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Key points

» This evidence summary reviewed the immune response following infection with
SARS-CoV-2 or other human coronaviruses.

» The original (13 May 2020) and updated (9 June 2020) evidence summaries of
the immune response following coronavirus infections retrieved studies that
focussed on six separate research questions (rate and timing of antibody
detection after infection, the duration of the immune response, the re-
detection rate in recovered patients, the infectiousness of re-detected patients,
and the association between the immune response and the severity of initial
disease).

= Due to the recent emergence of the virus and the rapidly evolving evidence
base, research questions relating to the duration of immunity and the
reinfection rate following SARS-CoV-2 infection were further updated. Twenty-
nine additional studies were identified, resulting in a total of 131 studies.

= Thirty-four studies were identified that examined the duration of antibody
responses (IgG and or neutralising antibodies) >28 days post-symptom onset.
Maximum follow-up was 94 days (mean=49, SD=15.7).

= Of the studies that reported IgG seropositivity at the end of follow up, most
studies (n=23/26) reported 100% IgG seropositivity. In the three studies
reporting less than 100% seropositivity, the first reported 95-98% IgG
detection, the second reported that 2-8.5% of participants never seroconverted
at =2 weeks (but of those that did, all had detectable IgG) and the third
reported 2/65 did not seroconvert (although samples from these patients were
taken within eight days post-symptom onset). Maximum duration of IgG
detection was 94 days.

= Across seven (out of eight) studies that reported individual patient-level
neutralising antibody data, 261 out of 289 patients were seropositive at the
end of follow-up (=90% seropositivity rate).

»  Twenty-six studies were retrieved that reported re-detection of SARS-CoV-2
following recovery. An agreed definition for reinfection (as opposed to re-
detection) was not identified.
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= Nearly all patients who were re-detected positive did not show new clinical
symptoms or disease progression. However, two case series and one case
study reported new-onset or worsening symptoms among re-detected cases.
An additional case study reported new IgM seroconversion in an asymptomatic
re-detected case, suggestive of re-infection. These four studies suggest that
reinfection may be possible.

= Most re-detection cases are likely due to technical issues including intermittent
false negatives from the inconsistent viral shedding in the later course of the
disease, or the detection of dead viral remnants by RT-PCR when no viable
virus is present. Re-detection of non-viable virus is supported by one study that
attempted, unsuccessfully, to perform live virus isolation and whole genome
sequencing on re-detected cases.

= No study was found that directly addressed whether individuals re-detected
with SARS-CoV-2 or other human coronaviruses are infectious to others. Five
case series were identified that examined onward transmission in individuals
who retested positive for SARS-CoV-2 despite having two previous negative
respiratory RT-PCR tests. None of the studies reported onward transmission to
any of the close contacts of those who re-tested positive for SARS-CoV-2,
though only one study explicitly conducted contact tracing or follow-up.

= The overall quality of evidence was low due to the inherent limitations
associated with the study designs, and 45 out of 131 studies have not yet been
peer reviewed.

= In conclusion, the adequacy or long-term duration of the immune response is
not yet known. SARS-CoV-2-specific IgG was detected in nearly all individuals
at the end of follow-up (up to 94 days) and over 90% developed a neutralising
antibody response. Many studies have reported the re-detection of SARS-CoV-2
following recovery. While most patients were asymptomatic on re-detection,
cases of new symptom onset and serology suggestive of reinfection have been
reported, suggesting reinfection may be possible.
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Evidence summary of the immune response following
infection with SARS-CoV-2 or other human
coronaviruses

Introduction

The Health Information and Quality Authority (HIQA) has developed a series of
‘Evidence Summaries’ to assist the Clinical Expert Advisory Group (EAG) in
supporting the National Public Health Emergency Team (NPHET) in their response to
COVID-19. These summaries are based on specific research questions. This evidence
summary was developed to address the following research question:

What is the rate of reinfection/duration of immunity in individuals
who recover from a laboratory-confirmed coronavirus infection?

The objective of this review was to summarise the evidence on the immune
response following acute coronavirus infections, including SARS-CoV-2.

The following research questions were addressed:

1. What proportion of confirmed cases develop specific antibodies to SARS-CoV-
2 (seroconversion rate)?

2. How quickly does one develop specific antibodies to SARS-CoV-2
(seroconversion timing)?

3. What is the duration of detection of serum antibodies and antibody titres over
time associated with infection with SARS-CoV-2 or other coronaviruses?

4. What is the reinfection rate following recovery from acute SARS-CoV-2
infection?

5. Are individuals reinfected with SARS-CoV-2 or other human coronaviruses
infectious?

6. Does the seroconversion rate and or timing, and duration of immunity,
depend on the severity of the initial infection?

The processes as outlined in HIQA's protocol (available on www.higa.ie) were
followed. Relevant databases of published literature and pre-print servers were
searched. The original search was carried out from 1 January 2000 until 1 May 2020
(n=67 studies), and updated on 26 May 2020 (n=35 new studies). The search was
further updated on 6 July 2020 limited to new studies (n=29 new studies) that relate
to the duration of SARS-CoV-2 antibody responses (research question 3) and
reinfection (research questions 4 and 5).


https://www.hiqa.ie/reports-and-publications/health-technology-assessment/protocol-evidence-synthesis-support-covid-19
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Results

Across all updates, 131 studies were identified that met our inclusion criteria. These
included 111 case series,(1'111) 10 case reports,(112121) five cohort studies(122-126) and
five cross-sectional studies.(127-131)

Eighty-five studies were conducted in China, eight in France, six in Italy, five in the
US, four in Germany, three each in South Korea, Taiwan and the UK, two each in
Hong Kong, Saudi Arabia, and Singapore, and one each in Belgium, Finland, Japan,
the Netherlands, the Philippines, Reunion Island, Spain and Switzerland. SARS-CoV-2
was investigated in 103 studies, SARS-CoV in 25 and MERS-CoV in three.

Below is a summary of the updated evidence relating to research questions 3, 4 and
5 (search current to 6 July 2020). Appendices 1.1 to 1.3 present the evidence
previously retrieved relating to questions 1, 2 and 6 (search current to 26 May
2020), respectively.

Research question 3: Duration of immune response following SARS-
CoV-2 infection

Thirty-four studies were identified that examined the duration of antibody responses
(IgG and or neutralising antibodies) in SARS-CoV-2 infection for >28 days (Table
2)_(1, 18, 19, 23-27, 29, 31, 32, 42, 49, 52, 61, 63-65, 67, 70, 73, 76, 79, 82, 83, 86, 94, 101, 102, 111, 128, 130-132)
Maximum follow-up was 94 days in one study(?) and mean maximum follow-up was
49 days across all studies (standard deviation=15.7). Thirteen studies were
conducted in China, four in the US, three in France and the UK, two in Italy, and one
each in Belgium, Germany, Hong Kong, Israel, Italy, Japan, the Netherlands,
Reunion Island and Spain. All studies were case series or cross-sectional studies, and
over half were published as pre-prints at the time of search (18/34). A wide variety
of testing platforms were used, including both laboratory and rapid point-of-care
tests, and a number of studies did not provide details of the serological test used
(Table 2 provides details of serological tests used in included studies).

Twenty six of the 34 studies reported IgG seropositivity rate at the end of follow-up.
Twenty three of these studies reported 100% IgG seropositivity, while three studies
reported IgG seropositivity rates of 91% or more. The first study reported close to
100% sensitivity for IgG detection at 43 days post-diagnosis (anti-S1-IgG: 96%,
anti-S-IgG: 98%, and anti-S-RBD-IgG: 95%).(128) The second study followed
individuals for almost 60 days”® and reported that 8.5% (15/177) did not
seroconvert over the entire follow-up period. However, only four of the 15 non-
seroconverters were followed beyond 20 days, suggesting that 2.3%-8.5% of
patients may not develop IgG antibody responses >20 days post-infection. Of
seroconverters, all had IgG detected at end of follow-up. The third study reported
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that 2 out of 65 individuals (3.1%) did not generate detectable IgG.(!11) However,
samples were only available up until 2 and 8-days post-symptom onset for these two
individuals. The mean time to seroconversion against at least one antigen was 12.6
days post-symptom onset for the rest of the study cohort, so it is possible that these
two individuals would have seroconverted if tested at a later timepoint.

Nine studies reported detection rates for neutralising antibodies >28 days. (2> 27, 64, 69,
73,76, 86, 111, 128) Across all studies that reported individual level data (n=7), 261 out of
289 patients were seropositive at the end of follow-up (90.3% seropositivity rate).

One study measured the potency of antibody responses over time in sequential
samples from 65 individuals up to 94 days post-symptom onset.(!11) All individuals
sampled after eight days post-symptom onset developed an IgG and neutralising
antibody response. The IgG optical density (as measured at 1:50 dilution) remained
high in the majority of individuals, even up to 94 days. Potency of neutralisation was
measured by using HIV-1 based virus particles, pseudotyped with SARS-CoV-2 S in a
HelLa cell line stably expressing the ACE2 receptor. This technique found that
neutralising antibodies waned with time; comparison of the IDso (infectious dose 50;
serum dilution that inhibits 50% infection) at peak neutralisation and IDs at the final
time point collected showed a decrease in almost all cases. For serum samples
collected after 65 days post-symptom onset, the percentage of donors with potent
neutralising antibodies (IDso>2000) had reduced to 16.7%. Additionally, some
seropositive individuals who were asymptomatic were able to generate neutralising
antibody titres IDso>1000. The magnitude of the response was associated with
disease severity, although waning occurred in both severe and non-severe patients.
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Table 1: Summary of studies of SARS-CoV-2-specific IgG and neutralising antibodies =28 days (or maximal follow-up)

Immunoglobulin G (IgG)

Adams 2020(%) 50-60+ days post-symptom onset: N=9/9 seropositive; including N=2/2 positive at 260 days.*
29-35 days post-symptom onset: 100% seropositive (N=7 patients on haemodialysis, number sampled at end of follow-up N/R)
>28 days post-symptom onset: N=19/19 seropositive (by either Abbott or Orient gene test)

Dobi 202024 28-64 days post-symptom onset: N=4/4 seropositive
Dobano 2020(23) Higher sensitivities were obtained when specificities were set to 99%, reaching 100% for samples >28 days since symptom onset.
Number tested at end of follow-up N/R

25-33 days post-admission to hospital: N=6/6 seropositive

49-56 days post-symptom onset: N=10/10 seropositive, but titres declining

53-55 days post-symptom onset: N=5/5 seropositive

35 days post-symptom onset: N=1/1 seropositive in 3/3 platforms

47-69 days post-symptom onset: N=9/9 seropositive by Abbott and Euroimmun ELISA; N=7/9 seropositive by Biosynex lateral flow
assay

46-51 days post-symptom onset: N=11/11 seropositive

Serum IgG persisted at a high level up to 56 days (total sample N=89 patients, number tested at end of follow-up N/R)

31-55 days post-symptom onset: N=8/8 seropositive

Sensitivity for IgG at 43 days post-diagnosis (IQR 38-48 days): S1-IgG: 96%, S-IgG: 98%, and S-RBD-IgG: 95%. Raw counts N/R

Kreer 2020(52) 69 days post-diagnosis: N=1/1 seropositive

Liu 2020d(6V) N=5/32 patients followed for 28 days post-diagnosis; N=5/5 seropositive

Liu 2020e(53) Day 61-65 post-symptom:
Mild: 2/2 seropositive for total antibodies (IgA/IgG/IgM)
Severe: 14/14 seropositive for total antibodies (IgA/IgG/IgM)
(at 61-65 days, it is presumed IgG is the prevailing antibody detected)

Ma 20205 31-41 days post-symptom onset: N=23/23 seropositive

Munitz 202067 IgG anti RBD and IgG anti NP detectable up to 50 days after symptom onset; seroconversion rate in individuals sampled >28 days
not reported

(01 E LD COBE N=91/91 cases had IgG detected at 28-63 days post-symptom onset

SELLGEL L PO ]CRES At 26-30 days post-fever onset: Mean and standard error AU/mL values>60 (above cut off) (number sampled at end of follow-up
N/R)

Perera 202003 29-42 days post-symptom onset: N=12/12 seropositive

Seow 2020(111) 100% (63/63) seropositive after 8 days post-symptom onset, including 1 patient at 94 days post-symptom onset

Page 8 of 158
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Staines 2020(79) \ In seroconverters, antibodies did not decline up to 60 days post-diagnosis (number sampled at end of follow-up N/R)

Vogelzang 60 days post-symptom onset: Substantial amounts of anti-RBD detected (number sampled at end of follow-up N/R)
20202

>32 days post-symptom onset: N=1 seropositive
Yang 2020b(130) Of N=55 patients:

N=1 at 76 days post-discharge seropositive

N=8 at 60-75 days post-discharge seropositive

N=10 at 50-60 days post-discharge seropositive

N=55 >28 days post-discharge seropositive

Yongchen 44-50 days post-symptom onset: N=5/5 seropositive
2020131)

\ 39 days post-symptom onset: N=17/17 seropositive
RAELTEPLPLEREIE 40-50 days post-symptom onset: N=8/8 seropositive
Neutralising antibodies (NAbs) |
\ 25-33 days post-admission to hospital: N=11/12 seropositive

Fafi-Kremer 28-41 days post-symptom onset: N=47/48 seropositive
202027

\ 43 days post-diagnosis (IQR 38-48 days): N=101/126 seropositive
\ Median of 35 days post- symptom onset: N=58/59 samples seropositive
RELCEPIPLICORIEN 20-30 days post-symptom onset: N=3/3 seropositive
PEEEPIPLEORE 29-42 days post-symptom onset: N=12/12 seropositive

61 EL TP pLCRER - Most convalescent plasmas obtained from individuals did not contain high levels of neutralising activity
Rare but recurring RBD-specific antibodies with potent antiviral activity were found in all individuals tested

Seow 2020(111) 100% (63/63) seropositive after 8 days post-symptom onset, although significant reduction in neutralising antibody potency over
time

Wang 2020e(®5) \ 41-53 days post-symptom onset: N=29/29 seropositive

Note — duration denotes longest follow-up in included studies. Duration of immune response inconsistently reported as either duration from symptom onset, post-PCR
diagnosis, post-admission or post-discharge.

*Data derived from graph (Figure 1 in Adams 2020)

N/R — not reported

Page 9 of 158
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Research question 4: Reinfection rate

No agreed definition for what constitutes ‘reinfection’ was identified in the literature;

however, 26 studies were retrieved that relate to re-detection of viral RNA following
a negative RT-PCR sample.(3f 13, 14, 21, 30, 44, 51, 53, 57, 64, 84, 85, 89, 90, 93, 96, 99, 100, 104, 108, 112,

113, 116, 117, 119, 127)

All studies report cases of re-detected SARS-CoV-2 following recovery, however the
testing methodology, location of specimen, timing of testing (both recovery and re-
detection times) and criteria for discharge from hospital varied across studies (Table
3). In addition to respiratory RT-PCR tests, five studies reported re-detected positive
anal or faecal samples. (21 64, 84,104, 127) For studies conducted in China, patients were
discharged in accordance with the Chinese Clinical Guidance for COVID-19
Pneumonia Diagnosis and Treatment: (1) normal temperature for three days or
more, (2) significant improvement in respiratory symptoms, (3) chest radiology
findings show substantial improvement of acute exudative lesions, (4) two
consecutive negative nucleic acid tests using respiratory tract samples (taken at least
24 hours apart).(133) The largest sample size across studies was 619 patients.(®® The
age of included patients ranged from 12 months®® to 92 years,®? while the median
age of patient cohorts ranged from 37 to 62 years.(12%) Ten studies have as yet
only been published as pre-prints.

In terms of estimating the rate of re-detected positive specimens, individual case
studies and case series that only enrolled re-detected positive cases do not provide
meaningful data. Of the studies that followed a cohort of recovered patients (defined
as at least two upper respiratory tract samples negative for SARS-CoV-2 collected at
> 24-hour intervals), 12 studies provided a rate of re-detection via RT-PCR of
respiratory samples. (13 14, 21, 44, 64, 84, 89, 90, 93, 96, 99, 134) Ty these studies, the re-
detection rate ranged from 3% (2/62 cases)(!3) to 30.7% (4/13 cases).*”) The
largest cohort reported a re-detection rate of 14% (N=87/619 cases).(®%

Only one study reported results of live virus isolation and whole genome sequencing
of re-detected cases.®¥ Live virus isolation was attempted on 36 RT-PCR re-
detected positive samples including 14 nasopharyngeal swabs, three throat swabs
and 19 anal swabs by inoculation into Vero-E6 cell lines. No live viruses could be
cultured. Virus whole genome sequencing was then attempted; no full-length SARS-
CoV-2 genome could be obtained by sequencing 94 samples from 54 patients (the
sequencing coverage ranged from 0.00-75.48%).

Across studies, almost all re-detected positive patients were asymptomatic at the
time of the positive re-detection test. All re-detected positive anal or faecal samples
were in asymptomatic patients. (21 64 84, 104, 127)However, two case series** 8) and
two case studies(112 113) reported results inconsistent with this trend.
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The first case series reported that those who were re-detected positive had

respiratory symptoms, including cough and increased sputum production on
readmission.(*Y) However, while symptomatic, only two of the 69 re-detected cases
were febrile with typical clinical manifestations that satisfied the first admission
criteria. The second case series found that one re-detected positive patient (out of
17) presented with recurrent symptoms and exudative CT lesions (however, lesions
were less severe than on initial admission). (142)

The first case study involved a 78-year-old woman who initially presented with
typical symptoms and ground glass lung opacities along with a positive RT-PCR
test.(113) Symptoms resolved and SARS-CoV-2 RNA on day 23 was negative. The
patient subsequently became febrile and lymphopenic on day 26 and RT-PCR
became positive (with positive IgG serology). The second case study involved a 69-
year-old woman who presented with typical symptoms and positive RT-PCR.(112)
After resolution of symptoms and two negative RT-PCR tests, the patient was
discharged. Patient was subsequently admitted for UTI 23 days later; four
nasopharyngeal swab RNA tests for SARS-CoV-2 were negative at this time.
Serological analysis revealed the presence of SARS-CoV-2-specific IgG, but not IgM.
During recovery, the patient was accidentally in prolonged close contact with an
undiagnosed patient with SARS-CoV-2. Subsequent analysis revealed positive RT-
PCR and IgM seroconversion, although patient remained asymptomatic.

Research question 5: Are individuals reinfected with SARS-CoV-2
infectious?

No study was identified that directly addressed this research question. However, five
studies were identified that partially addressed this research question as they
examined onward transmission in individuals who retested positive for SARS-CoV-2,
after having two previous negative RT-PCR tests.(3: 21 53, 84 85) These tests
presumably used upper respiratory tract samples to determine whether patients
satisfied discharge criteria; however, the sample site is not clearly reported. All five
studies were case series studies conducted in China, examining the re-detection of
SARS-CoV-2 in patients recovering from COVID-19. Four of these studies were pre-
prints and are not yet peer-reviewed.3 2184 85 No study was found that examined
whether patients reinfected (or re-detected) with another human coronavirus were
infectious. Full study details are provided in Table 4.

All five studies had small sample sizes, ranging from four re-detected cases(?!>3) to
38.13) Two of the included studies sampled from larger populations of patients who
were discharged from hospital after recovering from COVID-19.3: 8% In all studies,

patients were discharged in accordance with the Chinese clinical guidance
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including improvement in symptoms and consecutive negative PCR tests taken

24 hours apart.(133)

None of the five included studies reported onward transmission to any close contacts
of those who re-tested positive for SARS-CoV-2. However, there was very limited
information on how contact tracing was conducted, what testing was undertaken
and how long the contacts were followed up for. Only one of the five studies
explicitly reported conducting contact tracing, but provided limited details.®) The
other four studies simply stated that there were no reports of onward transmission,
without providing any information on how this was established.(21 53, 84 85) Ag the
convalescent patients were undergoing quarantine or self-isolation at home or in a
hotel during the post-discharge period, it is not clear whether their contacts would
have been in close enough contact to be infected. One study stated that they
followed all 21 close contacts (of the 38 re-detected patients) until 10 March 2020,
which was a median of 40-46 days since symptom onset.(®) However, no information
is provided in this study regarding the timing and degree of exposure between the
index case and their contacts.

Methodological quality

Figure 1 provides details of the quality appraisal of all (131) included studies, across
nine critical domains. The overall quality of evidence was low due to the inherent
biases in included study designs. In general, study questions were clearly stated
(n=128/131) and the reporting of the condition (h=111/131) and outcomes
(n=106/131) were conducted in a standard, reliable way. Sufficient demographic
details were provided in 100 of the 131 studies. Of concern was the applicability of
some studies to the Irish context, mostly due to the range of testing platforms used
that may not be available for use in Ireland (n=17 were not applicable, and it was
‘unclear’ in n=54 studies). Forty-five studies included in this review were published
as pre-prints, so have not yet been formally peer-reviewed raising additional
concerns about overall quality and the potential for results to change prior to formal
publication.
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Figure 1 Quality assessment domains

Quality assessment domains

Was the study question or objective clearly stated? 128 3
Are sufficient demographic details provided? 100 31

Is the context applicable? 60 17 54

Was the criteria for indusion of the case(s) dear? 2.6

Did case series have consecutive inclusion of partidpants? 31 30 58 12

Was the condition measured in a standard, reliable way for all

6
participants? L1 B

Was the outcome measured in standard, reliable way? 106 11 1252

Was the statistical analysis appropriate? 7 42

Was the study accepted for publication (not a pre-print)? 86 45

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

HYes m No Unclear Not applicable

Notes:

Data presented for all included studies (n=130); numbers on bars indicate number of studies that were deemed yes/no/unclear/not applicable for each question.

The same risk of bias tool was used across all designs due to the lack of clarity in some studies regarding the distinction between cohorts and case series. For the purposes of
this assessment, all were considered as case reports / case series.
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Discussion

In this update, the evidence on the duration of antibody responses beyond 28 days
and the reinfection rate following SARS-CoV-2 infection was summarised. In earlier
versions of this review we also summarised the rate and timing of antibody
detection, the duration of immune responses following SARS-CoV and MERS-CoV,
and the association between these immune responses and the severity of initial
infection (archived in appendices 1.1-1.3).

The overall quality of evidence is low based on pre-defined quality appraisal criteria
and the nature of the study designs. The applicability of the majority of studies to
the Irish context is uncertain. Concerns also exist regarding the methodological
quality of pre-print studies that have not undergone a formal peer review process
(45 of the 131 included studies were pre-prints). The evidence available to answer
these research questions is evolving. Large-scale studies of population-based
antibody responses with appropriate sample sizes and extended follow-up periods,
that investigate the correlation with immunity and protection against reinfection, are
not available yet.

Due to the recent emergence of SARS-CoV-2, the longest follow-up data on the
immune response currently available is 94 days. While studies consistently
demonstrated anti-SARS-CoV-2 IgG and neutralising antibody detection in most
patients beyond 28 days, limitations of this review included potential variability in
the accuracy of tests used across studies, the use of tests that have not yet been
validated, poor reporting on the levels of detection employed, small sample sizes,
and limited duration of follow-up.

As of yet, there is no reference antibody standard for SARS-CoV-2. Reference
standards are used to calibrate antibody testing systems against an international
reference protocol.(13%) Three reference standards are recommended for the ELISA: a
strong positive standard, a weak positive standard and a negative serum standard.
Without a reference standard, validation of tests is difficult. Earlier studies frequently
employed tests that were not externally validated. Additionally, a wide variety of
testing platforms were used, and test accuracy differs significantly depending on the
type of test used. Earlier tests typically had lower sensitivity and specificity.(136) In
May 2020; however, two IgG tests have been validated by Public Health England
(Roche Diagnostics and Abbott Laboratories).(137) Evaluations concluded that each
had a specificity of 100%; sensitivity, for samples taken at least 14 days since the
onset of symptoms, stood at 93.9% for the Abbott test and 87.0% for the Roche
test. The University of Washington has also validated the Abbott SARS-CoV-2 IgG
test, finding 99.9% specificity on 1,020 patient samples and 100% sensitivity on 689

Page 14 of 158



Evidence summary of the immune response following infection with SARS-CoV-2 or other
human coronaviruses
Health Information and Quality Authority

serum samples (from 125 people) when testing 17 days after symptom onset.(138)
Performance data on commercially available in vitro diagnostic tests for SARS-CoV-2,
that include independent validation of tests, are increasing in availability. (139

The levels of detection for SARS-CoV-2-specific antibodies were not uniform across
studies, and frequently not reported. Differences in test accuracy, levels of
detection, and the use of non-validated tests may partly explain differences
observed. For IgG, however, studies in this review consistently identified nearly all
patients after two weeks post-symptom onset. Interim guidelines by the CDC have
not identified an advantage of antibody tests whether they test for IgG, IgM and
IgG, or total antibody.(4% Provided IgM or IgA are not the sole basis for detection of
the immune response, and samples are taken a minimum of two-to-three weeks
post-symptom onset, the testing platform used may not be a major issue.

While this review was limited by small sample sizes in a number of studies, it is
notable that more recent studies typically included a larger number of participants
with longer follow-up periods. The finding that IgG and neutralising antibodies were
consistently detected beyond two weeks post-infection must be validated by larger
studies.

It is not yet possible to conclude that reinfection can occur following recovery from
SARS-CoV-2. Twenty-six studies were identified that reported on re-detection of
SARS-CoV-2 following recovery. However, typically only a short time (< 14 days)
elapsed between confirmatory negative tests and subsequent re-detection positive.
Re-detected positive patients were asymptomatic in most studies. However, four
studies reported unusual results; two case series and one case study reported re-
detected cases that exhibited new signs and symptoms upon re-detection, and
another case study reported new IgM seroconversion coinciding with RT-PCR re-
detection.

Re-detected cases who are asymptomatic are unlikely to be clinically or
epidemiologically important, unless evidence emerges that these re-detected cases
are themselves infectious to others. Re-detection cases could reflect detection of
non-viable viral material (which is being inconsistently shed) rather than viable virus.
Only one study attempted live virus isolation with whole genome sequencing on re-
detected positive samples; no live viruses were cultured and no full-length SARS-
CoV-2 genome was attained.

It is possible that the confirmation of virus clearance in the initial infection was
based on a false negative test result. There may be a number of explanations for
this. Firstly, there is a potential for pre-analytical errors including issues such as
insufficient sampling, contamination of specimens, and inappropriate storage and
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transport conditions. Secondly, the analytical process can effect results with the use
of different sample preparations, the presence of PCR inhibitors and operator
errors.(*) Thirdly, the viral dynamics of SARS-CoV-2 across the time course of the
infection are still not fully understood. Hence, false negative test results may occur if
samples are tested during the late convalescent phase, when virus levels may be
fluctuating.4?) Molecular diagnostic tests (such as RT-PCR) detect viral RNA, but do
not confirm presence of live virus. Intermittently positive test results may therefore
reflect inconsistent shedding of non-viable virus, later in the course of an infection

No evidence was found to determine whether patients who are re-detected as
positive with SARS-CoV-2 or any other coronavirus are infectious. Although none of
the five studies identified reported any evidence of onward transmission, discharged
patients were aware of their prior infection and were undergoing quarantine or self-
isolation, hence the potential for onward transmission via close contacts was limited.
Viral dynamics are as yet uncertain for SARS-CoV-2, but in any case it is not possible
to comment on the level of infectiousness as none of the studies reported the viral
load, and this is a significant limitation of the included studies. These results are
supported by the findings from the Korea Centers for Disease Control and Prevention
(KCDC) in South Korea. They conducted an epidemiological investigation that
included contact tracing for 285 (63.8%) of the total 447 re-detected positive cases
reported up to 15 May 2020.(143) Of these, 59.6% were tested as a screening
measure, and 37.5% were tested because of symptom onset. Of the 284 cases for
which symptoms were investigated, 126 (44.7%) were symptomatic. From the 285
re-detected positive cases, a total of 790 contacts were identified (351=family;
439=others). From the monitoring of contacts, as of 19 May 2020, no case has been
found that was newly confirmed from exposure during the re-detection positive
period alone.

Conclusion

In conclusion, while the adequacy or long-term duration of the immune response is
not yet known, SARS-CoV-2-specific IgG antibodies aredetected in nearly all
individuals at the end of follow-up (up to 94 days), and over 90% of patients
develop a neutralising antibody response. Many studies have reported the re-
detection of SARS-CoV-2 in clinical samples following recovery from COVID-19. While
most patients had no symptoms when the virus was re-detected, cases with new
symptom onset and laboratory findings suggestive of potential re-infection (for
example, new IgM seroconversion detectable in blood samples) have been reported.
This suggests that re-infection with SARS-CoV-2 may be possible.
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Tables of study characteristics and primary outcomes

Author
DOI
Country

Study
design

Adams
2020

10.1101/2020
.04.15.200664
07

UK

Case series

Virus type
Test parameters

SARS-CoV-2

ELISA and RT-PCR
(used as reference test)

Compared to 9
commercially available
lateral flow
immunoassay (LFIA)
devices

Plasma samples. RT-
PCR from upper
respiratory tract
(nose/throat) swab

Acute samples were
collected from patients
a median 10 (range 4-
27) days from symptom
onset (n=16), and from
recovering healthcare
workers median 13
[range 8-19] days after
first symptoms; (n=6).

Convalescent samples
were collected from

Table 2: Duration of immune response following SARS-CoV-2 infection

Population

Patient
demographics

Clinical
characteristics

N=40 adult positive for
SARS-CoV-2 by RT-
PCR.

N=142 controls

For SARS-CoV-2
patient:

Age mean 60 (range
22-95)

Severity: Mild
26(65%), Severe
4(10%), critical
9(22.5%), 1
asymptomatic (2.5%)

N=18 convalescent
cases (>28 days from
symptom onset). N=16
case (< 28 days from
symptom onset). N=6
convalescent health
care worker (< 28
days from symptom
onset)

Primary outcome results

Duration of detection of serum immunoglobulin levels:

40 SARS-CoV-2 samples and 50 controls tested by ELISA. 34/40
positive for IgG, other 6 where taken within 9 days of symptom
onset. All samples taken >= 10 days after symptom onset positive
for IgG. IgM positive in 28/40 samples (70%). No patient was IgM
positive and IgG negative. N=9 patients had samples from
between 50 and 60 days after onset of symptoms. In these 9
patients IgM (5 out of 9) and IgG (9 out of 9) still present. N=2
patients had samples >60 days, both were still positive.

Serum titres of IgG over time (typically expressed as
Geometric Mean Titres [GMTs]):

Considering the relationship between IgM and IgG titres and time
since symptom onset, univariate regression models showed IgG
antibody titres rising over the first 3 weeks from symptom onset.
The lower bound of the pointwise 95%CI for the mean expected
titre crosses OD threshold between days 6-7. However, given
sampling variation, test performance is likely to be optimal from
several days later. IgG titres fell during the second month after
symptom onset but remained above the OD threshold (at 60 days
from symptom onset). No temporal association was observed
between IgM titres and time since symptom onset.

Other outcome:
There was no evidence that SARS-2-CoV severity, need for hospital
admission or patient age were

Comments

Not peer
reviewed;
medRxiv
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De Vriese
2020118

Belgium
Case series

10.1053/j.ajkd
.2020.05.009

Delliere
2020119

France
Case series

10.1128/I1CM.
01233-20

Dobano
2020(23)

Spain
Case series

10.1101/2020
.06.11.147363

adults a median 48
[range 31-62] days
after

symptom onset and/or
date of positive throat
swab (n=18)

Nasopharyngeal swab
RT-PCR

ELISA for IgG
(NovalLisa, NovaTec;
validated in-house;
approved by the Federal
Agency for Drugs and
Health Products)

RT-PCR: Cobas® SARS-
CoV-2 Test

Two assays:

Orient Gene Biotech
(lateral flow assay)

ASIA on Architect
Abbott Instrument
i2000SR

SARS-CoV-2
Diagnosis: RT-PCR

Three quantitative
suspension array
technology (qSAT)
assays to detect IgM,
IgA and IgG to a panel

N=282 patients on
haemodialysis, of
which N=7 PCR
confirmed

Samples taken from
6/7 patients (1 patient
died before follow-up
samples taken) until
29-35 days post-
symptom onset

N=102

Mean age: 52 years
(£16 years); 57.8%
male

N=19 followed for 28
days or longer

N=115 plasmas from
individuals with a
confirmed past/current
diagnosis of COVID-19.

Time since onset of
symptoms ranged from
0 to 46 days.

Health Information and Quality Authority

associated with IgG or IgM titres in multivariable models

Letter to the
editor

o IgG seroconversion rate was 100%

o All patients sampled at 29-35 days positive (number tested not
reported)

e N=3/7 patients died; 1 on day 6, 1 on day 11 and 1 on day 36

At 28 days or longer, 19/19 positive for IgG by either Abbott or Peer-reviewed

Orient gene

Not peer-
reviewed

Higher sensitivities were obtained when specificities were set to
98% or 99%, reaching 100% for samples =21 or >28 days since
the onset of symptoms
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Dobi
2020024

Reunion
Island (part of
France)

Prospective
cohort

10.1101/2020
.05.25.201126
23

Dong
2020

10.1101/2020
.03.17.200366
40

China

Case series

of eight SARS-CoV-2
antigens including spike
(S), nucleoprotein (N)
and membrane (M)
protein constructs

SARS-CoV-2

Immunofluorescence,
Immunoblot, Western
blot and ELISA

Tested over a 2 month
period (10 to 64 days)

SARS-CoV-2

RT-PCR and CT to
confirm infected.

ELISA for IgG/IgM (not
commercial)

Neutralising antibody
assay

Interferon gamma
ELISpot

FACS staining

Additional
demographic details
N/R

N=20 hospitalised
patients

N=12 SARS-COV-2
patients recently virus
free and discharged
from hospital. 6 were
recently discharged
and 6 had been
discharged for 2
weeks(follow-up
patients)

n=4 controls

2 patients showed
lymphopenia. Seven

Health Information and Quality Authority

Rate and timing of seroconversion:

IgM and IgG detected 5-7 days post symptom onset. Mild non-ICU
patients had a steady yet robust rise in specific IgG, whereas, over
the full dilution set of the plasma (1/200 to 1/12800), severe (ICU)
patients demonstrated a significant decrease (over 2.5-fold) of
IgG.

Duration of immunity:
N=4/4 were IgG positive at end of follow up; 28-64 days post-
symptom onset

Not peer-
reviewed

Other: IgG and IgM were initially against the nucleocapsid (50kDa
band on the WB) and spreading to other major viral proteins

Note: It is unclear how many patients are ‘severe’, though they say
the reduction in IgG in severe patients is ‘exemplified’ by Patient 1
with results shown from 2 severe and 2 mild patients in Figure (B)

Duration of detection of serum immunoglobulin levels:
SARS-CoV-2 patients mounted IgG and IgM responses to SARS-
CoV-2 proteins, especially NP and S-RBD, and also suggest that
infected patients could maintain their IgG levels, at least for 2
weeks

Not peer
reviewed;
medRxiv

Duration of detection of neutralising antibodies:

4 of the recently discharged patients had high neutralising
antibody titres. All bar 1 of the follow-up patients had lower lowers
of neutralising antibody titres than the recently discharged
patients, although all except 1 was positive (11/12).

B-cell/T cell responses:

Compared to discharged patients, there was a trend towards an
increased frequency of NK cells in the follow-up patients. However,
there was no significant difference in terms of the percentages of
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Du 2020(2%)

10.1002/jmv.
25820

China

Case series

Fu 2020(2%

10.1101/2020
.04.03.200517
63

China

Retrospective
case series

SARS-CoV-2

Unclear which test
performed, but IgG and
IgM measured using a
kit of some sort

Doesn't specifically
state if RT PCR used to
confirm cases

SARS-CoV-2

Immunogold ICT device
(INNOVITA
Biotechnology Co. Ltd.
Tangshan, China)

41 patients tested
month after admission;
14 tested a second time
(timing not stated)

patients were female.
Age mean 41 years
(range 26 to 68)

N=60 convalescent
patients (onset time of
6-7 weeks).

N=10 patients tested
at two time points (6-7
weeks after onset of
symptoms and 7-8
weeks after symptom
onset)

50 severe patients; 27
male, 23 female;
median age 64 years
(IQR, 37-87); more
than half had
underlying disorders
(hypertension 20%;
diabetes 24%, CHD
22%;COPD 6%)

41 of 50 patients
divided into ‘good’
n=12 (29.3%) or ‘poor’
n=29 (70.7%)

Health Information and Quality Authority

T cells among those 2 groups (discharged and follow-up) and the
healthy donors. Compared to healthy donors, the number of IFN-
gamma secreting NP specific t-cells in 4 of the recently discharged
patients suggests that they had developed a SARS-CoV-2 specific T
cell response. Only one of the follow-up patients (with
lymphopenia) had a high number of IFN-gamma secreting T cells
in response to NP, main protease and S-RBD, suggesting anti-viral
T cells may not be maintained at high numbers in the PBMCs in the
recovered patients. This suggests they may enter a quiescent

state.

Duration of detection of serum immunoglobulin levels: Published in

All patients tested positive for the IgG against the virus, 13 journal of

patients tested negative for IgM, with the IgG titre being greater medical

than the IgM titre. virology as a

The IgM and IgG titres in 10 convalescent patients were tested chitg rto the

twice (1 week apart); both titres showed a decrease, with the IgG

titre being greater than the IgM titre. (drop also greater)

Other outcomes:

Antibody detection could act as an indicator of the stage of SARS-

COV-2 progression and that the antibodies in convalescent patients

are not always maintained at a high level.

Duration of immunity: Not peer-
reviewed

Day 53-55: 100% (N=5/5) positive for IgG

Longest duration of IgM was 55 days from onset of illness,
indicating that severe patients with poor recovery were more likely
to have prolonged acute phase of the illness

Other:

Prolonged IgM positive was associated with poor recovery; 91.66%
(11/12) patients with good recovery have positive IgG but negative
IgM after hospitalisation for 1 month; 51.7% (15/29) patients with
poor recovery had positive tests for both IgM and IgG

Page 20 of 158



Evidence summary of the immune response following infection with SARS-CoV-2 or other human coronaviruses

Fujigaki
20206
Japan
Case series

10.1101/2020
.06.28.201404
75

Three
immunochromatography
test kits:

2019-nCoV IgG/IgM
Rapid Test Cassette
(Hangzhou AllTest
Biotech Co., Ltd.,
China), COVID-19
IgM/IgG Duo (SD
BIOSENSOR, Korea),
and 2019-nCoV IgG/IgM
Detection Kit (Vazyme
Biotech Co., Ltd.,
China).

recovery according to
their clinical outcome
and those with lung
lesions were divided
into ‘partial resolution
patient group’ and
‘significant resolution
patient group’

14 patients were
tested a 2" time and 1
(7.1%) was in good
recovery group and 13
(92.8%) were in poor
recovery group

Severity defined
according to Chinese
management guideline
for SARS-CoV-2
(version 5.0)

N=29 PCR confirmed
patients

N=99 serum samples

Mean age, 52.9 years
+ 21.9 years; 14 males
and 15 females

Health Information and Quality Authority

Odds of impaired lung lesion resolutions were higher in patients
with elevated IL-4 (as well as hyperproteinemia, hyperlipidemia
and ferritin)

The IgG antibody-positive rates for samples (n=42) taken after 13
days of onset were 100%, 97.6%, and 97.6% for each test.

One patient had samples at 35 days: positive for IgG in all 3 tests.
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Gallais
2020632

France
Case series

10.1101/2020
.06.21.201324
49

SARS-CoV-2

At least 1 index case in
each household had
positive reverse-
transcriptase
polymerase chain
reaction (RT-PCR) and
/or serological evidence
(contacts did not have
RT-PCR testing)

Three serological tests:

1. The Abbott
Architect SARS-CoV-
2 IgG
chemiluminescent
microparticle
immunoassay for
detection of IgG
against the SARS-
CoV-2 nucleoprotein

2. The Euroimmun
Anti-SARS-CoV-2
Assay, an ELISA for
the detection of IgG
against the SARS-
CoV-2 S1 domain of
the spike protein
including the
immunologically
relevant receptor
binding domain
(RBD)

3. Biosynex, a lateral
flow assay for

N=7 households,
comprising

N=9 index patients
and N=8 close
contacts

N=10 healthy controls

The median age of
index patients was 45
years (range, 34-65
years) and 4 were
male

Blood samples were
collected from 47 to 69
days post symptom
onset

Health Information and Quality Authority

IgG
N=9/9 positive for IgG 47-69 days after symptom onset by Abbott
and Euroimmun ELISA

Not peer
reviewed

N=7/9 positive by Biosynex lateral flow assay

Authors’ Conclusions: Anti-SARS-CoV-2 antibodies and a significant
T cell response detectable up to 69 days after symptom onset

Contacts:

N=6/8 contacts reported COVID-19 symptoms within 1 to 7 days
after the index patients but all were SARS-CoV-2 seronegative.
N=6/8 had SARS-CoV-2-specific T cell response, however
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Jin 2020b49)
China
Case series

DOI:
10.1016/j.ijid.
2020.03.065

detection of IgM

and IgG against the
SARS-CoV-2 RBD of
the Spike protein S

(Abbott Architect assay:
sensitivity 100% and
specificity 100%;
Euroimmun assay:
sensitivity 100% and
specificity 97.7%;
Biosynx assay:
sensitivity 95.6% and
specificity 99.4%)

SARS-CoV-2

IgM and IgG
chemiluminescence
immunoassay (CLIA)
kits (commercially
available)

SARS-CoV-2 confirmed
by RT-PCR

Serum taken before and
after conversion to virus
negative. Duration from
first symptoms to
hospital admission, to
laboratory confirmation,
and to first serological
test in the SARS-COV-2
group patients was 3
days (IQR 2—7 days), 3
days (IQR 2—7 days)

N=43 SARS-COV-2
patients.

N=33 controls (control
group suspected of
having COVID 19, but
did not)

Median age of the
SARS-COV-2 patients
was 47.0 years (IQR
34.0-59.0 years),
ranging from 7 years
to 74 years, and
39.5% were male. All
cases were non-severe

cases. Chronic disease:

hypertension (10,
23.3%), diabetes (3,
7.0%), and liver
disease (2, 4.7%).
Fever was present in
62.8% of SARS-COV-2

Health Information and Quality Authority

Duration of detection of serum immunoglobulin levels:
SARS-COV-2 group: 27 patients tested for viral antibody before

Peer-reviewed;

becoming virus-negative. Median duration from first symptoms to I Jour_nal of
. - ) infectious
serological testing in these 27 patients was 16 days (IQR 9-20 diseases

days). 13 were IgM-positive (48%) and 24 were IgG-positive
(89%). 3 IgG-negative patients were also IgM-negative (these
patients were test 0, 5 and 8 days from symptom onset).

Days from laboratory confirmation to serological test: IgM-positive
rate increased slightly at first (day 1-20) and then decreased as
the number of days from laboratory confirmation to serological
detection increased (up to 32 days); in contrast, the IgG-positive
rate increased to 100% (by day 16-20) and was higher than IgM
at all times. It remained at 100% by day 26-32. Meanwhile, the
virus-positive rate tended to decrease over time

As the duration from symptom onset to serological testing
increased. It was found that both IgM and IgG levels were not
high during the first 5 days following symptom onset. IgG positive
rate reached 100% by day 11-15, and remained there by 31-55
days. IgM positive rate increased until days 16-20 and started to
decrease around 26-30 days after symptom onset. By 31-55 days
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Jin 2020a“8)
China
Case series

10.1016/j.cmi.
2020.05.022

and 18 days (IQR 11—
23 days), respectively

SARS-CoV-2

Throat and/or nasal
swabs collected upon
admission and during
hospitalisation were
analysed by SARS-CoV-
2 real-time RT-PCR

Specific antibodies IgM
and IgG to SARS-CoV-2
were analysed by
chemiluminescent
immunoassay

patients before or on
admission. The second
most common
symptom was cough
(60.5%). Similarly,
fever and cough were
also the most common
symptoms in the
control group

N=89 hospitalised
patients

N=43 in non-prolonged
shedding group, n=46
in prolonged shedding
group (Time to end of
viral RNA shedding
considered as the time
period between
symptom onset and
the date of first
negative RT-PCR test
result. Over 30 days
were categorized as
prolonged viral RNA
shedding.)

All patients: median
age 62 years (IQR 52—
68); 44.9% male

Non-prolonged
conversion: 58 years

Health Information and Quality Authority

after symptom onset less than half of the patients were IgM
positive.

The IgM-positive rate showed a trend to increase at first and then
decline; however, the IgG-positive rate increased and then became
stable over time. Furthermore, the IgG-positive rate was
consistently higher than the IgM-positive rate.

Other outcomes:

According to molecular detection as the gold standard, the
sensitivities of serum IgM and IgG antibodies to diagnose SARS-
COV-2 were 48% (13/27) and 89% (24/27), respectively, and the
specificities were 100% (33/33) and 91% (30/33).

At week 8, serum IgM in both groups (prolonged: 19.4 + 8.0
AU/mL and non-prolonged: 13.2 £ 4.0 AU/mL) declined almost to
the reference level (10 AU/mL).

Serum IgG persisted at a high level up to 8 weeks in both groups
(prolonged: 130.6 £ 25.0 and non-prolonged: 115.6 + 23.0).

In the prolonged shedding group, serum IgG was slightly higher
than that in the other group through week 4 to week 8. However,
the difference between the 2 groups was not significant (p > 0.05)

Letter to the
editor
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Klein
2020(128)

USA

Cross-
sectional
study

10.1101/2020
.06.26.201390
63

Kreer
202002

Germany
Case series

10.1101/2020
.06.12.146290

SARS-CoV-2

1. Virus neutralization
assay using Vero-
E6-TMPRSS2 cells

2. Commercial IgG
and IgA ELISA to
Spike (S) protein S1
domain
(Euroimmun)

3. IgA, IgG and IgM
indirect ELISAs to
the full-length S or
S-receptor binding
domain (S-RBD)

4. 1IgG avidity assay
SARS-CoV-2
ELISA for IgG

Multiple antibody and
cell responses tested
using a variety of
platforms

(IQR 44-68); 41.9%
male

Prolonged conversion:
67 years (IQR 63-70);
47.8% male

N=126 convalescent
plasma donors

Median age = 42 years
(IQR 29-53); 54%
male

Median days since PCR
test=43 (IQR 38-48)

N=12 patients

Mean age: 48.8 years
(range: 28-59 years)

50% male, including

N=5 patients for
longitudinal analysis

Mean age: 46.4 years
(range: 28-58 years)

60% male

Health Information and Quality Authority

Sensitivity for IgG at 43 days post-diagnosis (IQR 38-48): Not peer-
S1-IgG: 96%, S-IgG: 98%, and S-RBD-IgG: 95%. reviewed
NAbs positive in 101/126 (80%)

IgG Not peer-
For longitudinal analysis, n=5 patients sampled at 3 time points reviewed

between 8-69 days post-diagnosis

SARS-CoV-2 neutralization values of plasma IgG ranged from 78.8
to 1500 pg/ml, respectively

At 69 days one person still positive for IgG
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Liu 2020d(6V)
China
Case series

10.1080/2222
1751.2020.17

73324

Liu 2020e(53)
China
Case series

10.1093/clinc
hem/hvaal37

SARS-CoV-2

RT-PCR for diagnosis
along with clinical
criteria for classification
of severe COVID-19

Anti-SARS-CoV-2 IgG
and IgM kits:
manufactured by
Chongging

Xinsaiya Biotechnology
Company from
Chonggqing, China

SARS-CoV-2 spike
protein receptor binding
domain (RBD)-specific
IgM or total antibodies
(IgA/IgG/IgM) using 2
commercial
microparticle
chemiluminescence
immunoassays

N=32 patients (56.3%
severe cases, 43.7%
mild cases)

N=217 samples
Median age = 55 years

66.7% were male

N=192 PCR confirmed
patients

N=1,019 serum
samples

Of 192 patients, 83
(43%) classified as
severe cases

Demographic details
not given

Health Information and Quality Authority

N= 5/32 patients followed for 28 days (N=3 severe cases) Peer-reviewed

N=5/5 IgG positive at 28 days
Titres:

Anti-SARS-CoV-2 S-specific IgG antibodies were identifiable
from day 7 onwards, peaking at approximately day 25

e Serum IgG antibodies were still maintained at a high level after
4 weeks of infection

IgG antibody levels were not significantly correlated with clinical
severity in the early stage of infection. However, the difference in
IgG antibody levels between mild cases and severe cases from day
15 onward was found to be statistically significant.

21.4% of mild cases did not generate adequate IgG antibodies.

Total antibodies IgA/IgG/IgM seropositivity over time (from Letter to editor

symptom onset) in mild and severe cases:

Day 31-36
Mild: 12/18
Severe: 103/103
Day 37-42
Mild: 19/24
Severe: 79/80
Day 43-48
Mild: 36/42
Severe: 86/86
Day 49-54
Mild: 20/23
Severe: 54/54
Day 55-60
Mild: 7/7
Severe: 39/39
Day 61-65
Mild: 2/2
Severe: 14/14
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Ma 2020(55)
China
Case series

10.1038/s414
23-020-0474-
z

Munitz
2020(7)

Israel

Case series

SARS-CoV-2

RT-gPCR assay on
throat swab samples for
initial diagnosis

Antibody testing:
Chemical

luminescence kits were
made for detecting the
presence of RBD-specific
IgA, IgM, and IgG
against highly purified
receptor-binding domain
(RBD)

DTA: RBD-specific IgA,
IgM, and

IgG kits showed
diagnostic sensitivities of
98.6%, 96.8%, and
96.8%, and specificities
of 98.1%, 92.3%, and
99.8%, respectively

Authors developed an
electrochemiluminescen
t assay for detecting
IgM, IgA, and IgG
antibodies

N=87 patients (37 with
underlying ilinesses)

Age:
Mean 47.5 years

Median 48 years
(range 21-91 years)

N=216 serum samples

N=57

18 females and 39
males

Health Information and Quality Authority

After 25-30 days, all sampled severe patients (115/115)
seropositive.

At end of follow-up (61-65 days), both mild (2/2) and severe
(14/14) all positive.

IgA Published

N=23/23 positive for IgA 31-41 days after symptom onset Correspondenc
e

IgM

N=20/23 positive for IgM 31-41 days after symptom onset Cellular &
Molecular

I9G Immunology

N=23/23 positive for IgG 31-41 days after symptom onset

(all RBD specific antibodies)

Severity: Serum IgM and IgG levels in moderate and severe

COVID-19 patients were significantly higher than mild cases, while

no significant difference was observed between severe and

moderate patients

IgG titre over time: The median RLU of RBD-specific IgG was

the lowest in early disease stages but raised at 15 days post illness

onset, the IgG reached its peak during 21-25 days after iliness

onset, and stayed at a relatively high reading until 31-41 days

IgG anti RBD and IgG anti NP detectable up to 50 days after Not peer-

symptom onset reviewed

Seroconversion rate in individuals sampled >28 days not reported
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10.1101/2020
.06.28.201418
38

Okba
20209

10.3201/eid26
07.200841

Samples
collected from
France, the
Netherlands,
Germany

Case series

Padoan
2020b7?)

Italy
Case series

10.1515/cclm-
2020-0443

SARS-CoV-2

Samples confirmed with
RT-PCR as SARS-CoV-2

A plaque reduction
neutralisation test
(PRNT) was used as a
reference for this study

ELISA (developed in
house and 2
commercially available
ones)

Serum samples taken
between day 6 and 27
in mild and severe
cases, days not
specified but noted
samples were taken ‘at
different time points’
over this period

SARS-CoV-2

Validation study of
MAGLUMI™ 2000 Plus

2019-nCov IgM and IgG

assays

2019-nCoV IgM cut-off
is 1.0 AU/mL, while the
2019-nCoV IgG cut-off
is 1.1 AU/mL

N=10 samples from 3
SARS-COV-2 cases
from France (2 mild
cases and 1 severe).

N=31 serum samples
from SARS-COV-2
cases from Berlin).
N=31 controls from
Berlin (controls were
infected with other
coronaviruses)

Control samples from
individuals infected
with other
coronaviruses (HCoV-
229E, NL63 or OC43,
SARS-CoV, MERS-CoV
or other respiratory
viruses)

N=37 PCR-confirmed
hospitalised patients

N=87 serum samples

No other demographic
details

Health Information and Quality Authority

Duration of detection of neutralising antibodies:

With PRNT and all 3 ELISA kits the more severe case had higher
response than the 2 mild cases. Based on PRNT results, the severe
sample was positive 5-10 days after symptom onset. The titre
peaked around 10-15 days after onset and declined gradually up to
30 days after symptom onset when the experiment ended. In the
mild cases the titres increased more gradually and were positive
at 10-15 days after symptom onset and still increasing at the end
of the experiment (20-25 days after onset)

Other:
The aim of this study was to test in house ELISA kits.

Antibody levels were higher following severe infection compared to
the mild ones

The kinetics of COVID-19 antibodies confirmed previously reported
findings.

At 26-30 days post fever onset, mean & standard error AU/mL
values for IgG >60 (above cut off)

IgM mean & SE also above cut off at 26-30 days.
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Perera
202073

Hong Kong
Case series
10.2807/1560

7917.ES.2020.

25.16.200042
1

SARS-CoV-2

IgG ELISA and IgM
ELISA, and as
confirmatory tests,
micro-neutralisation
(MN) and plaque
reduction neutralisation
tests (PRNT0)

Sera and plasma
collected from patients
within 4 weeks of illness
onset. Serum and
plasma were separated.
Sera and plasma were
available from controls
and only sera available
from SARS (2003)
samples.

51 sera from 24
patients. 17 of these
patients had 2 to 4
sequential serum
samples available for
study.

Disease severity
categorised as mild
(5/24) (28-63 years),
moderate (12/24) (25-
80 years), severe
(3/24) (60-72 years)
and critical (4/24) (56-
64 years);

Sera from blood
donors in 2017 used as
controls, stratified by
age 16-19;20-29;30-
39;40-49;50-59;60-69
with 33-34 sera in
each age group; 12
convalescent sera
included as specificity
controls. 7
convalescent sera from
SARS in 2003 also
included as controls.

Health Information and Quality Authority

Rate and timing of seroconversion: Peer-reviewed
e Sera collected < 4 days post-onset, 0 were positive by any

assay
e Sera collected 5-9 days post-onset:

o 3/6 positive for IgG and IgM in ELISA

o 0/6 positive by MN

o 4/6 (including all 3 positive in ELISA) positive by PRNT
e Sera collected 11-18 days post-onset:

13/14 positive for IgM

10/14 positive for IgG

9/14 positive for MN

13/14 positive for PRNT

e Sera collected 19-28 days post-onset:

o 9/11 positive for both IgM and IgG
o 7/11 positive for MN
o 11/11 positive for PRNT
e Sera collected 29-42 days post-onset, 12/12 positive in all four
assays.

o 12/12 positive for IgM and IgG
o 12/12 positive for MN and PRNT (Neutralising
Antibodies)

Correlation of antibody responses with disease severity assessed in
serum samples after day 14 post-onset. PRNT and ELISA IgM were
not correlated with disease severity but severe/critical cases had
higher and statistically significant serum ELISA IgG than
mild/moderate cases.

o O O O

Duration of immunity:

Sequential serum samples available for 17 patients. Most
developed detectable MN and PRNT antibody responses, provided
they had sera collected beyond 28 days after illness.

Note: ‘While positive RBD ELISA result, even if specific, provides
evidence of prior infection of SARS-CoV-2, it is no assurance of
protective immunity, whereas the presence of neutralising
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Robbiani
2020076)

USA
Case series

10.1038/s415
86-020-2456-
9

Seow
2020111)

10.1101/2020
.07.09.201484
29

UK

Case series

Plasma samples were
tested for binding to the
SARS-CoV-2 RBD and
trimeric spike (S)
proteins by a validated
ELISA using anti-IgG or
-IgM secondary
antibodies for detection

SARS-CoV-2
RT-gPCR confirmed

ELISA for IgG, IgM and
IgA response against
spike (S), the receptor
binding domain (RBD)
and nucleocapsid (N)
Neutralising antibodies:
SARS-CoV-2
neutralisation potency
using HIV-1

based virus particles,
pseudotyped with
SARS-CoV-2 S in a Hela
cell line stably

N=157

N=111 (70.7%) were
individuals diagnosed
with SARS-CoV-2
infection by RT-PCR
(cases), and N=46
(29.3%) were close
contacts of individuals
diagnosed with SARS-
CoV-2 infection
(contacts)

Samples collected an
average of 39 days
after symptom onset

N=65

N=59 admitted
patients and 6 staff

Average age 55.2
years (range 23-95
years)

77.2% male

A severity score was
assigned to patients
(ranged from
asymptomatic to
ECMO), score ranged
from0to 5

Health Information and Quality Authority

antibodies would provide greater assurance of protection.
However, more research is needed on the correlates of protection
in all these serological assays.’

No detectable cross-reactivity noted

N=91/91 cases had IgG detected at 28-63 days post-symptom Peer-reviewed

onset

e Plasmas collected an average of 39 days after symptom onset
had variable half-maximal pseudovirus neutralising titres: less
than 1:50 in 33% and below 1:1,000 in 79%, while only 1%
showed titres above 1:5,000

e Most convalescent plasmas obtained from individuals did not
contain high levels of neutralising activity

e Rare but recurring RBD-specific antibodies with potent antiviral
activity were found in all individuals tested

IgM, IgA and IgG: seroconversion Not peer
e N=2/65 individuals (3.1%) did not generate a detectable reviewed;
antibody response against any of the antigens; however medRxiv

samples only available up until 2- and 8-days post-symptom

onset for these two individuals and the mean time to

seroconversion against at least 1 antigen was 12.6 days post-

symptom onset

IgG responses against S, RBD and N antigens were observed

in 92.3%, 89.2% and 93.8% of individuals respectively

The frequency of individuals generating an IgM response

was similar to IgG, with 92.3%, 92.3% and 95.4% seropositive

against S, RBD and N respectively

e The frequency of individuals with an IgA response to RBD and
N was lower, with only 72.3% and 84.6% seropositive
respectively
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expressing the ACE2
receptor

Health Information and Quality Authority

IgM, IgA and IgG: longitudinal analysis

Longitudinal analysis across sequential samples (number
followed N/R) highlighted the rapid decline in the IgM and IgA
response to all 3 antigens following the peak OD between 20-
and 30-days post-symptom onset

In individuals sampled at time points >60 days post-symptom
onset, the IgM and IgA responses were approaching baseline
The IgG OD (as measured at 1:50 dilution) remained high in
the majority of individuals, even up to 94 days

Neutralising antibodies: titres and seroconversion

The average time to detectable neutralization was 14.3 days
post-symptom onset (range 3-59 days)

Increased neutralization potency was observed with increasing
days post-symptom onset with each individual reaching a peak
neutralization titre (ranging from 98 to 32,000) after an
average of 23.1 days (range 1-66 days)

Only two individuals (3.1%) did not develop a response (ID50
<50) which was consistent with their lack of binding antibodies
at the time points tested (<8 days post-symptom onset).

At peak neutralization, 7.7% had low (50-200), 10.8% medium
(201-500), 18.5% high (501-2000) and 60.0% potent (2001+)
neutralizing titres

For serum samples collected after 65 days, the percentage of
donors with potent neutralising antibodies (ID50>2000) had
reduced to 16.7%

Neutralising antibodies: longevity of response

Following peak neutralisation, a waning in ID50 was detected
in individuals sampled at >40 days

Comparison of the ID50 at peak neutralization and ID50 at the
final time point collected showed a decrease in almost all cases
For some individuals with severity score 0, where the peak in
neutralisation was in the ID50 range 100-300, neutralisation
titres became undetectable (ID50 <50)
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Staines
202079

UK
Case series

10.1101/2020
.06.07.201246
36

Vogelzang
2020¢2

Netherlands
Case series

10.1101/2020
.06.17.201337
93

SARS-CoV-2

RT-PCR for diagnosis
(nose/throat swab)

ELISA for IgG (Omega
Diagnostics, Cambridge
UK)

Authors report
‘comparable’
performance to other
validated assays

SARS-CoV-2

RT-PCR assay for
confirmed cases

Authors developed total
antibody bridging
assays for detection of
SARS-CoV-2 antibodies
to the 38 receptor-
binding domain (RBD)
and nucleocapsid
protein (NP)

N=177 patients (94%
hospitalised)

N=645 samples

Median age = 64 years
(IQR 52-77); 57%
male

N=284:

Study included PCR-
confirmed hospitalised
COVID-19 patients
(n=41), PCR-confirmed
hospitalised and non-
hospitalised
convalescent
plasmapheresis donors
(n=182), PCR-
confirmed non-
hospitalised

Health Information and Quality Authority

Severity & neutralising kinetics

e ID50 values between individuals with 0-3 disease severity was
compared with those in the 4/5 group

e Magnitude of the neutralising antibody response at peak
neutralization was significantly higher in the severity 4/5 group

o Time taken to measure detectable titres and the time of peak
neutralization did not differ between the two groups

e This suggests disease severity enhances the magnitude of the
antibody response but does not alter the kinetics

IgG
8.5% (15/177) did not seroconvert over the entire follow-up
period.

Not peer-
reviewed

4 of 15 who did not seroconvert were followed beyond 20 days,
suggesting that 2-8.5% of patients may not develop detectable
IgG antibody responses to SARS-CoV-2 for weeks following
infection.

In seroconverters, antibodies did not decline up to 60 days post-
diagnosis

Seroconverters were older (median age 65.5 vs 41 years, p<0.01),
were more likely to have 1 or more comorbidities (p<0.01) and
had higher BMI (25.7 vs 21.2, p=0.034)

Authors state that, at least up to 60 days after symptom onset,
substantial amounts of IgG to the RBD could be detected

Not peer-
reviewed

Page 32 of 158



Evidence summary of the immune response following infection with SARS-CoV-2 or other human coronaviruses

Wang
2020a(129)

China
Case report

DOI:
10.21203/rs.3
.rs-23009/v1

Wang
2020b( @8

10.1101/2020
.04.15.200656
23

Conventional isotype
assays also performed

SARS-CoV-2

RT-PCR to confirm
SARS-CoV-2. Throat
and nasopharyngeal
swabs

SARS-CoV-2

Neutralising antibody
determined using
cytopathogenic assay.

healthcare workers
(n=47), and a group of
longitudinally sampled
non-hospitalised
symptomatic
individuals highly
suspect of COVID-19
(n=14) not PCR-
confirmed

N=1 SARS-COV-2
patient.

Age 37 years old.

Patient had fever, dry
cough, fatigue,
dizziness, runny nose
and diarrhoea.

Chest CT scan showed

multiple nodules and
mixed ground-glass
opacification with
consolidation in both
lungs

Laboratory findings
showed that his
lymphocyte and CD4+
counts were below the
normal range

N=70 SARS-COV-2
inpatients (n=12) and
convalescent patients
(n=58). Patients for
longitudinal changes in
n= 8 convalescent

Health Information and Quality Authority

Duration of detection of serum immunoglobulin levels:
In total the patient was monitored for 50 days from illness onset.

New coronavirus-specific IgG antibody levels significantly increased
by more than 3 times above those at illness onset, accompanied
by decreased IgM levels.

IgM and IgG measured 5 days after symptom onset were low
(around 5 S/CO), IgM decreased to 0 by 12 days after illness
onset, while IgG was still increasing by 31 days after illness onset
(over 30 S/CO).

Other outcomes:
Treatment: antiviral treatment, including arbidol, lopinavir, IFN-q,
and traditional Chinese medicine

CD4+ T cell increased from around 260 c/pl to more than 400 c/pl
from 5 days post-symptom onset to 31 days after symptom onset.

Duration of detection of neutralising antibodies:
Seropositivity reached 100% within 20 days since illness onset and
remained 100% until day 41-53. Based on 117 samples taken from
70 patients
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China

Case series

Wang
2020e®5

China
Case series

10.21203/rs.3
.rs-38036/v1

Neutralising antibody
test of 1st sample since
onset in this study, the
median time was 33.0
days (range 10.0-53.0).
The time of
convalescent patients
(35.0 days) were longer
than inpatients (13.5
days).

SARS-CoV-2
RT-PCR

Discharge criteria:
[National Health
Commission of China]:
(1) normal temperature
that lasts longer than 3
days, (2) significant
improvement in
respiratory symptoms,
(3) substantially

patients (4 mild, 4
moderate in severity)

The mean age of the
patients was 45 years
(range 16-84). 59%
were female. The
number of patients
having history of
cardiovascular disease,
diabetes, and
hypertension was 2
(2.8%), 5 (7.1%) and
9 (12.9%),
respectively. 1 (1.4%)
patient was
asymptomatic infected,
22 (31.4%) had mild
clinical manifestations,
43 (61.5%) were
moderate, and the
remaining 4 (5.7%)
were in severe
condition

N= 287 discharged
patients, of which

N=33 (11.5%) with
recurrent PCR positivity

Of the redetected, 21
(63.7%) female

Mean age: 48.7 years
(£19.7 years); range:
16-94 years

Health Information and Quality Authority

Serum titres of neutralising antibodies over time:
The antibody level was highest during day 31-40 since onset, and
then decreased slightly by day 41-53.

The total GMT was 1:163.7 (95% CI, 128.5 to 208.6), of which
52.1% (61/117) had a titre between 1:64 and 1:512. The GMT of
day 31-40 since onset (1: 271.2, 95% CI, 175.8 to 418.5) reached
the highest, and decreased slightly after that time period (1:201.7,
96% CI, 144.1-282.2). Univariate GEE analysis showed that the
antibody level during day 31-40 was significantly higher than other
phases.

Other outcomes:

In multivariate GEE analysis, patients at age of 31-60 and 61-84
had a higher antibody level than those at age of 16-30 (=1.0518,
P=0.0152; B=1.3718, P=0.0020). Patients with a worse clinical
classification had a higher antibody titre (8=0.4639, P=0.0227).

N=33 (11.5%) re-detected positive
22/33 (66.7%) asymptomatic

Symptoms: cough, fatigue, sore throat, fever and expectoration.

Not peer-
reviewed

CT thorax: N=8 (24.2%) patients characterised by deterioration
compared with prior admission (4 patients presented with stable
lesions, 9 patients presented with improved lesions, and 12
patients presented with disappearance of original lesions)

Median duration of positivity: 9.0 days (IQR: 6.0-15.0). IgG
antibody titre (r=0.016, p=0.016) risk factor for prolonged
positivity.
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Wolfel
2020®7

Munich,
Germany

Case series

DOI:
10.1038/s415
86-020-2196-
X.

Yang
2020a(%

USA

Case series

10.1016/j.cca.

2020.06.004

improved acute
exudative lesions on
chest computed
tomography (CT)
images, and (4) the
respiratory nucleic acid
was negative for two
consecutive times (with
at least a 24-hour
sampling time interval)

SARS-CoV-2

Seroconversion was
detected by IgG and
IgM
immunofluorescence
using cells expressing
the spike protein of
SARS-CoV-2 and a virus
neutralisation assay
using SARS-CoV-2

Testing for virus by RT-
PCR

IgM/IgG: testing by
cyclic enhanced
fluorescence assay
(CEFA)

N=9 hospitalised

patients

Of N=42 RT-PCR
positive patients, 28
inpatients had serial

samples

N=1 sample tested

>32 days after

symptom onset

Health Information and Quality Authority

No new COVID-19 detected among close contacts of re-detected
patients during the study period.

Duration of detection of neutralising antibodies:

e Seroconversion in 50% of patients occurred by day 7, and in
all by day 14, but was not followed by a rapid decline in viral
load.

e No viruses were isolated after day 7

o All patients showed detectable neutralising antibodies, the
titres of which did not suggest close correlation with clinical
courses

Other outcomes:

e Of note, case #4, with the lowest virus neutralisation titre at
end of week 2, seemed to shed virus from stool over
prolonged time

e Results on differential recombinant immunofluorescence assay
indicated cross-reactivity or cross-stimulation against the four
endemic human coronaviruses in several patients

Pylon CEFA: IgG positive in 1 patient (ventilated), tested >32 days
post-symptom onset
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Yang
2020b*39

China

Cross-
sectional

10.1101/2020
.07.01.201440
30

Zeng
20200101

China
Case series

10.1016/j.jinf.
2020.03.052

Assay for IgM/IgG not
described

SARS-CoV-2

ELISA (Zhuhai Livzon
Diagnostics INC.)

N=72 clinically
recovered patients, of
which N=55 patients
included with serology
samples =28 days
post-discharge

Mean age: 48.8 years
(range: 27-70 years)

62% female

N=27 hospitalised
cases (N=17 severe
cases), N=36 controls

Samples taken day 3
to 39

Serum SARS-CoV-2
specific IgG levels
were tested within day
3 to 39 after the onset
of COVID-19 every 3
days (ELISA)

Median age =62 years
(IQR, 4667 years;
range, 29-87 years)

N=14 men

Health Information and Quality Authority
IgG seropositive in 55 patients; Not peer-

(13 patients seronegative for IgG and IgM, 3 patients re-detected Sl

positive and 1 patient with a serious chronic condition all excluded
from study).

Of the 55 patients:

N=1 at 76 days post-discharge (61-year old female)
N=8 at 60-75 days post discharge

N=10 at 50-59 days post discharge

N=55>28 days post discharge

N=27/27 produced SARS-CoV-2 specific IgG between day 12 and
39 (samples tested every 3 days)

Peer reviewed
Only severe cases (N=17) followed beyond 33 days

Titre: SARS-CoV-2 specific IgG increased from day 9 to 39 after
the onset of illness
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Table 3: Reinfection rate

Health Information and Quality Authority

Author Virus type Population Primary outcome results Comments
DOI Test parameters Patient
Country demographics
. Clinical
S el characteristics
Reinfection rate
An 2020 SARS-CoV-2 N=262 confirmed Redetectable Positive (RP)/Reinfection rate Not peer
. i o SARS-COV-2 patients | Up to March 10, 14.5% of convalescent patients (n=38) were | reviewed
https://DOLorg/1 | The dlscharge_ Cr'te'f'a of the: discharged from re-detected to be SARS-CoV-2 respiratory RNA positive (pre-print)
0.1101/2020.03.2 | recovered patients included: Shenzhen Third during their followed-up period
6.20044222. temperature returned to normal People's Hospital 9 pp )
China for >3 days, respiratory P pital. e The vast majority of RP patients (97.4%, n=37) were
symptoms significantly Among them, mild, younger than 60 years of age. Among them, patients
Retrospective improved, and significant moderate and severe younger than 14 years old were more common compared
Case series absorption of pulmonary lesions | patients accounted with those between the ages of 14 and 60 years (35.0%

of chest CT imaging, and at
least 2 consecutive negative
RNA test results at least 24
hours apart.

RT-PCR was performed using a
China Food and Drug
Administration (CFDA) approved
commercial kit specific for 2019-
nCoV detection (GeneoDX Co.,
Ltd., Shanghai, China) or
Sherlock kit gifted from Feng
Zhang lab.

The redetectable positive (RP)
patients were confirmed by
digestive (anal swab) and
respiratory positive RT-PCR

for 11.4% (n=30),
81.0% (n=212) and
7.6% (n=20),
respectively.

vs 16.0%, p<0.01)

distribution

¢ In addition, 36.7% (11/38) of RP patients were
characterised by mild symptoms. The percentage was
significantly higher than what was seen among non-RP
patients (12.7%, 19/204, p<0.01).

¢ There was no significant difference in the gender

e There were no RP cases in severe patients

o RP patients showed no obvious clinical symptoms and
disease progression upon re-admission
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Bentivegna
2020(112)

Italy
Case study

10.1002/jmv.261
60

Chen 2020a(14

10.1002/jmv.2600
2.

China

Case series

tests. All patients followed for
minimum of 14 days.

Nasopharyngeal swab RT-
PCR for diagnosis

Chemiluminescence
immunoassay assay for
antibody detection

SARS-CoV-2

Retested positive with either
RT-PCR or serum antibody
tests

Serum antibody detected by
colloidal gold
immunochromatography

69-year-old woman
Past medical history

e Type 2 Diabetes
e Urinary neoplasm

11 rehospitalised
patients with positive
RT-PCR or serum
antibody following
discharge; 3 males;
mean age 48.45
years (33-72 years);
2 had diabetes, 1
had hypertension.

Hospital discharge
criteria: (1) normal

Health Information and Quality Authority

Initial presentation:

e Mild fever, cough and positive RT-PCR

e After symptoms resolution and 2 negative RT-PCR tests,
the patient was discharged.

Second admission:

e 23 days later, admitted for UTL.

e 4 nasopharyngeal swab RNA tests for SARS-CoV-2 were
negative

e Serological analysis revealed the presence of SARS-CoV-
2-specific IgG but not IgM

Recovery period:

e During recovery, the patient was accidentally in
prolonged close contact with a misdiagnosed COVID-19
patient

e Subseque