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ABSTRACT
The SARS-CoV-2 Omicron variant has led to a major wave of COVID-19 in Hong Kong between January and May 2022.
Here, we used seroprevalence to estimate the combined incidence of vaccination and SARS-CoV-2 infection, including
subclinical infection which were not diagnosed at the acute stage. The overall seropositive rate of IgG against receptor
binding domain (anti-RBD IgG) increased from 52.2% in December 2021 to 89.3% in May 2022. The level of anti-RBD IgG
was lowest in the 0–9 and ≥80 year-old age groups in May 2022. The seropositive rate of antibody against ORF8, which
reflects the rate of prior infection, was 23.4% in May 2022. Our data suggest that although most individuals were either
vaccinated or infected after the fifth wave, children and older adults remain most vulnerable. Public health measures
should target these age groups in order to ameliorate the healthcare consequences of upcoming waves.
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The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Omicron variant emerged in Novem-
ber 2021 [1,2]. The combination of high contagious-
ness [3], together with the ability to escape prior
immunity [4,5], facilitated the Omicron variant to
cause outbreaks even in areas employing an elimin-
ation strategy [6,7]. In Hong Kong, although
BNT162b2 and CoronaVac vaccination began since
February 2021, the number of COVID-19 cases
confirmed by reverse transcription-polymerase chain
reaction (RT–PCR) or antigen test increased rapidly
between January and March 2022 during the Omi-
cron-dominant fifth wave [6], and exceeded one
million in March 2022.

Previous studies suggested that patients with either
infection or vaccination have a lower risk of severe
infection [8,9]. Therefore, knowledge on the pro-
portion of the population who have been vaccinated
or infected would be critical for risk assessment of
upcoming waves. Although the number of patients
with vaccination is well documented, the actual

number of infected individuals is uncertain since
many patients were not tested at the time of acute
illness.

In order to attain a more accurate age-specific esti-
mate of the proportion of the Hong Kong population
who have been infected and protected, we conducted a
cross-sectional seroprevalence study. We retrieved a
total of 873 anonymized archived serum or plasma
specimens collected in December 2021 and May
2022 in Hong Kong (Supplementary Table S1) [10].
Details of the blood specimens, antibody assays and
statistical analysis are presented in the Supplementary
Methods.

We first assessed the seropositive rate of immuno-
globulin G against the SARS-CoV-2 RBD (anti-RBD
IgG) [11]. Anti-RBD IgG can be elicited by prior infec-
tion or vaccination. The overall seropositive rate of
anti-RBD IgG increased from 52.2% (221/423) in
December 2021 to 89.3% (402/450) in May 2022 (P
< 0.001). The greatest increase of anti-RBD IgG sero-
positive rates occurred in the 0–9 and ≥80 year-old
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age groups (absolute difference between May 2022 and
December 2021: 70% for 0–9 year-old and 61% for
≥80 year-old) (Figure 1(A)). For both time periods,
the anti-RBD IgG seropositive rate was highest in
the 20–29 year-old age group (75% [39/52] in Decem-
ber 2021; 100% [50/50] in May 2022) but lowest in the
0–9 year-old age group (0% [0/19] in December 2021;
70% [35/50] in May 2022). The anti-RBD IgG seropo-
sitive rate of the 0–9 year-old age-group was signifi-
cantly lower than those of other age groups (70%
[35/50] vs 91.8% [367/400]; P < 0.0001) in May 2022.
Within the 0–9 year-old age group, those aged 1–2
years had a significantly lower anti-RBD IgG seroposi-
tive rate than those aged 3–9 years old (33% [3/9] vs
79% [27/34]; P = 0.0137) in May 2022 (Figure 1(B)).

We also analysed the level of anti-RBD IgG in our
population. There was a significant increase in the
geometric mean anti-RBD IgG level in all age groups
(Figure 1(C)). In December 2021 and May 2022, the
geometric mean anti-RBD IgG level was highest in
the 20–29 year-old age group. In May 2022, the geo-
metric mean anti-RBD IgG levels of the 0–9 year-old
(213 AU/ml) and >80 year-old (500 AU/ml) age
groups were 23.7- and 10.1-fold lower than that of
the 20–29 year-old age group (5046 AU/ml). To
further delineate the levels of anti-RBD IgG among
vaccinated or infected patients, we retrieved serum

specimens from patients infected with Omicron with-
out prior vaccination (Omicron/non-vaccinated),
those infected with Omicron with prior vaccination
(breakthrough Omicron), and those who have
received 2 doses of vaccination without infection (2-
dose-vaccinated). The breakthrough Omicron group
(median, 16184 AU/ml; interquartile range [IQR],
6104-27503) had significantly higher anti-RBD IgG
level than the Omicron/non-vaccinated group
(median, 360.1 AU/ml; IQR, 3.9-18372) or the 2-
dose vaccinated group (median, 5830; IQR, 1076-
12772) (P = 0.0108) (Supplementary Figure S1).

One drawback of anti-RBD IgG is that it cannot
differentiate between infection and vaccination.
Anti-N IgG has been used in estimating the prevalence
of natural infection in areas without the use of inacti-
vated virus vaccines [12]. However, the Hong Kong
vaccination programme includes CoronaVac, an inac-
tivated virus vaccine, which can elicit anti-N IgG. On
the other hand, ORF8 is only produced during infec-
tion, and therefore anti-ORF8 IgG should only be pre-
sent in patients with infection [13]. The overall
seropositive rate of anti-N IgG increased from 1.7%
(7/412) to 43.2% (172/398) (Figure 1(D)), while the
seropositive rate for anti-ORF8 IgG increased from
2.7% (10/372) to 23.4% (86/367) (Figure 1(E)). The
seropositive rates of anti-ORF8 IgG was slightly higher

Figure 1. Serosurveillance of the Hong Kong population in December 2021 and May 2022. (A) Age-specific anti-RBD IgG seropo-
sitive rates. Data represent the seropositive rate, and the error bar represents the 95% confidence interval. (B) Comparison of ser-
opositive rates among <1, 1–2 and 3–9 year-old individuals in May 2022. Data represent the seropositive rate, and the error bar
represents the 95% confidence interval. (C) Age-specific anti-RBD IgG levels in December 2021 and May 2022. Data represent
geometric mean and error bar represents the 95% confidence interval. (D&E) Age-specific anti-N (D) and anti-ORF8 (E) IgG ser-
opositive rates. Data represent the seropositive rate, and the error bar represents the 95% confidence interval. *P < 0.05; **P
< 0.01; ***P < 0.001; ****P < 0.0001.
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among older adults (>25% for those aged ≥60 years)
than children and younger adults (≤20% for those
aged <40 years).

Discussion

Our data showed that there was a significant increase
in the overall anti-RBD IgG seropositive rate in Hong
Kong between December 2021 (just before the Omi-
cron wave) and May 2022 (two months after the
peak of the Omicron wave). The high overall seropo-
sitive rate (89.3%) was driven by the large number of
infections and increased vaccination uptake rate
during the Omicron wave. The results from our cur-
rent serosurveillance concur with our previous esti-
mates of protection, 72.9–88.7%, using data from
vaccination and RT–PCR or antigen test-confirmed
infection [14]. With this high seropositive rate,
Hong Kong may be protected from a large outbreak
of severe COVID-19 with antigenically similar strains.
However, as SARS-CoV-2 continues to evolve, we
should continue to monitor for novel variants which
can escape our population immunity and cause future
outbreaks.

In this study, we used an anti-RBD IgG assay to
determine the seroprevalence. We previously showed
that anti-RBD IgG was more reliable than anti-N
IgG or neutralizing antibody test in documenting
past infection [11]. Sauré et al showed that >90% of
BNT162b2 vaccine recipients, but only 47.3% of Cor-
onaVac recipients, were seropositive for anti-RBD IgG
at 16 weeks after second dose vaccination [15]. There-
fore, anti-RBD IgG is the most reliable serological
marker for past infection or BNT162b2 vaccination,
but may underestimate the number of individuals
with CoronaVac vaccine. The overall anti-ORF8 IgG
seropositive rate, which represent the rate of prior
infection, was 23.4% in May 2022, which was 1.4-
fold higher than the RT–PCR/antigen test positive
rate (16.2% [1,204,210/7,413,070] as of April 30,
2022). Thus, our seroprevalence study also reveals
the hidden burden of infection. A limitation in our
study is that since we included archived specimens
from patients attending the hospital, our seropreva-
lence data may not be representative of health individ-
uals without comorbidities.

Our results suggested that although the overall ser-
opositive rate was high in May 2022, the population
aged 0–9 years and those aged ≥80 years old remain
vulnerable. Within the 0–9 year-old age group, those
aged 1–2 years old had a much lower seropositive
rate than and those 3–9 years old (33% vs 79%).
This is likely because the 1–2 year-old children could
not benefit from maternal antibodies and were not eli-
gible for COVID-19 vaccination. For older adults aged
≥80 years, although their seropositive rate was 86%,
the geometric mean anti-RBD IgG titers were 10.1-fold

lower than younger adults in May 2022. Public health
measures should specifically target these age groups.
Our data would also be useful to other places with simi-
lar public health strategies as in Hong Kong.
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