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Key messages

This memo is an update of an earlier version, and the findings are based on rapid
searches in PubMed, EMBASE, and supplementary searches for pre-prints. One re-
searcher went through all search records, selected and summarised the findings. In the
current situation, there is an urgent need for identifying the most important evidence
quickly. Hence, we opted for this rapid approach despite an inherent risk of overlook-
ing key evidence or making misguided judgements.

We identified 20 new original papers from the database search and by manual search-
ing of reference lists that were relevant to our research questions. This rapid review
now includes 36 studies. Half of the included studies were pre-prints that had not been
through peer review, and many studies had very small sample sizes.

Does primary infection with SARS CoV-2 result in immunity, and if so, how long does the
immunity last?

We found limited evidence on immunity after infection with SARS-CoV-2. One study on
rhesus macaque monkeys suggests that primary infection with SARS-CoV-2 may pro-
tect against reinfection. The study was small and did not provide any information on
the duration of immunity. Two studies showed sustainable IgG levels one to two years
after SARS-Cove infection, but whether this finding is generalizable to SARS-CoV-2 has
still to be determined, also whether sustained levels of antibodies provide full or partial
protection against reinfection.

Is there cross-protection from SARS-CoV-2 infection after infection with seasonal corona
viruses (sCoVs)?
There is no direct evidence for cross-protection from SARS-CoV-2 infection after infec-
tion with sCoVs.

How long does it take to develop SARS-CoV-2 specific antibodies, and what is the propor-
tion of patients presenting seroconversion?

Seroconversion rate and timing varied across studies and between IgM and IgG anti-
bodies. Results from some of the studies suggest a median seroconversion timing
around 10-14 days after disease onset, while some studies suggest a longer time (28 to
30 days or longer) for all patients to seroconvert. We believe that much of this variation
is due to differences in the test sensitivity, but may also be due to differences in the im-
mune response between different patient groups.
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Does the rate of seroconversion and/or the timing depend on the severity of SARS-CoV-2
infection?

The results for this question was mixed. While some studies reported no relationship
between seroconversion and severity of COVID-19 disease, evidence from other studies
suggest that a more rapid and higher antibody response may be related to the severity
of disease. Also, seroconversion may not be a prerequisite for virus clearance, since
asymptomatic patients, and people with undetectable levels of antibodies still manage
to clear the virus.

Can antibodies be transmitted from women infected with SARS-CoV-2 to the foetus via
placenta and thus confer immunity in the infant?

Results from two small studies (including in total 7 neonates) suggest that antibodies
from SARS-CoV-2 infected women may be transmitted to the foetus during pregnancy,
but the evidence is uncertain.

3 Key messages



Hovedfunn (Norwegian)

Dette notatet er en oppdatering av en tidligere versjon, og baserer seg pa raske sgk i
PubMed, EMBASE og to pre-print databaser. En forsker gikk gjennom sgketreff, valgte
ut og oppsummerte resultatene. Ettersom det har veert viktig a fa fram forskningsresul-
tatene raskt, valgte vi denne framgangsmaten selv om det innebaerer risiko for at vi kan
ha oversett viktig dokumentasjon og kan ha gjort feilvurderinger underveis.

Etter sgk i databaser og manuelle sgk i referanselister identifiserte vi 20 nye original-
publikasjoner som vi ansa at var relevante for vare forskningsspgrsmal. Etter
oppdatering inkluderer denne hurtigoversikten 35 studier. Halvparten av de inkluderte
studiene var pre-prints som ikke har veert gjennom peer-review, og mange studier
hadde veldig fa deltakere.

Gir forstegangssmitte av SARS-CoV-2 immunitet, og hvor lenge varer denne immuniteten?
Vi fant begrenset dokumentasjon om immunitet etter infeksjon med SARS-CoV-2. En
studie pa rhesusaper kan tyde pa at fgrstegangsinfeksjon med SARS-CoV-2 kan
beskytte mot reinfeksjon, men studien var liten og ga ingen informasjon om varigheten
av en eventuell immunitet. To studier viste vedvarende hgye IgG-nivaer ett til to ar
etter infeksjon med SARS-CoV. Det er usikkert om disse resultatene fra SARS-CoV kan
overfgres til SARS-CoV-2, og om hgye nivaer av antistoffer gir full eller delvis
beskyttelse mot reinfeksjon.

Kan infeksjon med andre koronavirus (sCoV) beskytte mot SARS-CoV-2 infeksjon?
Det foreligger forelgpig ingen dokumentasjon for at infeksjon med sCoV kan gi kryssbe-
skyttelse mot SARS-CoV-2 infeksjon.

Hvor raskt utvikler man SARS-CoV-2-spesifikke antistoffer, og hvor stor andel av pasien-
tene gjennomgdr serokonversjon?

Serokonversjonsrate og -tid varierte mellom studiene og mellom IgM og IgG. Mange av
de inkluderte studiene antyder at median tid for serokonversjon er omkring 10-14 da-
ger etter sykdomsdebut, men noen studier antyder lenger serokonversjonstid (28 til 30
dager eller lenger). Vi antar at den observerte variasjonen i serokonversjonstid i stor
grad skyldes varierende testsensitivitet, og kan ogsa skyldes forskjeller i immunre-

sponsen hos ulike pasientgrupper.
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Er det en sammenheng mellom serokonversjonrate eller- tid og infeksjonens
alvorlighetsgrad?

De inkluderte studiene rapporterte varierende resultater. Noen studier rapporterte at
de ikke fant noen sammenheng mellom serokonversjon og alvorlighetsgraden av covid-
19, mens andre studier knyttet alvorlig sykdom til raskere og kraftigere
antistoffrespons. Serokonversjon ser ikke ut til 4 veere en forutsetning for
virusklarering, ettersom asymptomatiske pasienter og personer med svert lave
antistoffnivaer ogsa blir virusfrie.

Kan mgdre som smittes med SARS-CoV-2 overfare antistoffer til fosteret via morkake og
dermed gi immunitet hos nyfadte?

To sma studier som inkluderte 7 spedbarn tyder pa at gravide med SARS-CoV-2
infeksjon kan overfgre antistoffer til fosteret, men dokumentasjonen er usikker.
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Introduction

In relation to the Norwegian Institute of Public Health’s role in handling the COVID-19
epidemic, we have been asked to update a previously published rapid summary of the

available research on immunity after SARS-CoV-2 infection.

The novel coronavirus SARS-CoV-2 that causes the disease COVID -19, bears the trans-
membrane glycoprotein spikes (S protein), which are typical for this type of viruses.
The spikes are important targets for the human immune response, and in particular the
receptor-binding domain (RBD) of the S protein (1).The spikes enables the virus to en-
ter the host cells through the human receptor angiotensin converting enzyme 2 (ACE2).
Individuals who are infected with SARS-CoV-2 typically start producing virus specific
antibodies (IgM, IgG, and IgA) that cover the spikes and neutralises the virus (1).This
process may be associated with some level of immunity and protection against reinfec-
tion, for some period of time (2). Both cellular and humoral (adaptive) immunity are
important in the immunological response to viral infections. This rapid review how-
ever, focuses on antibody-mediated immunity and seroconversion. Seroconversion is
the transition from a seronegative condition; where no antibodies are in the serum, or
they are present but below the limit of detection, to a seropositive condition, in which
antibodies can be detected in serum samples.

Detection of SARS-CoV-2 specific IgM, IgG, and IgA antibodies has recently been made
possible through the development of new test s e.g. ELISA kits (2), thus allowing the
study of seroconversion rate and seroconversion timing in patients with COVID-19.



Methods

The main objective of this rapid review update was to summarise current evidence
concerning immunity after SARS-CoV-2 infection. More specifically we wanted to ad-
dress the following research questions:
Main question: Does one become immune after infection with SARS-CoV-2?
e If so how long does the immunity last?
o Is there cross-protection against SARS-CoV-2 infection after infection with other
coronaviruses?
¢ How long after symptom onset do people (adults and children) with COVID-19 de-
velop SARS-CoV-2 specific antibodies (seroconversion timing)?
e What is the proportion of people (adults, and children) that develop these anti-
bodies (seroconversion rate)?
o [s the severity of COVID-19 disease associated with seroconversion rate and/or
timing?
e Can women infected with SARS-CoV-2 transmit antibodies to the foetus via pla-
centa and thus confer immunity in the newborn?

We searched in PubMed, EMBASE, using the search strategy in Appendix 1. Searches
were limited to the period from December 2019 to 23 April 2020, as SARS-CoV-2 was
first identified in December 2019 (3). We also searched for pre-prints (bioRxiv,
chemRxiv and medRxiv) using words / word stems such as immun; seropos; seroconv;
IgG; cross-protect; reinfect (see line 4 in the Ovid search strategy) from within the End-
Note-database containing all the references for Norwegian Institute of Public Health’s
systematic and living map on COVID-19 evidence, to which a reference file is daily
downloaded from Stephen B. Thacker CDC Library’s collection of COVID-19 research
articles (CDC, Centres for Disease Control and Prevention). The search methods used by
the CDC are detailed on their website.

We selected studies focusing on (i) immunity after SARS-CoV-2 infection; (ii) cross-pro-
tection against SARS CoV-2 infection after infection with other coronaviruses (iii) sero-
conversion timing after symptom onset (iv) seroconversion rate after SARS-CoV-2 in-
fection, (v) severity of disease and seroconversion and (vi) transmission of antibodies
from infected mothers to the foetus during pregnancy. We excluded studies that in-
cluded both patients with confirmed and non-confirmed COVID-19 that did not report
results for confirmed cases separately. We also excluded letters to the editor. This rapid


https://www.cdc.gov/library/researchguides/2019novelcoronavirus/researcharticles.html
https://www.cdc.gov/library/researchguides/2019novelcoronavirus/researcharticles.html

review does not include a formal quality assessment of included papers, nor does it in-
clude a grading of the certainty of evidence. The results should therefore be interpreted
with caution.

One researcher (Gerd Flodgren) assessed the relevance of each reference and summa-
rized the findings. Four other researchers (Lene Juvet, Kjetil Brurberg, Lisbeth Meyer
Neess, and Siri Laura Feruglio, Norwegian Institute of Public Health) read and provided
feedback on the review before publication. Kjetil Brurberg wrote the Norwegian sum-
mary. Elisabet Hafstad (Information Specialist) prepared the literature searches.



Results

The update-search resulted in 391 unique records, and we ended up including 20 new
primary studies, which together with the 16 previously included studies made a total of
36 included studies. A majority of included studies were conducted in China, two stud-
ies were conducted in Germany, two in the UK, and one in Finland, France, Italy, Tai-
wan, Australia and Peru respectively. Five of the latter were case-studies. Around half
of the included studies were published or accepted for publication in peer reviewed
journals, and the others were unpublished pre-prints.

Summary of included studies

The majority of included studies had a retrospective study design. Twenty-nine studies
reported on seroconversion rate and/or seroconversion timing after SARS-CoV-2 infec-
tion. See Appendix 1 and 2. Ten of these studies also reported on associations between
seroconversion rate or timing, antibody titres, age and severity of COVID-19 (4-13).
One retrospective study, and two case studies reported on transmission of antibodies
from SARS-CoV-2 infected women to the foetus during pregnancy (14-16). See Appen-
dix 3. One prospective study of rhesus macaque monkeys reported on protection
against reinfection after primary SARS-CoV-2 infection in animal model (17). One retro-
spective study reported on long-term co-existence of SARS-CoV-2 and SARS-CoV-2 spe-
cific antibodies (18). Two cohort studies evaluated the antibody levels after SARS-CoV
infection, a virus with similarities to SARS-CoV-2 (19, 20). One study reported on the
possibility of cross-protection from SARS-CoV-2 infection after infection with other
coronaviruses (21).

Characteristics of included studies

Studies of immunity after SARS-CoV-2 infection

One relevant but unpublished study (pre-print) used an animal model including four
adult rhesus macaque monkeys to investigate whether primary SARS-CoV-2 infection
could have a protective effect against reinfection (17). We also found two studies that
evaluated antibody levels after SARS-CoV infection (19, 20). One study by Guo et al. of
healthcare workers (n=34) previously infected with SARS-CoV who’s antibody levels
were followed up for 13 years after the primary infection (19). A second study by Wu et
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al including 173 patients, who’s antibody levels were followed up for three years after
SARS-CoV infection (20). Even if these two latter studies do not study SARS-CoV-2 per
se, we judged that they might be of interest since SARS-CoV and SARS-CoV-2 have many
similarities (1), and both viruses use the ACE2 receptor to enter the cell (22).

One study (18) assessed co-existence of SARS-CoV-2 virus and SARS-CoV-2 specific an-
tibodies in patients with mild COVID-19, following up patients for up to 53 days after
disease onset. The study authors did not mention the role of T cells, MHC, etc., and did
not attempt to cultivate the virus, which would have provided more information on
whether the virus was actually co-existing with the antibodies, or was inactivated.

One Scottish epidemiological study (21) evaluated the possibility of co-infection of dif-
ferent seasonal coronaviruses (sCoVs), The study included diagnostic data for more
than 70,000 episodes of respiratory illness that had been tested for a number of sea-
sonal coronaviruses (data from 2017) against SARS-CoV-2, but did not include any
data on SARS-CoV-2.

Studies of seroconversion rate and timing in SARS-CoV-2 infection

Twenty-six studies and 3 case studies that are descried below assessed the seroconver-
sion timing and/or seroconversion rate in patients with SARS-CoV-2 infection (See Ap-
pendix 1 and 2). The median sample size in included studies was 37(range: 2 to 285;
N= 1,897 patients in total). Median age of included patients with confirmed COVID-19
disease was 55 years across studies (range: 36 to 66 years), but not all studies reported
the age of patients. Children below the age of 18 (4-16 years) were included in four
studies (9, 11, 12, 23). Seven studies did not report the severity of disease of included
patients (8, 11, 24-28). The remaining studies typically reported a mix of mild to severe
or critical cases. One study included only severe or critical cases (29), and three studies
included only mild cases (12, 30, 31). One study included a small number of asympto-
matic carriers (32). One study(4) used the WHO categorisation of severity of COVID-19
disease (33) to describe their study population (33),while other studies used other def-
initions/guidelines (6, 10, 11, 13, 32, 34-36). Three studies reported the proportion of
patients with comorbidities which ranged from 37.3% to 46.5 % (8, 10, 35). Infection
with SARS CoV-2 was in all studies confirmed with RT-PCR.

The number of serum samples analysed ranged from 29 to 535 across studies. A large
number of different serological test were used to detect SARS CoV-2 specific antibodies
in serum e.g. EIA, CLIA, ELISA, GICA, proteomic microarrays, SARS-CoV-2 antibody de-
tection kit, ICG strip assay, ICA rapid test etc. See Appendix 1 and 2 for details.

Three case studies (37-39) also evaluated seroconversion timing in patients with SARS-
CoV-2 infection. The three cases were all female, between 30 and 47 years old, and pre-
senting with mild to moderate symptoms. The number of analysed samples ranged
from 4 to 7 across studies, and three different serological tests were used for the anal-

yses. See Appendix 3.
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Studies of relationship between seroconversion, antibody titres, age and severity
of disease

Ten of the 29 studies described above (median sample size 88; range 2 to 285; N=1,104
patient in total) evaluated the relationship between seroconversion rate, timing, anti-
body titres and severity of disease (4, 5, 7, 8, 10-13, 40). Median age of included pa-
tients with COVID-19 ranged from 47 to 66 years across these studies. Infection with
SARS CoV-2 was in all studies confirmed with RT-PCR. Antibodies (IgM, IgG, and in
some cases also IgA) in serum were assessed using a number of different serological
tests (See Appendix 2). A majority of patients were hospitalised at the time of sampling,
while a couple of studies included convalescents (11), or recovered patients (12). Fol-
low up of antibody kinetics ranged across studies from around 14 days and up to 53
days after disease. See Appendix 2 for details.

Studies of antibody transmission during pregnancy and SARS-CoV-2 infection
Three studies, including in total eight neonates, assessed transmission of antibodies
from women with confirmed COVID-19 to the foetus during pregnancy (14-16). One
short communication of a case study was from Peru (14), and two research letters (de-
scribing a case study and retrospective study) were from China (15, 16). Infants were
delivered by C-section in all studies. The women with COVID-19 wore protective masks
in two studies (15, 16), and in one study also the personnel wore masks (16)). In one
study it was unclear if any protective equipment were worn during delivery (14). All
eight infants were isolated directly after delivery, without skin-to-skin contact. Anti-
bodies (IgM and IgG) in serum of women and infants were assessed post-partum with a
CLIA kit in one study (16), a solid-phase Immunochromatographic assay was used in
one study (15), and in one study it was unclear what test had been used for detection of
antibodies (14). All infants were tested for SARS-CoV-2 with RT-PCR: In one study the
infant was tested twice (16 hours after delivery and again after 48 hours) (14), in one
study the test was repeated five times (from 2 hours after birth and up to 16 days after)
(15). In one study only one test was performed (16). All tests were based on nasopha-
ryngeal swabs. None of the studies assessed the presence of SARS-CoV-2 specific anti-
bodies (or the virus) in amniotic fluid, cord blood, placental tissue or breast milk. Fol-
low up ranged from 1 to 16 days after delivery. See Appendix 3.
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Results

Protection against infection or reinfection with SARS-CoV-2

Bao and colleagues ‘s study of rhesus macaque monkeys (N=4) suggests a protective ef-
fect of primary infection against reinfection with SARS-CoV-2 (17). The study only in-
cluded four monkeys, and since there was no time gap between the time-point of recov-
ery from the primary infection and the point in time when the monkeys were re-chal-
lenged with the virus, this study provide no insight into the duration of the potential

immunity.

Guo et al. reported sustained IgG levels in healthcare workers (N=34) one year after
SARS-CoV infection, and persisting levels up to 13 years after infection (19). Wu and
colleagues reported that IgG levels after SARS-CoV infection may be maintained in peo-
ple previously infected (N=176) for up to two years after infection, but that during the
third year IgG levels are seen to decrease (20).

Cross-protection from SARS CoV-infection from previous infection with seasonal
coronaviruses
We found no direct evidence for cross-protection from SARS-CoV-2 infection from pre-

vious infection with other coronaviruses.

Long-term coexistence of SARS-CoV-2 virus and SARS-CoV-2 specific antibodies
One retrospective study (18) of (N=26) patients with mild COVID-19, aged 5 to 72
years, reported co-existence of SARS-CoV-2 virus and IgG antibodies, in four cases for
between 26-50 days after disease onset. One patient did not develop any SARS-CoV-2
specific antibodies but cleared the virus within 46 days. The authors did not attempt to
cultivate the virus to assess its viability.

Seroconversion rate after SARS-CoV-2 infection

Seroconversion rate varied across studies, antibodies, and stage of Covid-19 disease. In
eight studies (8, 12, 24-26, 28, 40-42) that reported seroconversion rate for [gM and
IgG at different stages of the disease the rate ranged between 10.3%-60% and 3.6%-
53% at the early stage (d 1- 7 after symptom onset), between 53.8%-86.7% and 57.1%-
100 % at intermediate stage (d 8-14), and between 52.2%-96.7% and 91.3-100% at
late stage (>14 d) for IgM and IgG respectively. For six studies that reported overall se-
roconversion rate) it ranged from 50% to 100% for IgM, and from 64.7% to 100% for
IgG (9-11, 27, 36, 43). Higher seroconversion rate was reported for IgG in all studies.

One study (12) reported that 30% of 175 recovered patients had very low Neutralising
antibody (Nab) titres of which most of them were younger people, and that 10 patients
had antibody levels below the detection limit. For details on the seroconversion rate in
individual studies see Appendix 1 and Appendix 2.
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Seroconversion timing after SARS-CoV-2 infection

Seroconversion timing for I[gM and IgG varied across studies and antibody class. Pro-
duction of virus specific antibodies were detected at an early stage after symptom on-
set in some cases (around d 5), in other cases at the intermediate (many studies sug-
gest seroconversion around d12-14 for IgG) or late stage (see below) and in some pa-
tients not at all. In three studies the seroconversion was reported to be induced earlier
for IgM than for IgG (11, 36, 41), while results from three other studies suggest earlier
timing for IgG than for IgM (10, 39, 42). One study reported different dynamics be-
tween IgM and IgG response for different groups of patients: earlier IgM response in
some patients, earlier IgG response in some, and similar I[gM and IgG response in some
patients (9).

Two studies reported median seroconversion timing ranging from 10-12 days for IgM
and from 12 to 14 days for IgG (36, 41). One study reported median seroconversion
timing for IgM at day 14, and for IgG at day 21 (13). One study (8) reported 100% sero-
conversion for IgA and IgM between 11 and 15 days after disease onset, and between
16 and 20 days for IgG. Late peak seroconversion rate for IgM and IgG was reported in
three studies: in one study at between 31-35 days after disease onset for IgM, and af-
ter>35 days for IgG (40)., and in another study at day 28 after disease onset for IgM
and day 49 for IgG (9) . In one study (11) seroconversion of neutralising antibodies was
reported within 20 days after disease onset in all patients, and sustained levels until
day 41-53. The levels were further highest at 31-43 days after disease onset, and de-
creased slightly thereafter. In the three case studies seroconversion timing for IgM was
9 days after symptom onset in two studies (37, 39), and between 7 to 9 days for IgG in
three studies (37-39). For details on the seroconversion timing see Appendix 1 and Ap-
pendix 2.

Seroconversion, antibody titres, age and severity of disease

Three studies (N=40, 133 and 23 cases respectively) reported no relationships be-
tween severity of disease and IgM and IgG antibody titres, or seroconversion rate (4,
10, 40). One of these studies (N=23) however, reported some evidence for a faster peak
in antibody response in people with COVID-19 disease who later died, than in patients
who recovered (10).

Higher antibody titres in patients with a more severe clinical condition than for pa-
tients with milder COVID-19 disease (N=67, 70 and 643 respectively) was reported in
three studies (9, 11, 34), but in one of these studies (34), titres were only significantly
higher for IgG and only at 2 weeks after disease onset. One study (11) reported that
high IgM levels at early stage of disease, and high IgG levels at later stage were more
frequent in patients with severe disease. Also Zhang and colleagues (N=222) reported
that high IgG levels at late stage (> 14 d) were more frequent in patients with severe
disease (44).
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Tan et al further reported that IgG titres in addition to being higher in patients with se-
vere disease appeared earlier (high responders), and that weak responders (with lower
IgG titres) have significantly higher virus clearance rate, than high responders (9). Ac-
cording to Tan and colleagues 52% of patients were non-responders for IgM and 17%
for IgG (i.e. antibody titres were below detectable levels).

One case series study (5), including only two patients, reported a strong IgA response
soon after disease onset in a mild COVID-19 case, and a delayed but eventually very
strong and broad IgA response in a more severe case. One study (8), including N=87
patients, reported a correlation between serum IgA level and severity of disease.

Neutralising antibody (NAbs) titres and spike-binding antibodies, age, and sever-
ity of disease

Results from one study (12) which included 175 patients recovered from COVID-19
disease suggest that SARS CoV-2 specific neutralising antibodies (NAbs) and spike-
binding antibodies develops day 10-15 after infection. Further, that NAb-titres and
spike binding antibodies were significantly higher in middle-aged and elderly people,
than in younger people. Thirty percent of the patients who recovered from mild COVID-
19 disease had very low NAb titres (mostly younger patients 15-39 years of age), and in
10 of these patients the NAb titres were below detectable level. Results from a second
study (11) also showed higher antibody titres in middle-aged and older patients, than
in younger patients (16-30yrs), and higher titres in patients with a severe clinical clas-
sification.

Antibody transmission during pregnancy

Results of increased postpartum levels of SARS-CoV-2 antibodies in sera in all infants
(and their mothers} in two of the included studies (N=6 and 1 infants, respectively)
suggest transmission of antibodies from SARS-CoV-2 infected mothers, with mostly
mild COVID-19, to the foetus during pregnancy (15, 16). None of the infants in these
two studies tested positive for SARS-CoV-2. In the third study both the woman, who
had severe COVID-19 disease, and the infant were seronegative post-partum, and the
infant tested positive for SARS-CoV-2(14).

Discussion and conclusion

We included 36 original studies in this rapid review update of research related to im-
munity after SARS-CoV-2 infection. A majority of studies were conducted in China, and
two studies were from Germany, two from the UK, and one study from France, Finland,
Switzerland, Taiwan, Australia and Peru. Five of the latter were case-studies. A majority
of the studies were retrospective, and had small sample sizes (median 37 patients).
Half of these studies were published or accepted for publication in international peer
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reviewed journals, while the others were unpublished pre-prints that had not been

subjected to peer review.

Immunity and protection against reinfection

We did not identify any human studies that could help answering whether people once
infected with SARS-CoV-2, will be fully or partially protected from future re-infection
by the same virus, and if so for how long. Results from a study on rhesus macaque mon-
keys provide some evidence for protection against reinfection after primary infection,
but the study was small and did not provide any insights into the potential duration of
immunity. Results from two studies of antibody levels after infection with SARS-CoV, a
similar corona virus, suggest that sustained levels of IgG may last for up to 1-2 years af-
ter infection (19, 20). However, due to the recent identification of the SARS-CoV-2 vi-
rus, there are no studies available that can confirm or refute whether this is the case
also for SARS-CoV-2. Even if it is likely that sustained levels of antibodies are related to
some level of protection against reinfection, we do not at present know if they provide
full protection against reinfection by the same virus or may result in attenuated infec-

tion at future exposure to the virus.

[t should be noted that co-existence of SARS-CoV-2 virus and SARS-CoV-2 specific anti-
bodies was reported in one study(18), and that one patient who did not seroconvert,
still managed to clear the virus. However, this study must be considered methodologi-
cally weak, since the authors did not take into account other factors of importance for
the immunological response, and the results were not verified by cultivating the virus
to assess its viability.

In another study(12), 30% of patients, mostly younger people, had antibody titres un-
der detection level, and 10 patients did not show seroconversion, but they still recov-
ered. Thus, seroconversion may not be a prerequisite for virus clearance, and recovery
from the disease. What implications lack of seroconversion has for possible future pro-
tection against re-infection is not known. Also, both cellular and humoral (adaptive)
immunity play important roles in the immunological response to viral infections, more
research is needed on their respective roles in regard to immunity after COVID-19 dis-

ease.

Production of disease specific antibodies- seroconversion rate and timing

After infection IgM antibodies appear first and thereafter IgG (2). IgM levels are higher
at early stages of disease and then decreases over time, while IgG levels increases dur-
ing the intermediate and later stage after symptom onset (2). In regard to this the re-
sults from this rapid review were mixed, with some studies reporting earlier serocon-
version for IgM, others for IgG, or similar seroconversion time for both antibodies. This
discrepancy, may be due to different sensitivity of the tests to different antibodies, but
possibly also to real variation in immune responses between patients. One study re-
ported differences in detection rate of antibodies across three tests (CLIA, GICA and
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ELISA), with GICA exhibiting higher positive rate in serum IgM detection, while ELISA
had comparatively higher rates in serum IgG detection (24). Difference in the propor-
tion of seropositive patients also differed across studies and antibodies. We believe that
the seroconversion rate will be higher and more coherent with more studies using vali-
dated tests, better study designs, longer follow up and larger sample sizes being con-
ducted.

Severity of disease, age and seroconversion

Ten studies assessed whether seroconversion, antibody titres, or age were associated
with severity of disease in patients with COVID-19 disease (See Appendix 2). Results
were mixed with results from three studies (N= 40, 133 and 23 cases respectively) sug-
gesting no relationship between seroconversion and severity of disease (4, 10, 40),
while results from five other studies (N=63, 87, 67, 70, and 222 patients respectively)
suggest a relationship between higher antibody titres and/or a more rapid antibody re-
sponse, and/or high levels of antibodies in serum at late stage of disease, and severity
of COVID-19 (8-11, 34, 44). One study (N=175 patients) included, reported that 30 per-
cent of recovered patients with mild COVID-19 disease had very low neutralising anti-
body titres, and 10 of these, mostly younger patients, had titres that were below detec-
tion level i.e. did not show seroconversion (12).There are also indications that higher
antibody titres, in so called high-responders, are associated with poorer virus clearance
and more severe disease. Not all of the included studies however provided a definition
of how patients were classified in terms of severity of disease in their study sample.

Transmission of SARS-CoV-2 specific antibodies during pregnancy

Only two very small studies (including 7 cases in total) supports transmission of pro-
tective antibodies from women with mostly mild SARS-CoV-2 infection to the foetus
during pregnancy. All infants, and their mothers, had increased levels of antibodies
post-partum. None of the new-borns tested positive for SARS-CoV-2 (15, 16). A third
study, which included only one woman with severe COVID-19 disease and her off-
spring, reported that both mother and infant were seronegative post-partum, which,
since the infant tested positive for SARS CoV-2 provides some support for a vertical
transmission of the infection (14). Limitations of these studies were in addition to the
small sample sizes, that the SARS-CoV-2 infection was not confirmed in amniotic fluid,
cord blood, or in placental tissue, the serological test for detection of antibodies was
not known in one study, and the infants were not followed up later than 5 days after
birth in two of the studies, why we do not know whether they, after an incubation pe-
riod, eventually became infected.

Two related, but not included studies are of interest regarding the possibility of protec-
tion against SARSCoV-2 infection during pregnancy. One retrospective study including
women with non-severe COVID-19 disease (N=9) reported that all new-borns who
were tested (6 of 9) tested negative for SARS-CoV-2 in all analyses (i.e. of throat swabs,
amniotic fluid, cord blood, and breast milk) (45). Another retrospective study of (N=28)
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women with mild to severe COVID-19 disease, reported that 3.6% (1/28) of the infants
tested positive for SARS-CoV-2 after birth (46). In this study cord and placental samples
were negative for SARS-CoV-2, which may indicate that this was not a vertically trans-
mitted infection, and possibly a false positive. The infant’s symptoms (ARDs) were re-
solved in 2 days’ time. Neither of these studies however assessed the antibody levels of
the infants, and we cannot therefore say whether the infants (or their mothers) had se-
roconverted, nor do we know if this potentially was what protected the infants from in-
fection. In addition, due to lack of follow up, we cannot tell whether the infants devel-
oped symptoms at a later time.

In conclusion, we included 36 relatively small studies in this update (median 37 pa-
tients). A majority of the studies were from China, and had a retrospective study design.
Approximately half of the studies were pre-prints, and thus had not been subjected to
peer-review. It is still early days of this new disease, and answering the question re-
garding immunity after primary SARS-CoV-2 infection must await well-conducted stud-
ies with larger sample sizes, using validated methods, and longer follow up. A large
number of antibody tests have been made available after the SARS-CoV-2 outbreak in
China in December 19, but many of these need further validation.

18



References

1. LiG,FanY, LaiY, Han T, Li Z, Zhou P, et al. Coronavirus infections and
immune responses. J Med Virol. 2020;92(4):424-32.

2. Amanat F, Nguyen T, Chromikova V, Strohmeier S, Stadlbauer D, Javier A, et
al. A serological assay to detect SARS-CoV-2 seroconversion in humans.
2020:2020.03.17.20037713.

3. WuF, Zhao S, Yu B, Chen Y-M, Wang W, Song Z-G, et al. A new coronavirus
associated with human respiratory disease in China. Nature. 2020;579(7798):265-9.
4. Adams ER, Anand R, Andersson MI, Auckland K, Baillie JK, Barnes E, et al.
Evaluation of antibody testing for SARS-Cov-2 using ELISA and lateral flow
immunoassays, mostly about compating tests. medRxiv.
2020:2020.04.15.20066407.

5. Dahlke C, Heidepriem J, Kobbe R, Santer R, Koch T, Fathi A, et al. Distinct
early IgA profile may determine severity of COVID-19 symptoms: an immunological
case series. medRxiv. 2020:2020.04.14.20059733.

6. LiuR, Liu X, Han H, Shereen MA, Niu Z, Li D, et al. The comparative
superiority of IgM-IgG antibody test to real-time reverse transcriptase PCR
detection for SARS-CoV-2 infection diagnosis. 2020:2020.03.28.20045765.

7. Long Q-x, Deng H-j, Chen J, Hu J, Liu B-z, Liao P, et al. Antibody responses to
SARS-CoV-2 in COVID-19 patients: the perspective application of serological tests in
clinical practice. medRxiv. 2020:2020.03.18.20038018.

8. MaH, Zeng W, He H, Zhao D, Yang Y, Jiang D, et al. COVID-19 diagnosis and
study of serum SARS-CoV-2 specific IgA, IgM and IgG by a quantitative and
sensitive immunoassay. medRxiv. 2020:2020.04.17.20064907.

9. TanW, LuY, Zhang J, Wang J, Dan Y, Tan Z, et al. Viral Kinetics and Antibody
Responses in Patients with COVID-19. medRxiv. 2020:2020.03.24.20042382.

10. To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, et al. Temporal
profiles of viral load in posterior oropharyngeal saliva samples and serum antibody
responses during infection by SARS-CoV-2: an observational cohort study. The
Lancet Infectious Diseases. 2020;23:23.

11. Wang X, Guo X, Xin Q, Chu Y, Li J, Pan 'Y, et al. Neutralizing Antibodies
Responses to SARS-CoV-2 in COVID-19 Inpatients and Convalescent Patients.
medRxiv. 2020:2020.04.15.20065623.

12. Wu F, Wang A, Liu M, Wang Q, Chen J, Xia S, et al. Neutralizing antibody
responses to SARS-CoV-2 in a COVID-19 recovered patient cohort and their
implications. medRxiv. 2020:2020.03.30.20047365.

13. ZhangJ, LiuJ, LiN, LiuY, Ye R, Qin X, et al. Serological detection of 2019-
nCoV respond to the epidemic: A useful complement to nucleic acid testing.
medRxiv. 2020:2020.03.04.20030916.

14. Alzamora MC, Paredes T, Caceres D, Webb CM, Valdez LM, La Rosa M. Severe
COVID-19 during Pregnancy and Possible Vertical Transmission. Am J Perinatol.
2020;18:18.

15. Dong L, Tian J, He S, Zhu C, Wang J, Liu C, et al. Possible Vertical
Transmission of SARS-CoV-2 From an Infected Mother to Her Newborn. JAMA.
2020.

19



16. Zeng H, Xu C, Fan J, Tang Y, Deng Q, Zhang W, et al. Antibodies in Infants
Born to Mothers With COVID-19 Pneumonia. JAMA. 2020;26:26.

17. Bao L, Deng W, Gao H, Xiao C, Liu J, Xue J, et al. Reinfection could not occur
in SARS-CoV-2 infected rhesus macaques. 2020:2020.03.13.990226.

18. Wang B, Wang L, Kong X, Geng J, Xiao D, Ma C, et al. Long-term Co-existence
of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) with Antibody
Response in Non-severe Coronavirus Disease 2019 (COVID-19) Patients. medRxiv.
2020:2020.04.13.20040980.

19. Guo X, Guo Z, Duan C, chen Z, Wang G, Lu Y, et al. Long-Term Persistence of
IgG Antibodies in SARS-CoV Infected Healthcare Workers.
2020:2020.02.12.20021386.

20. Wu L-P, Wang N-C, Chang Y-H, Tian X-Y, Na D-Y, Zhang L-Y, et al. Duration
of antibody responses after severe acute respiratory syndrome. Emerg Infect Dis.
2007;13(10):1562-4.

21. Nickbakhsh S, Ho A, Marques DFP, McMenamin J, Gunson RN, Murcia PR.
Epidemiology of seasonal coronaviruses: Establishing the context for COVID-19
emergence. J Infect Dis. 2020;15:15.

22. Prompetchara E, Ketloy C, Palaga T. Immune responses in COVID-19 and
potential vaccines: Lessons learned from SARS and MERS epidemic. Asian Pac J
Allergy Immunol. 2020;38(1):1-9.

23. Gao HX, Li YN, Xu ZG, Wang YL, Wang HB, Cao JF, et al. Detection of serum
immunoglobulin M and immunoglobulin G antibodies in 2019-novel coronavirus
infected cases from different stages. Chin Med J. 2020;26:26.

24. Gao H-X, Li Y-N, Xu Z-G, Wang Y-L, Wang H-B, Cao J-F, et al. Detection of
serum immunoglobulin M and immunoglobulin G antibodies in 2019-novel
coronavirus infected cases from different stages. 9000;Publish Ahead of Print.

25. Xiao DAT, Gao DC, Zhang DS. Profile of Specific Antibodies to SARS-CoV-2:
The First Report. J Infect. 2020;21:21.

26. Pan, Li X, Yang G, Fan J, Tang Y, Zhao J, et al. Serological
immunochromatographic approach in diagnosis with SARS-CoV-2 infected COVID-
19 patients. 2020:2020.03.13.20035428.

27. Jiang H-w, Li Y, Zhang H-n, Wang W, Men D, Yang X, et al. Global profiling of
SARS-CoV-2 specific IgG/ IgM responses of convalescents using a proteome
microarray. 2020:2020.03.20.20039495.

28. Padoan A, Cosma C, Sciacovelli L, Faggian D, Plebani M. Analytical
performances of a chemiluminescence immunoassay for SARS-CoV-2 IgM/IgG and
antibody kinetics. Clin Chem Lab Med. 2020;16:16.

29. Grzelak L, Temmam S, Planchais C, Demeret C, Huon C, Guivel F, et al. SARS-
CoV-2 serological analysis of COVID-19 hospitalized patients, pauci-symptomatic
individuals and blood donors. 2020:2020.04.21.20068858.

30. Baettig SJ, Parini A, Cardona I, Morand GB. Case series of coronavirus (SARS-
CoV-2) in a military recruit school: clinical, sanitary and logistical implications. BMJ
Mil Health. 2020;16:16.

31. Wolfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Miiller MA, et al.
Virological assessment of hospitalized patients with COVID-2019. Nature. 2020.
32. Yongchen Z, Shen H, Wang X, Shi X, LiY, Yan J, et al. Different longitudinal
patterns of nucleic acid and serology testing results based on disease severity of
COVID-19 patients. Emerg. 2020:1-14.

33. WHO. Report of the WHO-China Joint Mission of Corona Virus Disease 2019
(COVID-19). 2020.

34. Long Q-X, Liu B-Z, Deng H-J, Wu G-C, Deng K, Chen Y-K, et al. Antibody
responses to SARS-CoV-2 in patients with COVID-19. Nat Med. 2020.

35. Xiang F, Wang X, He X, Peng Z, Yang B, Zhang J, et al. Antibody Detection and
Dynamic Characteristics in Patients with COVID-19. Clin Infect Dis. 2020;19:19.

20



36. Zhao J, Yuan Q, Wang H, Liu W, Liao X, Su 'Y, et al. Antibody responses to
SARS-CoV-2 in patients of novel coronavirus disease 2019. Clin Infect Dis.
2020;28:28. .

37. Haveri A, Smura T, Kuivanen S, Osterlund P, Hepojoki J, Ikonen N, et al.
Serological and molecular findings during SARS-CoV-2 infection: the first case study
in Finland, January to February 2020. 2020;25(11):2000266.

38. LeeNY, Li CW, Tsai HP, Chen PL, Syue LS, Li MC, et al. A case of COVID-19
and pneumonia returning from Macau in Taiwan: Clinical course and anti-SARS-
CoV-2 IgG dynamic. Journal of Microbiology, Immunology & Infection. 2020;10:10.
39. Thevarajan I, Nguyen THO, Koutsakos M, Druce J, Caly L, van de Sandt CE, et
al. Breadth of concomitant immune responses prior to patient recovery: a case
report of non-severe COVID-19. Nature Medicine. 2020.

40. LiuW, Liu L, Kou G, Zheng Y, Ding Y, Ni W, et al. Evaluation of Nucleocapsid
and Spike Protein-based ELISAs for detecting antibodies against SARS-CoV-2. J
Clin Microbiol. 2020;30:30.

41. LouB, LiT,ZhengS, SuY, LiZ, Liu W, et al. Serology characteristics of SARS-
CoV-2 infection since the exposure and post symptoms onset.
2020:2020.03.23.20041707.

42. YongG,YiY, Tuantuan L, Xiaowu W, Xiuyong L, Ang L, et al. Evaluation of the
auxiliary diagnostic value of antibody assays for the detection of novel coronavirus
(SARS-CoV-2). J Med Virol. 2020;22:22.

43. GaoY, YuanY, Li TT, Wang WX, Li YX, Li A, et al. Evaluation the auxiliary
diagnosis value of antibodies assays for detection of novel coronavirus (SARS-Cov-2)
causing an outbreak of pneumonia (COVID-19). 2020:2020.03.26.20042044.

44. Zhang B, Zhou X, Zhu C, Feng F, Qiu Y, Feng J, et al. Immune phenotyping
based on neutrophil-to-lymphocyte ratio and IgG predicts disease severity and
outcome for patients with COVID-19. medRxiv. 2020:2020.03.12.20035048.

45. Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, et al. Clinical characteristics
and intrauterine vertical transmission potential of COVID-19 infection in nine
pregnant women: a retrospective review of medical records. The Lancet.
2020;395(10226):809-15.

46. Nie R, Wang S-s, Yang Q, Fan C-f, Liu Y-1, He W-c, et al. Clinical features and
the maternal and neonatal outcomes of pregnant women with coronavirus disease
2019. 2020:2020.03.22.20041061.

21



appendices

Appendix 1

Search strategies
MEDLINE and Embase

2020-04-23 COVID-19 immunitet

Databases: Embase 1974 to 2020 April 22; Ovid MEDLINE(R) and Epub Ahead of Print, In-
Process & Other Non-Indexed Citations, Daily and Versions(R) 1946 to April 22, 2020
Seach interface: Advanced search
1  |(((corona virus* or coronavir* or coronovirus* or betacoronavirus*) adj3 (new (12898
or novel or "2019" or Wuhan or Huanan or Hubei)) or "COVID-19" or COVID19
or "SARS coronavirus 2" or "severe acute respiratory syndrome coronavirus 2"
or nCoV or 2019nCoV or nCoV2019 or "SARS-CoV-2" or "SARS-CoV2" or
SARSCoV2 or SARSCoV19 or SARS-CoV19 or SARS-CoV-19 or HCoV-19 or WN-
CoV).mp.
2 lexp *Immunity/ use ppezv 141597
3 lexp *Immunity/ use oemezd 494695
4 |(immunity or (immune adj (respons* or process*)) or (antibod* adj2 (for- 1845886
mation or production or response*)) or IgG or IgM or "immunoglobulin G" or
"immunoglobulin M" or seroconver* or sero-conver* or seropositiv* or sero-
positiv* or crossprotect® or cross-protect® or reinfect* or re-infect*).mp.
5 [land(2or3or4) 624
6  |("201948" or "201949" or 20195* or 2020*).em. use oemezd [Embase] 1261102
7  (201912* or 2020*).dt. use ppezv [MEDLINE] 527681
8 |Sand6 205
9 |Sand?7 176
10 [Bor9 381
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Appendix 2

Table 1 Seroconversion rate and timing (N=17)

Author Year No of patients  Severity of dis- Test for detec-  No of serum sam-  IgM IgG laA Publication type/
with confirmed  ease (asympto- tion of SARS-  ples and time- 9 Journal/lmpact
COVID 19: matic -mild -mod-  CoV 2 specific  points of sampling factor (IF)
age; gender erate-severe-criti-  antibodies
cal)
Baettig 2020 2 members of 2 mild cases Immunochro- One test each 14 The two confirmed cases were seropositive after 14 days, but - BMJ Health
Retrospective Swiss Armed matographpy days after the first none of the other 54 cases (even though 7 of 9 persons who
case series Forces; 54 rapid test person was diag- were put in quarantine together showed symptoms)
Switzerland close contacts nosed
Gao 2020 N=22 Not reported CLIA, ELISA, N=37* Seroconversion rate and tim- ~ Seroconversion rate and tim- Chinese Medical
] ) (most patientsre-  GICA ing: ing: 1-7 Journal/ IF: 1.053
Retrospective Median age: 40 ¢eived oxygen d1-7:n=10 1-7 d: 60% (6/10); d: 50% (5/10); 8- in 2014
China years (4-73) therapy and anti- d8-14:n=13 8-14 d: 53.8% (7/113); 14d: 76.9% (10/13);
F8 M4 viral medication) d14 -24:n=14 14-24 d::78.6% (11/14) 14-24:d:100% (14/14)
Grzelak 2020 N=51 hospital-  Severe to critical ELISA-N; N=161 (taken at dif-  Antibody prevalence was 61% (65-72%). Results from 5 pa- medRxiv
Retrospective ised patients cases ELISAtri_S; S-  ferent time points) tients with more than 5 available samples over time, suggest
France flow assay; that seroconversion developed between day 5 and day 14 af-
LIPS assay ter disease onset.
Jiang 2020 N=29 3 mild cases;and  Proteome mi- N=29 Seroconversion rate: 100% Seroconversion rate: 100% medRxiv
Cohort study Mean age: 42.3 26 ‘common’ croarrays
China (SD 13.8) cases Collected mean 22
F:16; M:13 days after onset
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Liu 2020 N=214 (100 No information Rn-based and N=214 Seroconversion rate and tim- ~ Seroconversion rate and tim- - Accepted manu-
controls) rs-based ELISA ing ing: script J Clin Mi-
Retrospective kits (only results 0-5d: 36.4% 0-5d: 40.9% crobiol
No other patient for rs-based kit 6-10d: 50% 6-10d:50%
China characteristics. is reported due 11-15d:83.3% 11-15d:75.9%
to the higher 16-20d: 96.4% 16-20d: 92.7%
sensitivity of the 21-30d: 87.5% 21-30d:84.4%
test) 31-35d:100% 31-35d:83.3%
>35d:86.7% >35d:100%
Lou 2020 N=80 cases 65 non-critical ELISA, LFIA, N=304 Seroconversion rate and tim-  Seroconversion rate and tim- medRxiv
and N=300 con- cases and 15 criti-  and CMIA as- Mean: 4 samples ing: ing:
Cohort study trols cal cases says per/patient 0-7d::33.3% 0-7d: 33.3%
China Median age: 55 8-14d::86.7% 8-14d: 76.0%
(45-64) 15-24d:96.7% 15-24d: 93.3%
F:37% Median seroconversion time:  Median seroconversion
10d time:12.d
Padoan 2020 N=37 No information Chemilumines- ~ N=87 residual se- Seroconversion rate and tim- ~ Seroconversion rate and tim- - Cllin Chem Lab
cence analysis ~ rum samples ing after fever onset: ing after fever onset: Med
Retrospective No patient char- system (MAG- <5d: 0% <5d:0%
Italy acteristics re- LUMI 2000) 6-7 d: 3/6 (50%) 6-7 d: 4/6 (66.7%)

ported.

8-9d: 7/12 (58.3%)

10-11 d: 5/4 (35.7%)
12-13d: 7/9 (77.8%)
>13 d:22/25 (85.0%)

89 d: 9/12 (75%)
10-11 d: 10/14 (71.4%)
12-13d: 9/9 (100%)
>13 d: 25/25 (100%)
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Pan 2020 N=67 No information ICG stripassay  N=86 Seroconversion rate and tim- ~ Seroconversion rate and tim- - medRxiv
Retrospective ing: ing:
China 1(78 pat.) 1-7d: 11.1% 1-7d: 3.6%
2 (25 pat.) 8-14d:: 78.6% 8-14 d: 57.1%
3(2pat) >15d:74.2% >15d: 96.8%

Wolfel 2020 N=9 young to Mild cases IFA N=not reported Seroconversion rate at d 7 was 50%,,and 100% at d 14 after Accepted for pub-
Retrospective middle-aged symptom onset. lication in Nature
Germany cases, with no -

co-morbidities
Xiang 2020 N=85 78.8% ‘normal’ ELISA N=216 Seroconversion rate and tim- ~ Seroconversion rate and tim- - OxfordUniversity

Median age: cases, 21.2% se- Collected at 14 dif- ing: ranged from 44.4% to ing: ranged from 39.1% to Press for the
Retrospective 51.0 (32t0 65 vere cases ferent time-points 85.7% across time-points 100% across time points ( American Infec-

years) (60% at <5 d after onset, but ~ 40% at <5 d after onset, but tious Disease So-
China M: 36.5 %; very few samples) very few samples at each ciety.

F:63.5% time-point)

Comorbidi-

ties:38.8%
Xiao 2020 N=34 Not reported (but ~ CLIA N=32 Seroconversion timing: Seroconversion timing: Pre-proof /Journal

all hospitalised) (-) week 12 (-) week 12 of Infection/ IF:

Cohort study Mean age: 55 week 1:2;week3 (1) week 3and 4 (but declin-  (+) week 3, 4 (and increas- 4.603 (2017)
China (26-87) years ;56';1\/;?6kte7ék ‘é"‘;el; ing), week 5 and 7: declining  ing), and week 5 and 7 al

F12: M2 <18 : and 2 patients negative patients still positive
Yong 2020 N=38 3 severe cases, GICA N=76 Seroconversion rate and tim- ~ Seroconversion rate and tim- - Accepted for pub-
Retrospective and 35 mild cases ing: ing: lication.
China 0-7 d: N=13 0-7 d: 23% 0-7 d: 53.0%
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Median age: 8-14d:N=8 8-14d:50.0% 8-14d:87.5%
40.4 (IQR:31 to >15d: N=23 >15d:52.2% >15d:91.3%
49.5 years)
M:55.3%;
F:44.7%
Yongchen 2020 N=21 5 asymptomatic GICA N=no information All non-severe and severe cases were seroconversed during Accepted for pub-
Age:37 (10 to cases; 11 non-se- hospitalisation, but only 1 of 5 asymptomatic carriers. lication in Emerg-
Retrospective 73 yrs) vere cases; 5 se- Timing of sampling: ing Microbes and
M:61.9%; vere cases w1,w2,w3,andw  All severe cases were sero-conversed within 2 weeks after Infections. IF: 6.2
China F:38.1% 6 symptom onset.
Zhao 2020 N=173 Median 141 non-critical ELISA N=535 Seroconversion rate:82.7% Seroconversion rate:64.7% Published by Ox-
age: 48 years and 32 critical . (143/173) (1121173) ford university
Cohort study (IQR:35-61) cases Median no of tests . o _ o press for the In-
chi F:51.4%; per patient: 3 Median seroconversion time:  Median seroconversion time: fectious Disease
na M:48.6% (IOR:2-4) 12d 14d Society of Amer-
ica.
Case-studies
Haveli 2020 One woman in Mild/Non-severe IFA N=4 Seroconversion timing: Seroconversion timing: Rapid communi-
] her thirties ()day4;(+)d9,10and20  (-)day4;(+)d9, 10 and 20 cation / Euro-sur-
Case study Fin- veillance/ IF:
land 5.983in 2015
Lee 2020 One 46-yearold  Not reported ALLTEST 2019-  N=7 Not reported’ Seroconversion timing: Short communica-
woman nCoV ()d2,5;(+)d7,9,13, 20, tion/J of Microbiol-
Calse study Aus- 23 ogy, immunology,
tralia

and infection/
IF:2.455
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Thevarajan 2020  One 47-yearold  Mild —moderate IF N= Seroconversion timing: Seroconversion timing: Correspond-

) woman /non-severe (-)d7,8;(2+)d 9, and (1+)d 7;(2+)d 8; (3+)d 9 i ence/Nature Med-
Case study Tai- (3+)d 20 and d 20 icine/IF: 30.641 in
wan 2018
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Appendix 3

Table 2 Seroconversion rate and timing, age, and severity of disease (N=10)

Author Year No of patients with | Severity of dis- Test for detection | No of serum sam- IgM IgG IgA Publication
confirmed COVID | ease (asympto- of SARS-CoV 2 ples and time- type
19: age; gender matic -mild -moder- | specific antibodies | points of sam-
ate-severe-critical) pling
Adams 2020 N=40 confirmed 22 acute cases ELISA, and nine N=90 samples IgM or IgG were posi- | 100% (31/31 seroposi- - medRxiv
cases; and 50 neg- | (<28 days after commercially avail- | Median sampling tive in 34/40 samples | tive) = 10 days after
ative controls symptom onset): 9 | able LFIA* devices | time (after symp- (across all time symptom onset
Retrospective study mild ;4 severe, 9 was compared tom onset): points). IgG titres rose during 3
Age: > 18 yrs critical cases Acute cases: 10d weeks post symptom
*Due to poor sensitiv- | (range 4 to 19) The six negative sam- | onset, and begun to fall
UK Gender: - 18 convalescent ity of all LFIA devices | Convalescent sam- | ples were all taken by 8 weeks (but were
Co-morbidities: - samples (=28 d af- | only results for ELISA | ples:48 d (range earlier than 9 d after still detectable)
ter symptom on- are reported here. 31t062) symptom onset. No relationships be-
set):1 mild, 17 tween severity of dis-
asymptomatic ease and antibody ti-
cases tres were found.
Dahlke 2020 N=2 confirmed 1 mild case, and Proteome Peptide 4-5 tests each Mild case: a strong IgA response soon after disease onset. medRxiv
cases; a 64-year one more severe Microarrays More severe case: a delayed but eventually very strong and broad IgA
Case series old man,and a62- | case that needed response
year old woman hospitalisation
Germany
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Liu 2020 N=133 44 moderate cases; | SARS CoV-2 anti- Not reported Seroconversion rate by severity of disease: medRxiv
Median age:68 52 severe and 37 body detection kit Moderate:79.55% (IgM); 93.18% (IGG)
Retrospective study | F:63; M:70 critical cases Severe: 82.69% (IgM); 100% (IgG)
Critical:72.97% (IgM); 97.30%(IgG)
China No significant differences due to severity of disease.
Long 2020 N=285; N=63 in fol- | 39 severe cases, MCLIA N=364 , and Median day of seroconversion: d13; reached 100% at d20 for IgG medRxiv
low up cohort 246 mild cases N=281in follow-up | Higher titres in severe patients, but only significantly higher for IgG at 2
Cohort study Median age:47 weeks.
(IQE:34 to 56) Two patients remained seronegative during hospitalisation (but were lost to
China M:55.4%; F:44.6% follow up)
Ma 2020 N=87 No information Chemiluminiscence- | N=216 (and 483 Seroconversion rate Seroconversion rate and | Seroconversion rate medRxiv
Median age: 48 (21- immuno-analysis sera from COVID- | and timing: timing: and timing: 4-10d:
Retrospective study | 94 years) 19 negative con- 4-10d: 88.2 (15/17) 4-10d: 76.5% (13/17) 64.7% (11/17)
Gender: - trols) 11-15d: 100% 11-15d: 100% 11-15d:97% (29/30)
Co-morbidities: 16-20d 100% 16-20d 100% 16-20d 100%
China 42.5% 21-25d:98.2%(55/58) | 21-25d: 100% 21-25d: 100%
26-30d:100% 26-30d: 100% 26-30d: 100%
31-41d:100% 31-41d: 87% (20/23) 31-41d: 100%
Serum IgA level cor-
related with severity
of disease.
Tan 2020 N=67 22 non-severe ELISA N=342 Seroconversionatd 7 | Seroconversionatd 10 | - medRxiv
Age:49 (range 10 to | cases; 29 severe (10.3%), and peaked (3.4%), and peaked at d
77 years) and 9 critical cases
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Prospective cohort | M:52.2%: F:47.8%; at 28 days (57.1%) af- | 49 (86.7%) after disease
study Co-morbidities: ter disease onset. onset.
37,3% IgG titres appear ear-
China IgM titres appear ear- | lier and are higher in
lier and are higher in | patients with severe
patients with severe | disease.
disease Weak responders of IgG
had significantly higher
Non-responders (titre | virus clearance rate,
below detection): than high responders.
30(51.7%) Non-responders; 9
(16.7%)
To 2020 N=23 patients Me- 13 mild cases and EIA N=108 Seroconversion rate: Seroconversion rate: Lancet Infec-
dian age:62 (37-75) | 10 severe cases Mean no of tests Anti-NP IgM: 85 % Anti-NP 1gG: 94% tion/IF:
Cohort study M:10; F:13 per patient: 4.7 (14/16) (15/16) 27.516
46% had chronical Anti-RBD IgM: 94% Anti-RBD IgG: 100%
illnesses Note: Only 16 of (15/16) (16/16)
China included patients Seroconversion tim- Seroconversion tim-

had samples 14
days or later after

onset.

ing:10 days or later for
most patients
No difference due to

severity of disease.

ing:10 days or later for
most patients
No difference due to

severity of disease.
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Wang 2020 N=70; 12 inpatients | No information Modified cytopatho- | N=117 Seroconversion reached 100% within 20 d after disease onset, and re- medRxiv
and 58 convales- genic assay based mained 100% until da 41-53. Antibody levels were highest at d31-43, and
Retrospective cents (including on live SARS-CoV- decreased slightly thereafter.
young patients) 2 Antibody titres were higher in middle-aged and older patients, than in
younger patients (16-30yrs).
China Patients with a worse clinical condition had higher antibody titres. Indi-
vidual variations in changes in antibody levels were observed.
Wu 2020 N= 175 recovered Recovered from ELISA and Pseudo- | N=not reported SARS CoV-2 specific neutralising antibodies (NAbs) and spike-binding anti- | medRxiv
patients (including | mild disease typed-lactiviiral-vec- bodies formed d10-15 after infection, and were significantly higher in middle-
Retrospective young patients) tor-based neutrali- aged and elderly people, than in younger people- 30% of patients had very
sation assay low NADb titres (mostly younger patients 15-39 yrs), and Nab titres in 10 of
them were below detectable level.
China Plasma from COVID 19 patients showed cross-binding to SARS CoV, but
did not neutralise SARS CoV.
Zhang 2020 N=222 39.2% were severe | CLIA N=unclear Seroconversion: could be de- Seroconversion could be detected from | medRxiv
Median age: 62 cases tected from d 3 after symptom d 4 after symptom onset, and peaked at
Retrospective (IQR:52-69) Sampled within 35 | onset, and peaked at 2 weeks 4 weeks.
M:48.2%; F:51.8% d from symptom Seroconversion rate: 82% Seroconversion rate: 98.8%
China onset. High IgG levels at late stage (> 14 d)

were more frequent in patients with

severe disease.
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Appendix 4

Table 3 Transmission of SARS-CoV-2 antibodies during pregnancy (N=3

Author Year No of patients | Severity of dis- Delivery No of test for diag- | Test for detection IgM/lgG Follow up of neonate Publication type/
with RT-PCR ease nosis of SARS of SARS-CoV 2 P Journal/lmpact
confirmed CoV-2 infection specific antibod- factor (IF)

COVID 19: ies’
age; co-mor-
bidities

Alzamore 2020 A 41-year old Severe case with | C-section, without Nasopharyngeal Solid-phase immu- Mother seronegative The neonate was iso- | Short communica-
woman, with respiratory failure | delayed cord clamp- | swab taken 16 nochromatographic | at admission (4 days lated directly after de- | tion. Theme Medi-

Case study. BMI 35 km/m2, | requiring mechan- | ing and skin-to-skin | hours after delivery, | assay. after symptom onset), | livery, received me- cal.
and diabetes ical ventilation contact. and analysed by and offspring negative | chanical ventilation for
mellitus It was unclear RT-PCR. Test was post-partum 12 h, and was there

Peru whether protective positive for SARS- after put on continu-

masks or other pro- | CoV-2 infection in Mother seropositive at | ous positive airway
tective equipment the infant. Repeated 9 d after symptom on- | pressure.
were worn during test 48 h later was set, and offspring still
delivery. also positive. seronegative 5 d after | No follow up data pro-
birth. vided after 5 d post-
partum.
Dong 2020 A 29-year old Not classified, but | C-section in room Five PCR tests per- | Not reported. Elevated antibody lev- Research letter.
. : . . The neonate, who had
woman with the woman re- with negative pres- formed on nasopha- els in serum post-par- JAMA.

Case study confirmed ceived antiviral, sure. The mother ryngeal swabs tum were found in no symptoms, was

China COVID-19 diag- | antibiotic, cortico- | wore a protective taken 2 hours after both mother and in- isolated directivafter
nosis steroid and oxy- mask during deliv- birth and up to 16 fant. y

gen therapy at ad- | ery. No. skin-to-skin | days after delivery, delivery.
mission. contact.
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were all negative for
SARS-CoV-2.

Follow up for 16 d af-

ter delivery.

Zheng 2020

Retrospective
study

China

Six women with
confirmed
COVID-19 diag-
nosis

All women had
mild symptoms.

C-section. Mothers
and personnel were
all wearing protec-
tive masks during
delivery.

One test (on throat
swabs and neonatal
blood) was per-
formed. None of the
infants tested posi-
tive for SARS CoV-
2.

CLIA kit

Antibodies in serum
assessed post-partum
in the women and all
infants had increased
levels of antibodies.

All infants were iso-

lated directly after de-

livery, and none
presented any symp-

toms.

No follow-up data pro-

vided.

Research letter.
JAMA.
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