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Mass SARS-CoV-2 molecular and serological screening of
medical staff and patients in Hangzhou, China: no evidence of
RNA detection, low seroprevalence, and limited exposure risk in
the hospital setting
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Background: To assess and limit the SARS-CoV-2 exposure risk from symptomless individuals in the
hospital setting, molecular and serological screening of staff and patients attending a tertiary hospital in
China was conducted.

Methods: SARS-CoV-2 RNA was tested by quantitative RT-PCR. Anti-SARS-CoV-2 IgM and IgG
were screened initially with two lateral flow immunoassays (LFIs) and further confirmed with three
chemiluminescence immunoassays (CLIAs). The assay performance was assessed using archived samples
from 32 confirmed COVID-19 cases and 80 healthy individuals.

Results: Between April 24 and May 8, 2020, 16,043 subjects (7,392 medical staff, 4,714 inpatients,
1,209 chaperones, 1,705 outpatients, and 1,023 fever clinic patients) were screened. No subject tested
positive for viral RNA. Seventy-three (0.46%) tested positive for IgM or IgG on the initial LFI screening,
of whom 63 were investigated with CLIAs: 2 (0.01%) were confirmed as seroreactive and 18 (0.11%) were
indeterminate. Unconfirmed seroreactivity was significantly more frequent in fever clinic patients. The
CLIAs showed similar (95.0-100%) IgM or IgG specificity but higher IgG sensitivity (93.75-96.88% uvs.
31.25-81.25%) than the LFIs. The confirmed seropositive cases included a previously discharged COVID-19
patient and an undiagnosed symptomless patient showing detectable IgM and IgG over 35 days of follow-up.
No transmission was evidenced within the corresponding family cluster.

Conclusions: Low SARS-CoV-2 prevalence and limited exposure risk were observed. Seroprevalence
varied between 0.012% and 0.12% according to the testing algorithm and the confirmation criteria used,
indicating that quality standards for serological tests are needed. Protective immunity in asymptomatic
COVID-19 patients who recovered needs to be investigated further, but the associated risk of transmission
appeared limited.
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Introduction

The outbreak of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has led to more than
13 million infections and more than 580,000 deaths, as
of July 16, 2020. Symptom-based control and prevention
of SARS-CoV-2 infection appear inefficient, as shown by
a growing number of studies that reported COVID-19
outbreaks in different congregate living situations due
to the transmission of asymptomatic or presymptomatic
SARS-CoV-2 infections (1-7). Medical institutions
are densely populated and consequently at high risk of
COVID-19 outbreaks. Arons er al. (2) reported a rapid
COVID-19 outbreak in a skilled nursing facility with 56%
of residents with positive test results being asymptomatic
at the time of testing. The relatively high proportion of
asymptomatic cases has also been documented in women
admitted for delivery (13.5%) or in patients attending
essential orthopedic surgery (12.1%) (4,8). Although
many studies have reported the clinical characteristics of
hospitalized COVID-19 cases, data about the prevalence
of SARS-CoV-2 infection, and especially anti-SARS-
CoV-2 seroprevalence in particular hospital populations,
remain poorly investigated. To prevent asymptomatic
transmission and ensure a safe medical environment, the
National Commission of the People’s Republic of China
recommended SARS-CoV-2 mass testing of different
populations in medical institutions, including patients who
need emergency hospitalization, patients attending fever
clinics, suspected COVID-19 cases and their close contacts,
and medical and technical hospital staff.

Most studies performed mass screening by using highly
sensitive and specific nucleic acid testing (NAT) assays
to detect SARS-CoV-2 infection (2,9,10). However,
NAT has some limitations, including not only cost- and
infrastructure-related issues but also possible false-negative
results, as suggested by the discrepancy observed among
viral RNA testing, serology, and clinical symptoms in
some cases (11). A study reported that 7.69% of suspected
COVID-19 cases and 4.3% of their close contacts with
anti-SARS-CoV-2 IgM or IgG reactive tested viral RNA-
negative in at least two sequential samples (12). Another
study showed that the combination of viral RNA and
antibody detection significantly improved the sensitivity of
COVID-19 diagnosis, even in the early phase of one week
after the onset of symptoms (13).

Aiming to prevent SARS-CoV-2 transmission in a
particular hospital setting, Sir Run Run Shaw Hospital,
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Zhejiang University School of Medicine, Hangzhou, China,
investigated the prevalence of SARS-CoV-2 exposure
by molecular and serological mass screening of hospital
staff, patients attending fever clinics, inpatients and their
chaperones, and outpatients from April to May 2020. We
present the following article in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7163).

Methods
Study design

People attending Sir Run Run Shaw Hospital were tested
for SARS-CoV-2 RNA by real-time RT-PCR. In parallel,
the proportion of SARS-CoV-2 antibody-positive (IgM
or IgG) individuals were estimated by using two rapid
lateral flow immunoassays (LFIs) simultaneously. Samples
that were IgM or IgG reactive on at least one assay were
considered initially reactive (IR). Subsequently, IR samples
were tested with three independent chemiluminescence
immunoassays (CLIAs) to confirm the serological status. IR
samples that tested IgM or IgG reactive with at least two
positive CLIAs were classified as confirmed seroreactive.

Study participants and sample collection

Nasopharyngeal swabs/sputum and serum samples were
collected from hospital staff, inpatients, inpatient chaperones,
outpatients, and fever clinic patients of Sir Run Run Shaw
Hospital between April and May 2020. Samples with
insufficient volume were excluded. In addition, 32 archived
serum samples from confirmed COVID-19 patients
and 80 negative samples were used as controls to evaluate
the analytical performance of the serological assays in the
study. The 32 patients were diagnosed with COVID-19
based on SARS-CoV-2 RNA positive testing following
symptom onset between January 31 and February 20,
2020. These patients originated from a prison transmission
cluster. The first confirmed case was a prison guard who had
been to Wuhan between January 14 and January 19, 2020.
We collected the blood of confirmed COVID-19 patients
on April 27, more than 2 months after their infections were
diagnosed. Eighty negative samples were collected from
healthy people and confirmed by a negative SARS-CoV-2
RNA test and CT scan in April 2020 at the medical center.
All samples were stored at -20 °C.

According to the Diagnosis and Treatment Protocol
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Table 1 Combinations of antigens used in different SARS-CoV-2
antibody detection assays

Antigens to detect

Assays Type

IgM 1gG Total Ab
Livzon (LFI-1) LFI  rNP-S1-RBD rNP-S1 NA
Vazyme (LFI-2) LFI rNP-S2 rNP-S2 NA
YHLO (CLIA-1) CLIA rNP-S1 rNP-S1 NA
Wantai (CLIA-2) CLIA RBD rNP RBD
Bioscience (CLIA-3)  CLIA RBD RBD NA

rS1, recombinant S1 subunit of SARS-CoV-2 spike protein;
rNP-S2, nucleoprotein and spike protein S2 subunit recombinant;
rNP-S1, nucleoprotein and spike protein S1 subunit recombinant;
RBD, spike protein receptor binding domain; rNP, recombinant
nucleoprotein; NA, not applicable.

for COVID-19 (Trial Version 7) published by the
National Health Commission of the People’s Republic
of China, a case was suspected when presenting with
any epidemiological history or at least two clinical
manifestations in the absence of clear epidemiological
history (14).

SARS-CoV-2 NAT

SARS-CoV-2 RNA was detected in nasopharyngeal swabs
or sputum by using a quantitative real-time RT-PCR
(Biogerm, Shanghai, China) targeting both the N gene and
ORF1lab gene according to the manufacturer’s instructions.
Forward and reverse primers and probes for the N gene
were 5'-GGGGAACTTCTCCTGCTAGAAT-3",
5'-CAGACATTTTGCTCTCAAGCTG-3', and 5'-VIC-
TTGCTGCTGCTTGACAGATT-VIC-3', respectively.
Forward and reverse primers and probes for the ORF1lab
gene were 5'-CCCTGTGGGTTTTACACTTAA-3",
5'-ACGATTGTGCATCAGCTGA-3'", and 5'-FAM-
CCGTCTGCGGTATGTGGAAAGGTTATGG-FAM-3',
respectively. The 95% limit of detection (LoD) was
1,000 copies/mL for both amplification reactions.

Serological testing

Serological mass screening was performed using two LFIs:
LFI-1 (Livzon, Zhuhai, Guangzhou, China) and LFI-2
(Vazyme, Nanjing, Jiangsu, China), simultaneously. Samples
IR with LFI were tested further with three CLIAs: CLIA-1
(YHLO, Shenzhen, Guangdong, China), CLIA-2 (Wantai,
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Beijing, China) and CLIA-3 (Bioscience, Tianjin, China).
The LFIs and CLIAs used different antigen recombinants
including the S1 subunit (rS1), nucleoprotein (rNP), and
spike protein receptor-binding domain (RBD) of the SARS-
CoV-2 spike protein to detect IgM and IgG (Table 1).

Statistical analysis

Statistical analyses were performed using the SPSS
package, v21 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics, such as medians with ranges and proportions
were calculated for most variables. Statistical comparisons
between groups were evaluated using the chi-square test. A
P value less than 0.05 was considered significant.

Ethical statement

The study conformed to the provisions of the Declaration
of Helsinki (as revised in 2013), available at: https://www.
wma.net/wp-content/uploads/2016/11/DoH-Oct2013-
JAMA . pdf. This study was approved by the Medical Ethical
Committee of Sir Run Run Shaw Hospital (Scientific
Research 20200331-45). As data were anonymous, written
informed consent was waived for the archived specimens
used. Written informed consent was obtained only from
the subjects who were found to have evidence of active or
past SARS-CoV-2 infection, and their close contacts for
additional investigations.

Results
Mass screening for SARS-Col-2 exposure

From April 24, 2020 to May 8, 2020, a total of 16,043 subjects
were included in the study. The characteristics of the
included populations were described in 7able 2. None of
these subjects tested SARS-CoV-2 RNA reactive by real-
time RT-qPCR (Figure 1). Serological screening with
LFIs showed no IgM or IgG reactivity in 15,970 samples
(99.54%). IgM and IgG were detected by at least one assay
in 50 (0.31%) and 26 (0.16%) samples, respectively. Overall,
the concordance between LFI-1 and LFI-2 testing results
was 99.85% (16,019/16,043) and 99.86% (16,021/16,043)
for IgM and IgG, respectively. However, only 52.0% (26/50)
of IgM+ and 15.4% (4/26) of IgG+ samples were reactive
consistently with the two assays (Figure I). Overall, 73
(0.46%) samples in which IgM or IgG was IR with at least
one assay included 3 IgM+/IgG+, 23 IgM-/IgG+, and 47
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Table 2 Characteristics of included populations

Parameters N (%)

Age (years), mean +SD 44+16

Gender 16,043 (100.0)
Male 6,556 (40.9)
Female 9,487 (59.1)

Population 16,043 (100.0)
Medical staff 7,392 (46.1)
Inpatients 4,714 (29.4)
Patient chaperones 1,209 (7.5)
Outpatients 1,705 (10.6)
Fever clinic patients 1,023 (6.4)

IgM+/1gG-.

Sixty-three samples that were IR for anti-SARS-CoV-2
(42 IgM+/1gG-, 18 IgM~/IgG+, and 3 IgM+/IgG+) were
tested with three CLIA assays for confirmation. Ten IR
samples could not be investigated further due to sample
volume limitations. Two samples were confirmed to be
consistently seroreactive with the three CLIA assays (Table 3).
Patient 1 was IgM and IgG IR with the two LFI assays
and confirmed as IgM CLIA reactive with optical density/
cutoff (S/CO) ratios of 1.37 (CLIA-1), 17.97 (CLIA-2), and
88.14 (CLIA-3), and IgG reactive with S/CO ratios of 7.87
(CLIA-1), 8.7 (CLIA-2), and 23.17 (CLIA-3). Patient 2
was IgG IR with LFI-2 and only confirmed as IgG reactive
with S/CO values of 10.04 (CLIA-1), 16.73 (CLIA-2), and
36.65 (CLIA-3). In addition, 14 out of 45 (31.1%) IgM IR
samples that were reactive with only one CLIA assay were
considered not confirmed (Table 3). Ten LFI-1+/LFI-2+ and
three LFI-1+/LFI-2- samples were CLIA-1-only reactive
[median S/CO: 2.31 (range, 1.06-6.32)] and one LFI-1+/
LFI-2+ sample was CLIA-3-only reactive (S/CO: 6.22).
Similarly, six out of 21 (28.7%) IgG IR samples (1 LFI-1+/
LFI-2+ and 5 LFI-1+/LFI-2-) were reactive with CLIA-
1 only [median S/CO: 1.49 (range, 1.03-1.98)]. Overall,
18 subjects were considered to have an indeterminate
serological status. The distribution of the 61 unconfirmed
LFI IR samples in the different populations was analyzed
(Table 4). A significantly higher rate of unconfirmed LFI
reactivity was observed in the group of patients attending
the fever clinic [1.2% (12/1,023)] than in the other four
groups. The lowest IR rate was observed among medical
staff (0.2%, 13/7,392). Unconfirmed LFI reactivity was
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essentially associated with IgM positive results [65.6%
(40/61)] irrespective of the population studied. Overall,
the serology confirmation rate was 3.2% (2/63), which led
to an estimated seroprevalence of 0.01% (2/16,033) in the
population studied.

Comparison of serological assay performance in SARS-
Col-2 RNA-positive and SARS-CoV-2 RNA-negative
populations

The analytical performance of LFI and CLIA assays
was evaluated using two control groups that included
32 confirmed SARS-CoV-2 RNA positive patients
(infected controls) and 80 SARS-CoV-2 RNA negative
and symptomless individuals (non-infected controls). The
concordance between LFI-1 and LFI-2 in RNA+ samples
was 87.5% (28/32) and 50.0% (16/32) for IgM and IgG,
respectively. As shown in Table 5, the LFI-1 assay had
higher IgM and IgG detection rates than the LFI-2 assay
[IgM: 18.75% (6/32) versus 6.25% (2/32), P=0.13; IgG:
81.25% (26/32) versus 31.25% (10/32), P<0.001]. CLIA-
3 had a significantly higher detection rate [65.63% (21/32)]
than CLIA-1 [18.75% (6/32)] and CLIA-2 [18.75% (6/32)]
which had detection rates similar to LFI-1 [18.75% (6/32)].
In contrast, all CLIA assays showed similar IgG detection
rates (93.75-96.88%) that were significantly higher than
those obtained with LFI assays (31.25-81.25%). The
median S/CO ratios observed in IgM and IgG CLIA
reactive samples were 2.35 and 4.60 with CLIA-1, 1.86
and 9.9 with CLIA-2, and 1.73 and 13.35 with CLIA-3,
respectively. All samples that tested IgM reactive on at least
one assay were found to also be IgG reactive, except for one
sample in which IgM had low reactivity with CLIA-3 (S/
CO: 1.46). All IgG positive samples were reactive with the
three CLIA assays, except for one sample with low reactivity
with CLIA-2 (S/CO: 1.21) but IgM reactivity with CLIA-
3 (S/CO: 3.73). Combining IgM and IgG detection seemed
to have no improvement on the sensitivity of serological
screening except for CLIA-3 (Table 5).

In the negative control, LFI assays showed 100%
specificity for both IgM and IgG (Zable 5). Similarly, CLIA-
1 and CLIA-3 showed 100% specificity for IgM and IgG,
respectively. IgM specificity was 98.75% and 97.5% for
CLIA-2 and CLIA-3, and IgG specificity was 98.75% and
95.0% for CLIA-1 and CLIA-2, respectively. Irrespective
of the assay used, S/CO values in reactive samples
were borderline suggesting false positivity. Overall, the
nature and number of viral antigens used in the different
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A 16,043 individuals

N

Nasopharyngeal
y y

swab/sputum
SARS-CoV2 RNA testing SARS-CoV2 IgM & IgG testing
(RT-PCR) (LFI1 + LFI2)

N

Serum

Y

16,043 (100%)
RNA non-reactive

IgM non-reactive
LFI1-/LFI2- N= 15,993 (99.69%)

IgM reactive
LFI1+/LFI2+ N=26 (0.16%)
LFI1+/LFI2- N=22 (0.14%)
LFI1-/LFI2+ N=2 (0.01%)

1gG non-reactive
LFI1-/LFI2- N=16,017 (99.84%)

IgG reactive
LFI1+/LFI2+ N=4 (0.02%)
LFI1+/LFI2- N=5 (0.03%)
LFI1-/LFI2+ N=17 (0.11%)

Total N=50 (0.31%) Total N=26 (0.16%)

Results: - no sample RNA reactive
- 15,970 (99.54%) samples IgM + IgG sero-negative
- 73 samples at least IgM and/or IgG positive
- 3 IgM+/IgG+, 23 IgM-/IgG+ and 47 IgM+/IgG-

B Confirmatory antibody testing of 63 IgM and/or IgG LFI-reactive samples with 3 CLIA assays
1gG LFI reactive

N

IgM LFI reactive
N=45

IgM confirmatory testing
CLIA1/CLIA2/CLIA3

Y

IgM confirmatory testing
CLIA1/CLIA2/CLIA3

Y

CLIA1-/CLIA2-/CLIA3-  N=30 (66.67%) CLIA1-/CLIA2-/CLIA3-  N=13 (61.91%)
CLIA1+/CLIA2-/CLIA3-  N=13 (28.89%) CLIA1+/CLIA2-/CLIA3-  N=6 (28.57%)
CLIA1-/CLIA2+/CLIA3- N=0 (0.00%) CLIA1-/CLIA2+/CLIA3-  N=0 (0.00%)
CLIA1-/CLIA2-/CLIA3+ N=1 (2.22%) CLIA1-/CLIA2-/CLIA3+ N=0 (0.00%)
Total IgM non-reactive =~ N=44 (97.78%) Total IgG non-reactive ~ N=19 (90.48%)
CLIA1+/CLIA2+/CLIA3+ N=1 (2.22%) CLIA1+/CLIA2+/CLIA3+ N=2 (9.52%)
CLIA1+/CLIA2-/CLIA3+ N=0 (0.00%) CLIA1+/CLIA2-/CLIA3+ N=0 (0.00%)
CLIA1-/CLIA2+/CLIA3+ N=0 (0.00%) CLIA1-/CLIA2+/CLIA3+ N=0 (0.00%)
CLIA1+/CLIA2+/CLIA3- N=0 (0.00%) CLIA1+/CLIA2+/CLIA3- N=0 (0.00%)
Total IgM reactive N=1 (2.22%) Total IgG reactive N=2 (9.52%)

Final serology results

IgM-/IgG- N=61 (96.82%)
IgM+/1gG+ N=1 (1.59%)
IgM-/IgG+ N=1(1.59%)
IgM+/IgG- N=0 (0.00%)
Total sero+ N=2 (3.16%)

Figure 1 Summary of the (A) mass screening and (B) confirmation results.
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Table 3 Concordance between LFI and CLIA testing results
LFI-1+/ LFI-1+/ LFI-1-/

CLIA results Total LFl-2+  LFl-2—  LFl-2+
Total IgM non-confirmed 44 22 20 2
reactive
CLIA-1-/CLIA-2-/CLIA-3- 30 11 17 2
CLIA-1+/CLIA-2-/CLIA-3- 13 10° 3° 0
CLIA-1-/CLIA-2+/CLIA-3- 0 0 0 0
CLIA-1-/CLIA-2-/CLIA-3+ 1 1° 0 0
Total IgM confirmed reactive 1 1 0 0
CLIA-1+/CLIA-2+/CLIA-3+ 1 1¢ 0 0
CLIA-1+/CLIA-2-/CLIA-3+ 0 0 0 0
CLIA-1-/CLIA-2+/CLIA-3+ 0 0 0 0
CLIA-1+/CLIA-2+/CLIA-3- 0 0 0 0
Total IgG non-confirmed 19 2 3 14
reactive
CLIA-1-/CLIA-2-/CLIA-3- 13 1 3 9
CLIA-1+/CLIA-2-/CLIA-3- 6 1° 0 5
CLIA-1-/CLIA-2+/CLIA-3- 0 0 0 0
CLIA-1-/CLIA-2-/CLIA-3+ 0 0 0 0
Total IgG confirmed reactive 2 1 0 1
CLIA-1+/CLIA-2+/CLIA-3+ 2 19 0 1"
CLIA-1+/CLIA-2-/CLIA-3+ 0 0 0 0
CLIA-1-/CLIA-2+/CLIA-3+ 0 0 0 0
CLIA-1+/CLIA-2+/CLIA-3- 0 0 0 0

?, S/CO values of the ten samples were 2.31, 6.32, 1.97, 1.13,
3.79, 3.61, 1.06, 2.26, 1.96, and 2.43; °, S/CO values of the three
samples were 7.52, 1.06, and 6.07; °, S/CO value was 6.22; ¢, S/
CO values were 1.37, 17.97, and 88.14 with the three assays,
respectively; °, S/CO value was 1.09; ‘, S/CO values of the five
samples were 1.98, 1.74, 1.74, 1.23, and 1.03; ¢, S/CO values
were 7.87, 8.7, and 23.17 with the three assays, respectively;
" S/CO values were 10.04, 16.73, and 36.65 with the three
assays, respectively. LFI, rapid lateral flow immunoassay; CLIA,
chemiluminescence immunoassay.

serological assays seemed to have no significant impact on

antibody detection efficiency.

Characterization of SARS-CoV-2 infected patients

Patient 1 was a 54-year female who visited the hospital
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because of gallbladder discomfort on May 6, 2020.
Routine laboratory tests including lymphocyte counts
and high-sensitivity C-reactive protein (hs-CRP) were
normal. The CT image showed ground-glass opacities
on the middle lobe of right lung, as previously reported
on August 7, 2019. She had no typical lower respiratory
symptoms, such as fever, cough, and shortness of breath,
but transient diarrhea in March, 2020. She was followed-
up one month later (June 10, 2020). CBC, hs-CRP, and
routine chemical and coagulation markers were within
the normal reference range (data not shown). She tested
negative for SARS-CoV-2 RNA and was confirmed IgM
and IgG reactive with the three CLIA assays in May
and June. According to direct S/CO values and plasma
limiting dilution testing results with the three CLIA
assays, anti-SARS-CoV-2 IgM remained detectable at
slightly decreasing levels between May and June (Figure 2).
The antibody titers measured with CLIA-2 and CLIA-3
using RBD as the target antigen were higher than the titer
measured with CLIA-1 that used an NP-S1 recombinant
antigen. In contrast, anti-SARS-CoV-2 IgG levels seemed
to slightly increase over time as suggested in Figure 2. A
consistent 1:160 titer of anti-RBD total antibodies was
measured with the CLIA-2 assay over the follow-up period
(data not shown). Patient 1 reported no contact with
confirmed or suspected COVID-19 patients, and she had
not travelled outside Hangzhou since December 2019. In
addition, close relatives including her husband, daughter
and son, who had lived with her since December 2019 were
tested and followed-up. Both NAT and antibody testing
remained negative for the three family members over time
suggesting an absence of SARS-CoV-2 transmission within
this family cluster.

Patient 2 was a previously discharged COVID-19 patient
who visited the hospital for follow-up testing. She was a
38-year female and first visited the hospital because of
chest distress on January 31, 2020. She reported a history
of contact with relatives from Wuhan, China on January 25
and January 28, 2020. She had a little cough and sputum
with CT images showing pulmonary inflammation. She
was identified as confirmed case on February 7, 2020 based
on the positive NAT result from the Hangzhou Center for
Disease Control and Prevention. On April 30, Patient 2
tested SARS-CoV-2 RNA negative, IgM-/IgG+. IgG S/
CO ratios of 10.78, 14.62 and 13.15 and dilution titers of
1:20, 1:40 and 1:2 were obtained with CLIA-1, CLIA-2,
and CLIA-3, respectively. S/CO ratio of 410.09 and 1:160
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Table 4 Distribution of 61 unconfirmed LFI initially reactive samples in different populations
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Population N subjects LFI1+/CLIA- (%) IgM+/1gG— (%) IgM—/1gG+ (%) IgM+/1gG+ (%)
Medical staff 7,392 13(0.18) 9(0.12) 4 (0.05) 0
Inpatients 4,714 26 (0.55) 14 (0.29) 11 (0.23) 1(0.02)
Patient chaperones 1,209 5(0.41) 5(0.41) 0 0
Outpatients 1,705 5(0.29) 4(0.23) 1(0.06) 0

Fever clinic patients 1,023 12 (1.17)*Ped 8(0.78) 4(0.39) 0

Total 16,043 61 (0.38) 40 (0.25) 20 (0.12) 1(0.01)

2 P<0.001 compared with medical staff group; °, P=0.02 compared with inpatients group; °, P=0.04 compared with patient chaperones
group; ¢, P=0.02 compared with outpatients group. LFI, lateral flow immunoassay.

Table 5 Analytical performance of different SARS-CoV-2 antibody detection assays

RNA+ samples (N=32)

RNA- samples (N=80)

Aoseys AMTBOMNRE Nreactvel iy 96 95% ) edian S/ N o2t ooty % 5% ) e S
LFI-1 IgM 6/32 18.75 (7.86-37.04) NA 0/80 100 (94.29-100) NA
19G 26/32 81.25 (62.96-92.14) NA 0/80 100 (94.29-100) NA
lgM/IgG 26/32 81.25 (62.96-92.14) NA 0/80 100 (94.29-100) NA
LFI-2 IgM 2/32 6.25 (1.09-22.21) NA 0/80 100 (94.29-100) NA
1gG 10/32 31.25 (16.75-50.14) NA 0/80 100 (94.29-100) NA
lgM/IgG 10/32 31.25 (16.75-50.14) NA 0/80 100 (94.29-100) NA
CLIA-1 IgM 6/32 18.75 (7.86-37.04) 2.35(1.03-12.42)  0/80 100 (94.29-100) NA
[e]€; 30/32 93.75 (77.78-98.91) 4.60 (1.01-10.55) 1/80 98.75 (92.27-99.93) 1.1
IgM/IgG 30/32 93.75 (77.78-98.91) NA 1/80 98.75 (92.27-99.93) NA
CLIA-2 IgM 6/32 18.75 (7.86-37.04) 1.86 (1.03-6.24) 1/80 98.75 (92.27-99.93) 1.17
1gG 31/32 96.88 (82.00-99.84) 9.9 (1.21-17.34) 4/80 95.00 (87.01-98.39) 1.16 (1.05-1.24)
IgM/IgG 31/32 96.88 (82.00-99.84) NA 5/80 93.75 (85.38-97.68) NA
Total Ab 30/32 93.75 66.51 (6.3-393.3) 0/80
CLIA-3 IgM 21/32 65.63 (46.77-80.83)  1.73 (1.0-136.9) 2/80 97.50 (90.43-99.57) 2.69 (2.08-3.29)
19G 30/32 93.75 (77.78-98.91) 13.35 (1.66-88.1) 0/80 100 (94.29-100) NA
IgM/IgG 32/32 100 (86.66-100) NA 2/80 97.50 (90.43-99.57) NA

titer of anti-RBD total antibodies were measured with the
CLIA-2 assay (data not shown).

Discussion

In the present study, mass testing of SARS-CoV-2 nucleic
acid and specific antibodies in 16,043 subjects attending Sir

© Annals of Translational Medicine. All rights reserved.

Run Run Shaw Hospital, Zhejiang University, Hangzhou,
China, resulted in no subject testing positive for SARS-
CoV-2 RNA, and 73 subjects initially IgM or IgG reactive
with LFI of which only 2 (0.01%) were confirmed with
CLIA.

Similar results have been reported from other cities
in China. For example, in Wuhan, the epicenter of the
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Figure 2 Antibody titers of Patient 1 using three CLIAs during follow up. CLIAs, chemiluminescence immunoassays.

epidemic, 189 (0.03%o) asymptomatic viral RNA carriers
were identified out of 6.574 million people tested between
May 14 and 23, 2020 (15). However, studies from other
countries reported much higher RNA positive rates ranging
from 3% to 19% in asymptomatic healthcare workers,
residents and staff members in long-term care skilled
nursing facilities, and women admitted for delivery (4,16,17).
The molecular testing of upper or lower respiratory tract
samples by RT-PCR remains the gold standard despite
several limitations that include long turnaround times
and up to 30% false negatives due to technical errors and
sampling time (18).

Antibody tests are likely to have a complementary role
in detecting ongoing and previous SARS-CoV-2 infections
(19,20). However, the duration and level of antibody
production are still uncertain, and seroprevalence surveys
of large populations have been somewhat limited to date.
A study reported a seroprevalence of 10.8% in Geneva,
Switzerland, which was significantly higher than that in
the present study (16). In contrast, a recent study from
Guangzhou, China, reported a 0.09% seroprevalence
of SARS-CoV-2 IgG and IgA in asymptomatic blood
donors with no viral RNA reactivity (21). Establishing
the accurate seroprevalence of SARS-CoV-2 may prove
particularly challenging. Although a wide range of tests are
now available, their analytical performance is often poorly
documented. In the present study, the performance of the

© Annals of Translational Medicine. All rights reserved.

serological assays used was evaluated by using confirmed
RT-PCR-positive and RT-PCR-negative samples as controls
according to the World Health Organization (WHO)
and China National Health Commission of the People’s
Republic of China (CDC) case definitions. However, there
were several limitations that included the relatively limited
numbers of available samples in both control groups, and,
more importantly, uncertainties about the SARS-CoV-2
serological status of infected and non-infected controls.
Indeed, potential recovery from past infection with
persistently detectable antibodies could not be completely
ruled out in RNA negative controls. Nevertheless, based
on the results obtained in the RNA negative control group,
the specificity of both the LFI and CLIA assays appeared
to be satisfactory (95.0-100%). The weak and occasional
IgM or IgG reactivity (S/CO <1.5 with CLIA-1 and CLIA-
2 assays, and <3.5 with CLIA-3) observed in few samples
suggested that the likelihood of false positivity was higher
than past exposure to the virus. Sensitivity was evaluated
in RNA positive patients more than two months after the
onset of symptoms and molecular diagnosis. A previous
study showed that SARS-CoV-2 specific IgG was detectable
at day 12 after the onset of symptoms in patients with
severe and mild COVID-19 disease, and then rapidly and
continuously increased within the next 6 weeks. In contrast,
SARS-CoV-2 specific IgM was detected on day 9, persisted
at a high level for approximately two weeks, and then
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decreased to the threshold detection limit within the next
6 weeks, which suggested that SARS-CoV-2 specific IgM
remained measurable for a shorter period than IgG (20).
This might explain the difference between IgM and IgG
sensitivity observed when testing control samples irrespective
of the serological assay used (1zble 5). In addition, Zeng
et al. suggested that severe COVID-19 cases generally
had earlier IgM responses and higher IgM and IgG levels
against SARS-CoV-2 than mild cases. Hence, it remains
unclear whether the assays used in the present study could
be sensitive enough to detect low antibody levels, which
were likely to be associated with asymptomatic SARS-
CoV-2 infection. SARS-CoV-2 seroprevalence may be
underestimated in the population studied, as the initial
screening was performed using LFI assays that showed
limited sensitivity compared to CLIA assays. Furthermore,
only samples reactive with at least one LFI assay and
confirmed with two CLIA assays were classified as true
positives for anti- SARS-CoV-2, while additional 18 samples
were considered serologically indeterminate despite being
IgM or IgG reactive with at least one LFI assay and one
CLIA assay. CLIA S/CO ratios were on the low side but with
no significant difference as compared to IgM or IgG S/CO
values measured in RNA positive controls [IgM median S/
CO: 2.31 (1.06-7.52) vs. 2.35 (1.03-12.42), P=0.58; IgG:
1.49 (1.03-1.98) vs. 4.42 (1.01-10.55), P=0.23]. In addition,
with LFI-1, LFI-2, and CLIA-1 showing IgM or IgG
specificity of 98.75-100% (7able 5), the likelihood of false
positivity was low. Therefore, if true seropositivity cannot
be totally excluded in these indeterminate samples, the
estimated SARS-CoV-2 seroprevalence might be 0.12%
(20/16,033). On the other hand, 43 additional samples were
found to be IgM (n=30) or IgG (n=13) reactive with LFI
assays but not with CLIAs, which suggested initial false
positivity. However, these discordant results contradicted
the sensitivity and specificity observed in the different assays
(Table 5). In addition, unconfirmed IR samples were more
often found in patients attending the fever clinic (1.17%
vs. 0.18-0.55%; P<0.04; Table 4), suggesting potential
unspecific cross-reactivity, unrelated to SARS-CoV-2
infection, associated with the immunological and infection
status of these particular patients. These discrepancies need
to be investigated further. Meanwhile, these differences
between subjects and controls testing highlighted the need
for the determination of appropriate cutoffs per assay type.
The low prevalence of SARS-CoV-2 infections observed
in our study is consistent with the prevalence situation in
Hangzhou during which there was no new case reported (22).
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However, there was few data available about mass screening
in the community and the comparison can’t be performed,
which was a limitation in this study. Overall, the low
prevalence of SARS-CoV-2 infection observed in our study
may reflect the epidemic situation in Hangzhou, which may
be attributed to the effective application of control measures
and the well-controlled epidemic situation in Hangzhou,
Zhejiang Province, China. Zhejiang Province initiated the
most restrictive social distancing and quarantining measures
at a very early stage, and it was the first city in China to
apply digital mobile tracking, which contributed to rapidly
decreasing the net reproduction number (Rt). In addition,
individuals suspected of having COVID-19 symptoms were
systematically referred to specifically dedicated hospitals,
which likely contributed to the low prevalence observed
in Sir Run Run Shaw Hospital. However, the similarity
of data obtained in the population of a general hospital in
Hangzhou to that in blood donors in Guangzhou suggested
a relatively limited exposure of the general population to
the virus. It has been estimated that the herd immunity
threshold for SARS-CoV-2 is approximately 67% when
the net Rt is approximately 3 (23). Hence, the sometimes
proposed strategy to establish herd immunity through
natural exposure seems limited, and a mass vaccination
program may be considered a more valuable option to
develop immunity against this virus.

Patient 2 was a discharged COVID-19 patient who
visited the hospital for follow-up 88 days after symptom
onset and presented an IgM negative/IgG positive
serological profile characteristic of a recovered viral
infection. Patient 1 reported no typical COVID-19
symptoms since December 2019, and SARS-CoV-2
infection was unsuspected before entering this mass
screening study. Overall molecular and serological data
suggested that Patient 1 had been infected with SARS-
CoV-2 shortly before May 6, 2020, and recovered from
the infection. No specific route of infection could be
definitively documented. However, she had worked in her
own store since March 2020, which may have constituted
a risk of exposure to the virus. Interestingly, she did not
transmit the virus to any of the family members living
with her during this period, in contrast to several previous
reports about cluster transmission induced by asymptomatic
cases (6,7), or by COVID-19 outbreaks in congregate living
situations (1). The absence of transmission may be related
to the undetectable RNA documented in this patient, or to
the presence of potential neutralizing antibodies. Patient 1
had relatively high and stable titers of anti-NP IgG (1:80),
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over time but lower titers of anti-RBD IgG (1:10 in May
and 1:20 in June). This was in agreement with other studies
reporting a high level of anti-NP IgG among recovered
COVID-19 patients (>1:320) (24). However, increasing
evidence has shown that antibodies targeting RBD have
potent neutralizing activity against SARS-CoV-2 (25-29),
while protective immunity associated with anti-NP IgG
remains poorly documented. Further studies are still needed
to establish whether apparently recovered patients, such as
patient 1, benefit from long-term protective immunity, and
what level of protection is conferred by the different types
of antibodies naturally produced.

In conclusion, molecular and serological mass screening
for SARS-CoV-2 revealed an extremely low prevalence of
exposure to the virus in individuals attending Sir Run Run
Shaw Hospital in Hangzhou. SARS-CoV-2 seroprevalence
varied from 0.012% to 0.12% according to the testing
algorithm and confirmation criteria used. The establishment
of quality standards for SARS-CoV-2 serological tests is
critical. The level of protective immunity in asymptomatic
COVID-19 patients who recovered remained uncertain, but
the associated risk of transmission appeared limited.
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