020. All participants delivered at Kwong
Wah Hospital or Prince of Wales Hospital, Hong
Kong; the last delivery occurred in March 2021.
Eligibility criteria included consent to serum storage
for future research purposes and intention to deliver
atthe bookinghospital. Eligible women who attended
the booking hospital for delivery were invited to
participate in the study. Women who delivered
elsewhere, experienced pregnancy termination or
miscarriage, or received a diagnosis of COVID-19
before the study were excluded. Women who agreed
to participate in the study were asked to provide
written informed consent for blood collection at
delivery. Symptoms of COVID-19 throughout the
pregnancy were evaluated at recruitment and at
delivery.

Serum antibodies against SARS-CoV-2 were
analysed using a qualitative serological assay.
Qualitative detection ofanti-SARS-CoV-2antibodies
(immunoglobulin G [IgG] and immunoglobulin M
[IgM]) directed against the nucleocapsid protein
(N-protein) of the virus was performed using the
Elecsys Anti-SARS-CoV-2 assay (Roche, United

& Seroprevalence of anti-SARS-CoV-2 during pregnancy &

BIRN AR FE SRR EHZEIMSARS-CoV-2
e m AR E
2rzEgN ~ 2RERFY ~ Daljit S Sahota ~ LEE « FLER - REH -
2k - BREM - BERE
Bl E  RERAEBRESMWRASKiSETMRFES2 (SARS-CoV-2)
MNEETEEERPEREPRERER - I —FRXE2019TRFEE
RN BRI R ABERERRES @ ELRADEERERHBEN
BRER o AR EEAEE BRI IBERATHTSARS-CoV-27188
BRIER -
7% EIERIEMER TR ZEANA20194E11 5 £20204E10 8 HAR#EST
BERGEERENE - FTARIEHETENE RS R - WEATERE
B SN BT ERGSER SN G RENRER » BE
M B 2B B A D HTHISARS-CoV-2 M5 H1 S o
MR - HHEF1830854F » HRx&20m (0.33%) EEKAREER
BIFSARS-CoV-2 B MEE 2 BN B DG - ENBRIFEIE
ZHARE R 3R R Z2 SARS-CoV-2 (B BRIEMR  —RBRMEZ MK
T8 —RPIRREEBEEL - Z2E MR AR ER EER&177
K (NF161-195K) - BERITRELBRAEARZNZEF > 1.79%8 k1T
0 50%BHEBERSE 0 0.77% B L ESARS-CoV-2128 & M5 i ie %
PSR o
ftim | AR - BIDEMERBERKRPBRENALEESEBEE
A B MTELTSARS-CoV-2E#% © (BiE LLERISHYE I 18 he A AP FE R HA
HF TR E - IR SARS-CoV-2BRAEREY I » E & ERE{NA

REH2019BRASRARITHIRET A °

States) on a Cobas® e41l analyser. The result
was provided as a cut-off index (COI). A positive
anti-SARS-CoV-2 antibody result was defined as
COI =1.0. Individuals who had recovered from
COVID-19 were recruited as positive control cases
(COI 21.0); individuals who had negative SARS-CoV-2
test results were recruited as negative control cases
(COI <1.0) to ensure quality control in the anti—
SARS-CoV-2 immunoassay.

Positive results based on qualitative detection
of anti—-SARS-CoV-2 antibodies were subsequently
confirmed by quantitative measurements of IgG
and IgM antibodies against the SARS-CoV-2 spike
protein by using enzyme-linked immunosorbent
assays (ImmunoDiagnostics Limited, Hong Kong).
All tests were performed in duplicate, in accordance
with the manufacturer’s instructions. Results were
interpreted as negative when the optical density was
<0.2 and as positive when the optical density was
>0.2. For samples with positive results, anti—spike
protein concentrations (ng/mL) were calculated.

Continuous  variables were  expressed
as medians (interquartile ranges or ranges).
Categorical variables were summarised as counts
and percentages. SPSS Statistics (Windows version
26.0; IBM Corp, Armonk [NY], United States) was
used for data analyses.
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The STROBE reporting guidelines were used
during the preparation of this manuscript.

Results

In total, 3219 consecutive pregnant women were
approached; 306 declined participation and 1083
were excluded, including two with laboratory-
confirmed SARS-CoV-2 infection, 69 who
experienced miscarriage or pregnancy termination,
and 1012 who planned delivery elsewhere. Thus,
1830 women were recruited to the study and
provided written informed consent to participate.
In total, 1810 (98.9%) women were Chinese, and
852 (46.6%) women were nulliparous. The median
(interquartile range) maternal weight, height and
age were 55.5 kg (50.3-62.5), 159 cm (155-163) and
33.0 years (30.2-36.4), respectively.

In total, six women (0.33%) were seropositive
(COI =1) at the DSS visit; this seropositivity persisted
until delivery. Among these six women, one exhibited
both anti—-SARS-CoV-2 IgG and IgM antibodies;
the IgM antibodies were undetectable at delivery.
The remaining seropositive women exhibited only
anti-SARS-CoV-2 IgG antibodies at both visits. All
six of these women reported no relevant symptoms
during pregnancy. Among the six women, one
reported a travel history before her first DSS and one
reported relevant contact history. The median COlIs

TABLE. Characteristics of the study sample”

were 2.465 (interquartile range=1.430-3.178) and
1.680 (interquartile range=1.145-2.350) at DSS and
delivery, respectively. The interval between sample
collections was 177 days (range, 161-195). The COI
at delivery was lower by a median of 31.8% (range,
12.0-35.1), compared with the COI at the DSS visit.

Characteristics of the study sample are
presented in the Table. Fifty six women reported a
travel history during pregnancy; one (1.79%) was
seropositive at both visits. Two women reported
relevantcontacthistoryduringpregnancy;one(50.0%)
was seropositive at both visits. Forty two women
reported relevant symptoms during pregnancy;
all were seronegative at both visits. Of the 1788
asymptomatic women, six (0.34%) were seropositive
at both visits. In all, 259 women reported undergoing
community SARS-CoV-2 testing during pregnancy;
all tested negative. Among these 259 women,
two (0.77%) were seropositive at both visits.

Discussion

Our findings demonstrated a low seroprevalence
(0.33%) of anti—-SARS-CoV-2 antibodies in an
unselected sample of pregnant women in Hong
Kong. Among women with risk factors for
SARS-CoV-2 infection, 1.79% and 50% with a travel
history and relevant contact history, respectively,
were seropositive. This finding suggests that targeted

COVID-19 history during

No. (%) [n=1830] Antibody COl at DSS Seropositive at

Antibody COI at Seropositive at

pregnancy DSS delivery delivery
Travel history 56 (3.06%) 0.080 (0.071-0.089) 1(1.79%) 0.060 (0.057-0.073) 1(1.79%)
Relevant contact history 2 (0.11%) 0.081, 3.230 1 (50.0%) 0.066, 2.480 1 (50.0%)
Any relevant symptoms’ 42 (2.30%) 0.083 (0.078-0.086) 0 0.078 (0.067-0.089) 0

Cough 14 (0.77%) 0.084 (0.082-0.085) 0 0.075 (0.069-0.085) 0

Sore throat 12 (0.66%) 0.082 (0.080-0.083) 0 0.077 (0.068-0.083) 0

Runny nose/sneezing 7 (0.38%) 0.078 (0.071-0.081) 0 0.091 (0.083-0.091) 0

Fever 13 (0.71%) 0.085 (0.083-0.088) 0 0.076 (0.070-0.084) 0

Malaise 2 (0.11%) 0.088, 0.122 0 0.065, 0.091 0

Rash 2 (0.11%) 0.072, 0.093 0 0.058, 0.059 0

Headache 1(0.05%) 0.297 0 0.327 0

Diarrhoea 3 (0.16%) 0.080 (0.078-0.087) 0 0.092 (0.080-0.093) 0

Vomiting 2(0.11%) 0.074, 0.091 0 0.070, 0.084 0

Dizziness 2 (0.11%) 0.076, 0.556 0 0.092, 0.475 0
Asymptomatic 1788 (97.70%) 0.083 (0.078-0.089) 6 (0.34%) 0.071 (0.063-0.085) 6 (0.34%)
History of community SARS-CoV-2 259 (14.15%) 0.084 (0.080-0.090) 2 (0.77%) 0.084 (0.071-0.091) 2 (0.77%)

testing (all negative)

Abbreviations: COI = cut-off index; COVID-19 = coronavirus disease 2019; DSS = Down syndrome screening; SARS-CoV-2 = severe acute respiratory

syndrome coronavirus

2

“ Data are shown as median (interquartile range), individual values, or No. (%), unless otherwise specified
t Participants were either asymptomatic or symptomatic with one or more relevant symptoms. Their travel history, relevant contact history, and
SARS-CoV-2 test status were also recorded
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serological testing of pregnant women with a
positive epidemiological link is useful for identifying
women who have recovered from asymptomatic
SARS-CoV-2 infection. A limitation of this study
was that we relied on recruited individuals to recall
COVID-19 symptoms throughout pregnancy,
using only two recall time points: recruitment and
delivery. This aspect may have introduced recall bias,
particularly when COVID-19 symptoms could be
non-specific and overlap with pregnancy symptoms.
However, this limitation presumably did not have a
large effect on the results because the seroprevalence
of anti-SARS-CoV-2 antibody found in our
unselected sample of pregnant women was very low.
With a population of over 7 million, Hong Kong has
largely been successfulin controlling the transmission
of SARS-CoV-2. Only 11981 confirmed or probable
cases have been recorded since the beginning of the
epidemic.® Thus, it is reasonable that the number of
asymptomatic SARS-CoV-2 infections has also been
low; this low number of asymptomatic infections has
led to a low seroconversion rate in pregnant women.

Compared  with  other  seroprevalence
studies in pregnant women, the seroprevalence
recorded in our study was substantially lower. The
seroprevalence rates were 14% and 21% in Barcelona®
and southern Madrid® (both in Spain), respectively.
The low seroprevalence of anti—-SARS-CoV-2
antibodies recorded in our study is presumably

& Seroprevalence of anti-SARS-CoV-2 during pregnancy &

related to the implementation of a series of infection
control strategies, including strict border control,
mandatory quarantine for inbound travellers, mask
wearing, and meticulous contact tracing. Hong
Kong has learnt from its prior experience combating
the SARS (severe acute respiratory syndrome)
outbreak in 2003; accordingly, it implemented
serious control measures early during the current
epidemic. The Figure outlines the timeline of public
health measures implemented during the first three
waves of the epidemic in Hong Kong. By the end of
March 2020, Hong Kong had closed its border to
all incoming non-residents arriving from overseas
and stopped transits through the city. All returning
residents were subject to mandatory quarantine
for 14 days; the quarantine period was extended to
21 days in December 2020. Locally, temporary
closures of gyms, karaoke venues, clubs, and
bars were periodically enforced, depending on
the incidence of COVID-19. Dine-in service was
forbidden from 6:00 pm to 5:00 am for several
months, beginning in mid-July 2020. Mask wearing
in public indoor areas and public transportation was
also mandatory at that time. Notably, all seropositive
cases in this study were first identified at the DSS
visit between February 2020 and July 2020. This
suggests that the seropositive cases acquired
their infections during the first two waves of the
epidemic; the implementation of stricter control

Closures of all karaoke lounges, nightclubs, beauty parlours,

massage parlours, and mahjong premises

°
- Closure of border to all incoming non-residents arriving from overseas

- Ban of transits through HK

- All returning residents were subject to compulsory quarantine for 14 days
- Returning residents from high-risk countries required to submit a deep throat saliva sample for screening

L]
100 confirmed cases in HK
L ]

1st cases of local transmission
Closure of all public museums, public libraries and sport centres

L ]
WHO issued an alert regarding 44 patients with
pneumonia of unknown aetiology in China
L ]

Suspension of visiting in all public hospitals

Mandatory mask-wearing in public indoor areas
°

- Restaurants allowed to remain open till 9pm

- Some leisure centres reopened

- Mask-wearing relaxed during outdoor activities
L

- Closure of leisure centres

- Dine-in restaurant service forbidden from 6pm to 5am

- Ban of any indoor or outdoor gathering with >4 people

- Mandatory mask-wearing i2 public transport

Distribution of face masks to all citizens

Initiation of border control + announcement of first work at home advice
L ]

All pubs and bars closed for 14 days after LKF cluster

Availability of free COVID testing for all citizens

1st wave 2nd wave 3rd wave
_— f"'h‘ﬂ
nov dec jan feb mar apr may jun jul aug sep oct nov
3 ') W, i U 8-y — 5 | -_ i \
2050 T 3 . .
L] | . L] .
1st COVID case in HK Return to office - Restaurants instructed to operated at 60% capacity

® Public facilities reopened
City-wide school closures

L4
Compulsory quarantine for individuals who have been to Mainland China in past 14 days
Introduction of prison sentences for breaching quarantine rules
(d
WHO declared COVID-19 as a pandemic

- Ban of gatherings involving >4 *

- <8 people per table

- Restaurants instructed to operate at 50% capacity and set their tables =1.5 metres apart

FIG. Timeline of public health measures during the first three waves of the COVID-19 epidemic in Hong Kong
Abbreviations: HK = Hong Kong; COVID = coronavirus disease 2019; LKF = Lan Kwai Fong (a local district of nightclubs and bars); WHO = World Health

Organization
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measures by the local government during the third
wave might have led to a lower transmission rate of
asymptomatic infection among pregnant women,
resulting in a lack of seroconversion during that
period. Moreover, pregnant women are presumably
more careful about social distancing and compliant
with public health regulations. It would be useful to
compare our seroprevalence results with the findings
in other countries where strict measures were also
implemented, such as Australia and New Zealand.
The humoral immune response is characterised
by the production of virus-specific neutralising
antibodies. Regardless of whether patients are
symptomatic, IgG or IgM seroconversion has
been observed in 65% to 100% of patients after
infection with SARS-CoV-2.7'* We previously
demonstrated that 75% of pregnant women with
laboratory-confirmed = SARS-CoV-2  infection
were seropositive at delivery.!’ In addition to the
strict control measures mentioned above, the low
seroprevalence recorded in our study might have
been related to undetectable antibody levels at the
time of specimen collection—the timing of blood
sample collection might not have been compatible
with antibody detection. However, this is unlikely to
have affected the findings among the large number
of pregnant women in this study. A longitudinal
study conducted in Wuhan, China, demonstrated
that the median times from the first virus-positive
test result to IgG or IgM seroconversion were 7 and
14 days in asymptomatic and symptomatic patients,
respectively.’? In the asymptomatic cohort, all
patients underwent seroconversion within 14 days
from the first positive reverse transcriptase—
polymerase chain reaction result.”>? While waning
immunity was observed at 5 months after infection,"
two studies showed that the antibody levels remained
high and detectable at 8 months after infection.!*
This finding is consistent with our results that the
antibodies persisted until delivery in all women who
had demonstrated seroconversion at the DSS visit.
Because the two blood samples in this study were
collected approximately 6 months apart, the timing
of specimen collection was presumably adequate to
identify most women who had contracted SARS-
CoV-2 and developed detectable levels of antibodies.
Concerns regarding the usefulness of
serological testing have been raised because of the
uncertain onset and duration of humoral immunity;
our study demonstrated a very low seroconversion
yield in an unselected sample of pregnant women.
Because of the ongoing vaccination programme, it
is increasingly difficult to distinguish people who
have acquired humoral immunity through natural
infection from people who have acquired humoral
immunity through vaccination. While the strict public
health measures in Hong Kong have significantly

reduced community transmission of SARS-CoV-2,
these measures cannot be maintained indefinitely.
The adverse effects of prolonged social distancing
measures on the economy, education, mental health,
and well-being of the population are immeasurable.
There is increasing evidence that the COVID-19
mRNA vaccines are safe and effective; thus,
pregnant women and women planning to become
pregnant are encouraged to undergo vaccination
at the earliest opportunity because pregnancy
is a risk factor for severe COVID-19-related
complications (eg, intensive care unit admission,
invasive ventilation requirement, and death).'®!” The
risk of preterm birth is also greater among pregnant
women with COVID-19, compared with pregnant
women who do not have COVID-19.%% QOur study
has demonstrated that anti—-SARS-CoV-2 antibodies
found at DSS persist until delivery. This result
suggests that the presence of anti—-SARS-CoV-2
antibodies in early pregnancy, preferably acquired
through vaccination, would provide some protection
for the pregnant woman and her baby during the
remaining portion of the pregnancy.

Until a highly effective therapeutic drug
targeting SARS-CoV-2 becomes readily available,
mass vaccination remains the best solution to control
the COVID-19 pandemic, avoid further lockdowns,
and allow a return to “normal” pre—COVID-19 life,
as well as saving lives. Our study highlights the
importance of a successful vaccination campaign.
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