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Objectives: The aim was to understand persistence of the virus in body fluids the and immune response
of an infected host to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), an agent of
coronavirus disease 2019 (COVID-19).
Methods: We determined the kinetics of viral load in several body fluids through real time reverse
transcription polymerase chain reaction, serum antibodies of IgA, IgG and IgM by enzyme-linked
immunosorbent assay and neutralizing antibodies by microneutralization assay in 35 COVID-19 cases
from two hospitals in Guangdong, China.
Results: We found higher viral loads and prolonged shedding of virus RNA in severe cases of COVID-19 in
nasopharyngeal (1.3 � 106 vs 6.4 � 104, p < 0.05; 7~8 weeks) and throat (6.9 � 106 vs 2.9 � 105, p < 0.05;
4~5 weeks), but similar in sputum samples (5.5 � 106 vs 0.9 � 106, p < 0.05; 4~5 weeks). Viraemia was
rarely detected (2.8%, n ¼ 1/35). We detected early seroconversion of IgA and IgG at the first week after
illness onset (day 5, 5.7%, n ¼ 2/35). Neutralizing antibodies were produced in the second week, and
observed in all 35 included cases after the third week illness onset. The levels of neutralizing antibodies
correlated with IgG (rs ¼ 0.85, p < 0.05; kappa ¼ 0.85) and IgA (rs ¼ 0.64, p < 0.05; kappa ¼ 0.61) in
severe, but not mild cases (IgG, rs ¼ 0.42, kappa ¼ 0.33; IgA, rs ¼ 0.32, kappa ¼ 0.22). No correlation with
IgM in either severe (rs ¼ 0.17, kappa ¼ 0.06) or mild cases (rs ¼ 0.27, kappa ¼ 0.15) was found.
Discussion: We revealed a prolonged shedding of virus RNA in the upper respiratory tract, and evaluated
the consistency of production of IgG, IgA, IgM and neutralizing antibodies in COVID-19 cases.
Jiufeng Sun, Clin Microbiol Infect 2020;26:1690.e1e1690.e4
© 2020 Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and Infectious

Diseases.
Introduction

Data on the persistence of the SARS-CoV-2 virus and immune
response of the infected host might guide efforts for the prevention
and control of its expansion, as well as treatment of COVID-19 cases.
Therefore, we studied the kinetics of viral load in a variety body
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fluids, IgA, IgG, IgM and neutralizing antibodies against SARS-CoV-
2 by monitoring mild and severe COVID-19 patients from desig-
nated hospitals in Guangdong, China. Healthy close contacts were
used as the control group.
Material and methods

Case information

From 23 January to 27 February 2020, 38 hospitalized COVID-19
cases were consecutively recruited (29 mild and 9 severe cases)
with advanced planning to collect clinical samples in two desig-
nated hospitals for COVID-19, the Guangdong Seconded Provincial
icrobiology and Infectious Diseases.
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General Hospital and the First Hospital of Foshan in Guangdong,
China. These were all the patients hospitalized in the two hospitals
during that time. All the cases were laboratory-confirmed COVID-
19 cases. One mild and two severe cases were transferred to other
hospitals after hospitalization in these two hospitals and were
excluded from this study. Finally, 35 COVID-19 cases (28 mild and
seven severe cases) were included in this study. Twenty-one
healthy individuals who were close contacts of these COVID-19
cases were selected as controls. The demographic and the dates
of illness onset were collected accordingly. This study was
approved by institutional review board in Guangdong Provincial
Centre for Disease Control and prevention. All the COVID-19 cases
included in this study were asked for their consent.

Case definitions

The case definition was defined as a patient who had a travel
history to endemic areas or direct contact with patients from those
areas who had fever or respiratory symptomswithin 14 days before
illness onset, and laboratory-confirmed respiratory specimens that
tested positive for the SARS-CoV-2 (please see supplementary
material).

Specimen collection and storage

Specimen collection from COVID-19 cases was conducted in
consultationwith a healthcare provider, and followed the guideline
for clinical diagnosis and treatment (please see supplementary
material). Throat swabs, nasopharyngeal swabs, sputum samples,
faeces specimens and serum samples were collected prospectively
from cases every 3 days from hospitalization until the date of
discharge from hospital (Table S1).

Nucleic acid extraction and rRT-PCR

The clinical specimens were treated as previously reported [1].
Total RNA was extracted using a prefilled viral total NA kit-Flex
Fig. 1. Kinetics of viral load in 35 COVID-19 cases. The copies of SARS like coronavirus 2 (SAR
serum specimens (E) were estimated by means of real-time reverse-transcriptase polymeras
the dynamic tendency of viral load in variety body fluids. Each dot of viral load present as
denote mild cases.
(Fisher Scientific, Labserv, Cat. no. KFRPF-805296) following the
manufacturer's instructions. A commercial rRT-PCR kit targeting
the ORF1ab and N genes was used to detect SARS-CoV-2 RNA (DaAn
Gene, Guangzhou, China. Cat.No.DA0931) (http://en.daangene.
com) (supplementary material).

Detection of IgA, IgG and IgM against SARS-CoV-2

IgA, IgG and IgM against SARS-CoV-2 were detected in plasma
samples using enzyme-linked immunosorbent assay (ELISA) kits
(RayBiotech, GA, USA) (Cat. no., IEQ-CoVS1RBD-IgG, IE-CoVS1RBD-
IgA and IE-CoVS1RBD-IgM), according to the manufacturer's
instructions.

Microneutralization assay

The microneutralization assay and virus culture are detailed in
the supplementary material [2,3].

Statistical analysis

Differences of virus load were determined by Student's t test.
Consistency among antibodies was evaluated using the Spearman
association test and kappa test. Statistical analyses and graphical
presentations were conducted with GraphPad Prism version 8.3
(GraphPad Software, Inc., CA, USA). p < 0.05 was considered sta-
tistically significant (please see supplementary material).

Results

We recruited 35 COVID-19 cases in this study, including 28 mild
and seven severe cases. In total, 618 clinical specimens were
collected, including 105 nasopharyngeal swabs and 84 throats
swabs, and 160 faeces, 60 sputum and 209 serum samples. We
found that the viral loads in severe cases was higher than those in
mild cases in nasopharyngeal (1.3 � 106 vs 6.4 � 104, p < 0.05;
7~8 weeks) and throat samples (6.9 � 106 vs 2.9 � 105, p < 0.05),
S-CoV-2) RNA in nasopharyngeal swab (A), throat swab (B), sputum (C), faeces (D) and
e chain reaction. The dashed curve draws with exponential growth model and indicates
mean and standard deviation. Purple symbols denote severe cases, and cyan symbols
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but similar in sputum samples (5.5 � 106 vs 0.9 � 106, p < 0.05)
(Fig. S1). In both groups, the viral load in upper respiratory tract
samples (nasopharyngeal, throat swabs) reached the peak level at
the first week after illness onset and declined quickly within the
following 2~4 weeks (Figs. 1A,B). Prolonged shedding of virus RNA
could be detected in nasopharyngeal swabs of eachmild and severe
case at 6~8 weeks after illness onset, while the viral load was
extremely low and close to the detection limit of real time RT-PCR
(1.7~6.0 � 103 copies/mL). In sputum (Fig. 1C) and faeces samples
(only measured in mild cases, Fig. 1D), the viral load was somehow
higher than that in upper respiratory tract samples, and reached to
5.6 � 107 copies/mL in peak level at the first week after illness
onset, but declined to 1.6 � 103 copies/mL within 2~3 weeks. Vir-
aemiawas only detected in one of seven severe cases, and sustained
for 5~6 days (Fig. 1E).

IgA in serum samples was detected in 1 of 35 cases at the first
week after the date of illness onset (Fig. 2A). IgA levels were already
high at day 11 in severe cases, but still low in mild cases. The ki-
netics of IgA showed an increasing trend in mild cases, but
declining in severe cases (Fig. 2A). The production of IgM remained
at a low level in both the severe and the mild group (Fig. 2B).
Surprisingly, IgG was detected in one mild case at the first week
after illness onset. At the third week, 68.9% (n ¼ 20/29) patients
seroconverted in mild cases, while it was 100% (n ¼ 7/7) in severe
cases (Fig. 2C). A similar increasing trend of IgG was observed both
in severe and in mild cases (Fig. 2C).

None of the 35 cases produced neutralizing antibodies at the
first week after the date of illness onset (Fig. 1E). At the second
week, seven of 28mild cases produced neutralizing antibodies with
titres of 1:32 to 1:128, and the remaining cases showed no
neutralizing antibodies. At the third week, all 35 cases produced
neutralizing antibodies, reaching titres of 1:512 in two of 29 mild
cases and one of seven severe cases. Importantly, we found no
Fig. 2. Kinetics of IgA (A), Ig M (B), Ig G (C) and neutralizing antibodies (D) to SARS-CoV-2 ov
and indicates the dynamic tendency of antibodies. Each dot of ELISA presents as mean and
standard deviation. Purple symbols denote severe cases, and cyan symbols denote mild cas
differences in the increasing trends of neutralizing antibodies be-
tween mild and severe cases. All 21 healthy close contacts tested
negative for both virus RNA and neutralizing antibodies against
SARS-CoV-2.

Additionally, we determined the consistency among neutral-
izing antibodies and IgA, IgM and IgG by calculating the Spearman
correlation coefficient and kappa value between mild and severe
case groups. Neutralizing antibodies correlated with IgG (rs ¼ 0.85,
p < 0.05; kappa ¼ 0.85) and IgA (rs ¼ 0.64, p < 0.05; kappa ¼ 0.61)
in severe but not in mild cases (IgG, rs ¼ 0.42, kappa ¼ 0.33; IgA,
rs ¼ 0.32, kappa ¼ 0.22). No correlation with IgM antibodies in
either severe (rs ¼ 0.17, kappa ¼ 0.06) or mild cases (rs ¼ 0.27,
kappa ¼ 0.15) was seen (Table S2).
Discussion

Our data showed that the course of virus shedding and antibody
development triggered by SARS-CoV-2 resembles that of SARS-CoV
and MERS-CoV [4,5]. The major difference was prolonged virus
shedding in upper respiratory tract samples, e.g. nasopharyngeal
swab samples, which seems to mimic the manifestation of seasonal
influenza [6]. Although we found higher viral load in sputum and
faeces than in upper respiratory tract samples, the heterogeneity of
the specimens limits its significance in explaining the differences of
the ability for onward transmission by either sample type. The early
production of IgG antibodies showed a similar increasing trend
with neutralizing antibodies in both mild and severe cases. How-
ever, the seroconversion rate of IgM was low in the acute stage of
infection in both severe and mild cases. This phenomenonwas also
encountered by other groups [7e9]. Thus, the early detection of
COVID-19 through determination of IgM may not be an ideal
strategy. Surprisingly, we found two cases of early secretion of IgA
in serum at the first week after illness onset in the mild group,
er time in 35 COVID-19 cases. The dashed curve draws with experiential growth model
standard deviation, and titres of neutralizing antibodies present geometric mean and
es.
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which highlights an alternative choice of target antibody for early
detection of COVID-19 in clinic [10]. Moreover, we found a higher
proportion of seroconversion for IgA in severe cases, which may
serve as a candidate indicator of prognosis of COVID-19 in future
[10]. The correlation between neutralizing antibodies and IgG
suggests that IgG could be used as a marker for the production of
neutralizing antibodies [11]. However, we found the titres of
neutralizing antibodies in most cases remained at a low level,
which may indicate an inability to clear the infection. Indeed, we
found neutralizing antibodies in all severe cases. The potential
mechanisms, because of either low titres or lower host immune
cell-mediated response, need further investigation [12]. In
conclusion, our findings may be of significance in interpreting the
kinetics of viral load and antibodies to SARS-CoV-2 in both severe
and mild cases, which may aid the current and future prevention
and control of the global pandemic of COVID-19.
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