Archives of Virology (2021) 166:2299-2303
https://doi.org/10.1007/500705-021-05132-9

BRIEF REPORT

=

Check for
updates

Antibody response in COVID-19 patients with and without re-positive
RT-PCR results during the convalescent phase

Jing Peng’ - Zhi-Yong Liu’ - Xiao-Juan Yu? - Xiao-Yan Chen' - Kai Zhang' - Yi Liu" - Ying-Ying Su?

- Chang-Qing Sun’

Received: 23 December 2020 / Accepted: 21 April 2021 / Published online: 8 June 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Austria, part of Springer Nature 2021

Abstract

Nucleic acid testing and antibody testing data from 143 recovered COVID-19 patients during the convalescent phase were
retrospectively analyzed. A total of 23 (16.1%) recovered patients re-tested positive for SARS-CoV-2 RNA by RT-PCR.
Three months after symptom onset, 100% and 99.3% of the patients remained positive for total and IgG antibodies, and the
antibody levels remained high. IgM antibodies declined rapidly, with a median time to seroconversion of 67 (95% CI: 59,
75) days after onset. Approximately 25% of patients were seronegative for IgA antibodies at three months after onset. There
was no statistically significant difference in antibody kinetics between patients with and without re-positive RT-PCR results

during the convalescent phase.

Coronavirus disease 2019 (COVID-19) is now pandemic
globally, spreading rapidly to over 200 countries, with over
117 million confirmed cases and 2.6 million deaths up to
March 8, 2021 [1, 2]. After discharge from the hospital, most
recovered COVID-19 patients remain negative (non-re-pos-
itive) for novel severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) RNA by RT-PCR, while a proportion
of recovered COVID-19 patients test positive again (re-pos-
itive) [3-5]. Young and mild-COVID-19 patients seemed to
have a higher risk of having re-positive RT-PCR results dur-
ing the convalescent phase [3, 6]. The antibody level tends to
be similar in the re-positive and non-re-positive groups [3,
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6]. However, these studies included only one antibody test
per patient and did not adjust for the time of onset, which
was significantly correlated with antibody level. It remains
unclear whether the dynamics of the antibody response are
different in re-positive and non-re-positive patients. This
study analyzed the dynamics of total, IgA, IgM, and IgG
antibodies in COVID-19 patients during the convalescent
phase to understand the kinetics of antibody response in
recovered patients.

In Shenzhen, all COVID-19 patients were treated in a
designated hospital (the Shenzhen Third People’s Hospi-
tal). Patients were discharged if they met the following
criteria: a) normal body temperature for more than three
days, b) significant improvement in respiratory symp-
toms, c) significant improvement in absorption of acute
exudative lesions on lung imaging, and d) negative nucleic
acid testing of two consecutive respiratory specimens (at
least one day between samplings). After discharge from
the designated hospital, the recovered patients were also
required to be quarantined in the Shenzhen Sami Medical
Center for 14 days of medical observation. Considering
the possibility of extended duration of viral shedding in
feces [7], nasopharyngeal and anal swabs were collected
for SARS-CoV-2 RT-PCR on days 7 and 14 during the
14-day quarantine period. Serum was collected at least
one time for antibody testing. If patients remained nega-
tive (non-re-positive) by RT-PCR during the 14-quarantine
period, they were discharged. If the patient tested positive
again by RT-PCR (re-positive), they were re-admitted to
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the designated hospital. After discharge, all patients were
also invited to make semi-monthly or monthly follow-up
visits for collection of blood samples for antibody testing.
All participants provided written informed consent. This
study retrospectively reviewed and analyzed the medical
records of recovered COVID-19 patients in the Shenzhen
Sami Medical Center. A total of 143 recovered COVID-
19 patients with an exact date of symptom onset available
were included in this study. This study was approved by
Medical Ethical Committee of Shenzhen Sami Medical
Center.

Nasopharyngeal and anal swabs were sent to the Shen-
zhen Center for Disease Control and Prevention (CDC)
for RT-PCR testing as described previously [6]. Briefly,
nucleic acids were extracted using a High Pure Viral
RNA Kit (Roche, Mannheim, Germany). Nucleic acid
amplification and identification were performed using a
commercial RT-PCR assay targeting the ORFlab and N
genes of SARS-CoV-2 (Bio-Germ, Shanghai, China). The
assay was approved by China’s National Medical Products
Administration. Total, IgA, IgM, and IgG (all IgG sub-
classes) antibodies against the receptor-binding domain
(RBD) of the SARS-CoV-2 spike protein in the sera of
COVID-19 patients were detected using a commercial
chemiluminescence microparticle immunoassay (CMIA,
Xiamen InnoDx Biotech Co., Ltd., China) as described
previously [8]. Briefly, total antibody detection was based
on a double-antigen sandwich method. A capture method
was applied to detect the IgM antibodies. For the detection
of IgG and IgA, an indirect method was used. The test pro-
cedure for all assays was performed following the manu-
facturer’s instructions. Antibody levels were expressed as
relative binding signals compared to the cutoff value of
each assay (S/CO). The sensitivity of detection of total,
IgM, IgG, and IgA antibodies was 96.3%, 86.3%, 99.6%
and 91.9%, respectively. The specificity of detection of
total, IgM, IgG, and IgA antibodies was 99.3%, 99.3%,
99.0%, and 98.6%, respectively (unpublished data for IgG
and IgA) [8].

Geometric mean titers (GMTs) with 95% confidence
interval were calculated for total, IgA, IgM, and IgG anti-
bodies by days post-symptom-onset. Multivariable log-
binomial regression models with generalized estimating
equations were used to compare the antibody level between
the re-positive and non-re-positive groups, adjusted for age
and days post-onset. The probability of seropositivity and
median time to seronegativity were calculated using the
Kaplan-Meier method and compared using the log-rank test.
All analyses were performed using SAS software (version
9.4), and a p-value less than 0.05 was considered statistically
significant.

From March 4 to April 29, 2020, 306 recovered COVID-
19 patients were under medical observation at the Shenzhen
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Sami Medical Center. From among these patients, 143
(46.7%) with an exact symptom onset date available were
included in this study. During the 14-day medical observa-
tion period, a total of 23 (16.1%) recovered patients tested
positive again by RT-PCR: 14 (60.9%, 14/23) on day 7 and
9 (39.1%) on day 14. As shown in Table 1, the median dura-
tion of treatment at the designated hospital was 31 days
(IQR: 23-39). The median age (IQR) of the re-positive and
non-re-positive patients was 50 (34, 58) and 50 (37, 61),
respectively. Sixty-seven patients (46.9%) were male. The
median follow-up was 45 days (IQR: 40-70, range: 26-96)
post-onset for all patients. Patients with re-positive RT-PCR
results were followed up longer than those without (72 days
vs. 44 days post-onset).

A total of 275 blood samples were collected from 143
patients, with a median of 4 and 1 samples from the re-pos-
itive and non-re-positive group, respectively. All recovered
patients were seropositive for total antibodies in their first
sample taken at the medical center. As shown in Fig. 1, total
antibody levels slowly decreased and remained at high S/
CO values around three months after onset (GMT = 162.5,
95%CI: 64.7-408.0). No patient was seronegative at the last
sampling time. For IgG antibodies, the levels remained at
a plateau from 1 month to 3 months after onset. Only one
patient was negative for IgG antibody at 53 days after onset.
IgM antibody levels declined faster than those of other anti-
bodies, with a median time to seroconversion of 67 (95%
CI: 59, 75) days after onset. The rate of decline of IgA anti-
bodies was intermediate between those of IgM and IgG.
Approximately 25% of patients were seronegative for IgA

Table 1 Baseline characteristics of patients

Variable Re-positive Non-re-positive Total
Number 23% 120 143
Age (median, IQR) 50 (34,58) 50(37,61) 50 (37, 61)
Gender (%)

Male 7 (30.4) 60 (50.0) 67 (46.9)

Female 16 (69.6) 60 (50.0) 76 (53.1)
Duration of treatment in the designated hospital

Median (IQR) 35(27,49) 30(22,39) 31(23,39)
No. of sera samples collected

Of each case, median 4(2,5) 1(L, D 1(1,3)

(IQR)
Total 85 190 275

Duration of serological follow-up (days after discharge from the
designated hospital)

Median (IQR) 27 (21,36) 10(5, 14) 13 (5, 15)
Duration of clinical follow-up (days after symptom onset)

Median (IQR) 72 (62, 80) 44 (39.5, 62) 45 (40, 70)

Range 40,91 26, 96 26, 96

219 (82.6%) patients tested positive only with nasopharyngeal swabs,
4 (17.4%) only with anal swabs.
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Fig. 1 Antibody kinetics of all COVID-19 patients during the convalescent phases (n = 143). A Changes in levels of total, IgG, IgM and IgA
antibodies. B Kaplan-Meier estimates of the probability of seropositivity for total, IgG, IgM, and IgA antibodies

antibodies at three months post-onset. The antibody levels
and the seropositivity rate for total, IgG, IgM, and IgA were
similar among patients with and without re-positive RT-PCR
(all p-values higher than 0.05, Fig. 2 and Supplementary
Fig. S1).

This study confirmed that IgG antibodies remained stable
for three months, consistent with other current studies [9,
10]. The antibody response to SARS-CoV-2 infection may
be similar to that of SARS-CoV-1 or other viral infections
[11]. The IgM antibody response was transient, and in half
of the patients, IgM antibodies were undetectable after about
two months. Therefore, similar to other viral infections [12],

IgM antibodies against SARS-CoV-2 may be a marker of
acute SARS-CoV-2 infection.

Antibody levels and seropositivity rates for total, IgG,
IgM, and IgA antibodies were similar in patients with and
without re-positive RT-PCR results. Studies have shown that
the SARS-CoV-2 nucleic acids can be detected in lower-
respiratory-tract specimens and feces for up to 50 days [5,
7]. In addition, the sample quality, sensitivity, and speci-
ficity of commercial test kits may result in false-negative
results, which to some extent explains why some patients
become positive again after a negative result [3]. One study
showed that IgG and IgM levels were similar in re-positive
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Fig.2 Comparison of antibody kinetics in COVID-19 patient with
and without re-positive RT-PCR results during the convalescent
phase. Comparison of antibody levels: A total antibody, B I1gG anti-
body, C IgM antibody, D IgA antibody. P-values were estimated
using multivariable log-binomial regression models with generalized
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estimating equations adjusted for age and days after symptom onset.
Kaplan-Meier curves comparing the prevalence of seropositivity: E
total antibody, F IgG antibody, G IgM antibody, H IgA antibody.
P-values were estimated using the log-rank test
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and non-re-positive patients, which is in agreement with this
study [3]. Another preprint study showed that IgG and IgM
antibody levels did not correlate with the clinical course of
disease and therefore could not be used as a predictor of
disease progression.

There are some limitations of this study. The conveni-
ence of collection of blood samples resulted in an uneven
distribution of sample size over time. Most non-re-positive
patients provided only one blood sample during the 14-day
quarantine period. They were reluctant to come back to pro-
vide blood samples after being discharged. Also, the dura-
tion of the follow-up was relatively short.

In conclusion, this study confirmed that high antibody
titers for total and IgG antibodies persisted for three months
in recovered COVID-19 patients. IgM antibodies declined
rapidly, with a median time to seroconversion of about two
months. IgA antibodies declined more slowly than IgM but
more rapidly than IgG. Antibody responses were similar
between patients with and without re-positive RT-PCR dur-
ing the convalescent phase.
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