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ABSTRACT

Objectives: Many regions of Africa have experienced lower COVID-19 morbidity and mortality than Eu-
rope. Pre-existing humoral responses to endemic human coronaviruses (HCoV) may cross-protect against
SARS-CoV-2. We investigated the neutralizing capacity of SARS-CoV-2 spike reactive and nonreactive im-
munoglobulin (Ig)G and IgA antibodies in prepandemic samples.
Methods: To investigate the presence of pre-existing immunity, we performed enzyme-linked im-
munosorbent assay using spike antigens from reference SARS-CoV-2, HCoV HKU1, OC43, NL63, and 229E
using prepandemic samples from Kilifi in coastal Kenya. In addition, we performed neutralization assays
using pseudotyped reference SARS-CoV-2 to determine the functionality of the identified reactive anti-
bodies.
Results: 'We demonstrate the presence of HCoV serum IgG and mucosal IgA antibodies, which cross-react
with the SARS-CoV-2 spike. We show pseudotyped reference SARS-CoV-2 neutralization by prepandemic
serum, with a mean infective dose 50 of 1: 251, which is 10-fold less than that of the pooled conva-
lescent sera from patients with COVID-19 but still within predicted protection levels. The prepandemic
naso-oropharyngeal fluid neutralized pseudo-SARS-CoV-2 at a mean infective dose 50 of 1: 5.9 in the
neutralization assay.
Conclusion: Our data provide evidence for pre-existing functional humoral responses to SARS-CoV-2 in
Kilifi, coastal Kenya and adds to data showing pre-existing immunity for COVID-19 from other regions.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

that includes four human endemic coronaviruses (HCoVs): two be-
tacoronaviruses, HCoV-0C43 and HCoV-HKU1, and two alphacoron-

SARS-CoV-2 emerged in 2019 and has caused morbidity, mor- aviruses, HCoV-NL63 and HCoV-229E, which are all associated with
tality, and disruptions in the global economy [1]. SARS-CoV-2 is mild forms of respiratory infections; although, they can lead to
a single-stranded RNA betacoronavirus in the Coronaviridae family severe disease in individuals with compromised immunity [2,3].

* Corresponding author.

HCoVs are endemic in the human population and may be respon-
sible for prepandemic SARS-CoV-2 cross-reactive T cell immunity
and humoral immunity [4-8]. Pre-existing HCoV antibodies cross-

E-mail address: jnyagwange@kemri-wellcome.org (J. Nyagwange).

https://doi.org/10.1016/j.ijid.2022.11.041

1201-9712/© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.1016/j.ijid.2022.11.041
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2022.11.041&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:jnyagwange@kemri-wellcome.org
https://doi.org/10.1016/j.ijid.2022.11.041
http://creativecommons.org/licenses/by/4.0/

J. Nyagwange, B. Kutima, K. Mwai et al.

reactive to SARS-CoV-2 are of great importance to COVID-19 pro-
gression and they have been reported in most settings as providing
protection against COVID-19 [7,9,10] and in a few settings, as in-
creasing COVID-19 pathogenesis possibly through the original anti-
genic sin phenomenon [11]. We recently reported about 10% spike
reactive prepandemic serum at 1: 800 dilution in blood donors
[12], and in the current study, we aimed to investigate the spike
reactive prepandemic serum at lower dilutions in detail. We tested
prepandemic antibodies in serum and naso-oropharyngeal (NP/OP)
fluid collected in Kilifi, Kenya for HCoV binding and SARS-CoV-2
neutralization.

Methods
Study samples

The prepandemic serum samples (adults, n = 195 and children
aged <15 years, n = 431) were from biobanked KEMRI-CGMRC
annual cross-sectional surveys for malaria surveillance in coastal
Kenya in 2018. The positive control was a pool of serum from 50
Kenyan adults with COVID-19 symptoms and SARS-CoV-2 reverse
transcriptase-polymerase chain reaction (RT-PCR)-confirmed NP/OP
samples.

The prepandemic NP/OP samples (n = 786) were obtained from
biobanked human NP/OP samples collected from study partici-
pants between 2015 and 2017 in the Kilifi Health and Demographic
Surveillance System. The pandemic NP/OP samples set (n = 1115)
were SARS-CoV-2 RT-PCR test samples performed at the KEMRI-
CGMRC between March and July 2020. Samples from both popula-
tions were collected using similar flocked nasopharyngeal swabs.

Recombinant antigens production

We have recently described the production and purification
of full-length SARS-CoV-2 spike protein in the mammalian ex-
pression system [12]. Recombinant spike antigens to HCoV HKU1,
0C43, NL63, and 229E were stabilized as described previously [13],
codon-optimized for mammalian expression, and His-tagged for
purification. The constructs for the antigens were ordered from Ge-
neArt, and the plasmids were made and transfected in mammalian
cells using Expifectamine (ThermoFisher, A14525) according to the
manufacturer’s protocol.

Enzyme-linked immunosorbent assay (ELISA)

The immunoglobulin (Ig)G assays were performed as de-
scribed previously [12]. For the IgA, Maxisorp NUNC-immuno flat-
bottomed 96-well plates (Thermo Scientific) were coated with 2
ng/ml of spike antigens of the four endemic coronaviruses and
SARS-CoV-2 at 37°C for 1 hour, then washed three times in 0.1%
Tween 20 (Sigma) and once in phosphate-buffered saline (Sigma),
placed in wash buffer, and blocked with Blocker™ Casein (Thermo
Fisher) for 1 hour. Human NP/OP in viral transport media were
heat-inactivated for 1 hour at 56°C, and samples were diluted 1:
1 in Blocker™ Casein, added to both receptor binding domain and
spike-coated plates, and incubated for 2 hours at room temper-
ature. After washing four times with wash buffer, a 1: 1000 di-
lution of horseradish peroxidase-conjugated goat antihuman IgA
antibody (Sigma) in wash buffer was added to plates, incubated
for 1 hour at room temperature, washed, and added with o-
phenylenediamine dihydrochloride substrate (Sigma) for color de-
velopment for 10 minutes. Plates were read on an Infinite® 200
PRO microplate reader (TECAN) at 492 nm, and optical density
(OD) values for each sample acquired for analysis. For SARS-CoV-
2, IgG seropositivity was defined as a sample OD greater than two
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times the negative OD. For the HCoV assays, negative OD was de-
fined as three times the blank OD. The cut-offs were defined fol-
lowing a validation exercise during the development of the ELISA,
with 174 SARS-CoV-2 PCR-positive Kenyan adults and a panel of
sera from the UK National Institute of Biological Standards and
Control (NIBSC) and 910 serum samples from Kilifi drawn in 2018,
prepandemic [12]. In the World Health Organization-sponsored
multilaboratory study of SARS-CoV-2 antibody assays, our results
were consistent with the majority of the test laboratories [14].

Pseudo-neutralization assay

We adapted a lentivirus-based SARS-CoV-2 pseudovirus as-
say, developed by the Craig laboratory, with minor modifications
[15]. Under biosafety level 2 laboratory (BSL2) conditions, the
three plasmids, coding the murine leukemia virus (MLV), MLV-
gag/pol backbone, luciferase, and full-length spike protein were co-
transfected into HEK293T cells using polyethylenimine (PEI) (Poly-
sciences, 24765-1) to produce single round of infection competent
pseudoviruses. The medium was changed 24 hours after transfec-
tion, and the supernatant containing MLV-pseudotyped viral par-
ticles was collected 72 hours after transfection, aliquoted, and
frozen at -80°C for the neutralization assay. Virus infectivity was
determined by titration on Hela angiotensin-converting enzyme
(ACE2) stable cells as described before [16], and the dilution of
pseudoviruses giving >20,000 relative light units (RLU) was se-
lected for assaying. To test for neutralization of the cross-reactive
antibodies, we selected the 30 highest responders and 15 of the
lowest responders of SARS-CoV-2 spike protein in both serum and
NP/OP ELISA. All serum and NP/OP samples were heat-inactivated
at 56°C for 1 hour. In sterile 96-well plates (Corning, 353077),
50 ul of the virus was immediately mixed with 50 ul of serially
diluted (2 x) serum or NP/OP, starting at 1: 50 and 1: 1 dilu-
tion, respectively, and incubated for 1hour at 37°C to allow anti-
body neutralization of the pseudotyped virus. In all, 10,000 HeLa-
ACE2 cells/well (in 100 il of media containing 20 ;g/ml dextran)
were directly added to the antibody-virus mixture. Plates were in-
cubated at 37°C for 72 hours. After the infection, HeLa-ACE2 cells
were lysed using lysis buffer (25 mM glycylglycine pH 7.8, 15 mM
MgS04, 4mM EGTA, 1% Triton X-100, Promega, E2661). Luciferase
intensity was then read on a luminometer with luciferase substrate
according to the manufacturer’s instructions (Promega, E2650). The
percentage of neutralization was calculated using the following
equation: 100 x (1 - [RLU of sample - average RLU of back-
ground/average of RLU of probe alone - average RLU of back-
ground]), where background was the cell only control and probe
was the virus and cells without serum or NP/OP. As a positive assay
control for seroneutralization, a pool of convalescent serum from
50 individuals with confirmed COVID-19 was included. As part
of validating the pseudovirus assay, 21 SARS-CoV-2 PCR-positive
Kenyan adults and a panel of sera from the UK NIBSC, and 30
serum samples from Kilifi drawn in 2018 and nonreactive to SARS-
CoV-2 spike were analyzed with expected results (Supplementary
Figure S1).

Statistical analysis

Data analysis was conducted using R v4.1.0. ELISA responses
were compared using Student’s t-test and Wilcoxon signed rank
test. Data were considered statistically significant at *P <0.05, **P
<0.01, ***P <0.001, ****P 0.0001, and not significant. To estimate
the inhibitory dilution 50(IDsg), the dilution curves were fit to
each sample and the mean of each group, with the neutralization
percentage modeled using a five-parameter log-logistic function of
the dilution factor based on the Reed-Muench method [17]. This
yielded an IDsq value for each sample and group, where the curves
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Figure 1. Reactivity of prepandemic and COVID-19 serum to coronaviruses spike and to SARS-CoV-2 pseudo-type.

(a) Enzyme-linked immunosorbent assay to SARS-CoV-2 spike antigen with prepandemic human serum (n = 220) showing high cross-reactivity which decreases with
increasing fold dilutions. Dotted line shows cut-off for positivity. (b) Enzyme-linked immunosorbent assay to HCoV spike antigens with the prepandemic human serum
showing responses among adults (n = 195) and children (n = 431). There were significantly higher responses in adults than children with all HCoV spike antigens except
HCoV-NL63 spike. (c) Pseudotyped SARS-CoV-2 neutralization using the selected SARS-CoV-2 spike (S2) reactive IgG (n = 30) and nonreactive IgG (n = 15) samples are
shown. There was neutralization with the S2-reactive samples, mean IDsy of 1:251 compared with mean IDso of 1: 2461 of COVID-19 pooled (C19 pool) convalescent serum
used as assay-positive control but no neutralization with S2-nonreactive IgG samples. (d) There were significantly higher IgG responses for HCoV-HKU1 and 0C43 for S2-

reactive than S2-nonreactive sera but no significant difference for NL63 and 229E.

HCoV, human coronaviruses; Ig, immunoglobulin; ns, not significant; OD,optical density.

were fit using drc package v3.0-1 in R v4.1.0 [18]. Samples that did
not show a dilution response because of no neutralization were not
assigned an [Dsq value.

Results

SARS-CoV-2 spike reactive IgG antibodies were found in 93/220
(42.3%) Kenyan prepandemic serum samples at 1: 100 of dilu-
tion, but these levels reduced with increasing dilutions, and at
1: 800 dilution, only 5/220 (2.5%) were above our positivity cut-
off (Figure 1a). Furthermore, there were pre-existing IgA antibod-
ies reactive to SARS-CoV-2 spike in prepandemic NP/OP samples
at similar levels to those in NP/OP samples collected from pa-
tients with positive PCR results for SARS-CoV-2 on diagnostic test-
ing (Figure 2a).

We hypothesized that the apparent prepandemic immunity was
driven by the presence of HCoV antibodies in these samples, and
that the responses would be stronger toward the closely related
betacoronaviruses (HKU1 and OC43) than the alphacoronaviruses
(NL63 and 229E). To investigate this, we designed constructs for
full-length trimeric spike proteins for HCoV HKU1, 0C43, 229E,
and NL63 as described previously [13] and expressed the proteins
in mammalian cells and confirmed expression of the specific re-
combinant proteins on SDS-PAGE and Western blot (Supplemen-
tary Figure S2a). We developed ELISAs using the recombinant anti-
gens and validated the responses using convalescent serum from
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seven individuals with specific RT-PCR-confirmed HCoV infections
(Supplementary Figure S2b). IgG antibodies to the infecting HCoV
were detected with strong OD responses by ELISA (log of the area
under the curve >10); although, there were additional responses
at lower levels (log of area under the curve <10) directed at other
HCoV not detected by PCR (Supplementary Figure S2b). Next, we
investigated the presence of the HCoV in 626 prepandemic serum
samples and found IgG antibodies to all the four HCoV, and three
of the four HCoV had significantly higher responses in adults than
in children (P <0.001; Figure 1b).

To investigate the neutralization functions of the pre-existing
cross-reactive IgG and IgA antibodies, we determined the me-
dian response and designated samples above the median as
“SARS-CoV-2-S-reactive” and below the median as “SARS-CoV-2-S-
nonreactive”. We then randomly selected 30 SARS-CoV-2-S-reactive
IgG samples and 30 SARS-CoV-2-S-reactive IgA samples. As con-
trols, we randomly selected 15 SARS-CoV-2-S-nonreactive IgG sam-
ples and 15 SARS-CoV-2-S-nonreactive IgA samples and performed
a neutralization assay using the wild-type pseudo-SARS-CoV-2. Of
the 30 SARS-CoV-2-S-reactive IgG samples, 29 exhibited neutral-
izing activity against pseudo-SARS-CoV-2, with a mean IDsy of
1: 251, whereas all the 15 SARS-CoV-2-S-nonreactive IgG samples
showed no neutralizing activity (Figure 1c). Compared with a pool
of 50 convalescent serum collected from individuals with con-
firmed COVID-19 (IDsq of 1: 2461), their neutralizing titers were
about 10-fold less (Figure 1c). Khoury et al. [19] have estimated
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Figure 2. Reactivity of prepandemic and COVID-19 naso-oropharyngeal swabs to coronaviruses spike and to SARS-CoV-2 pseudo-type.

(a) Enzyme-linked immunosorbent assay to SARS-CoV-2 spike antigen with prepandemic and pandemic nasopharyngeal swabs with SARS-CoV-2-positive reverse
transcriptase-polymerase chain reaction result showing high cross-reactivity with no significant difference between the two sample sets. (b) Pseudotyped SARS-CoV-2 neu-
tralization using the selected SARS-CoV-2 spike (S2) reactive IgA (n = 30) and nonreactive IgA (n = 15) samples are shown. There was neutralization with the S2-reactive
samples, mean ID50 of 1:5.9 but no neutralization with nonreactive IgA (n = 15) samples. (c) There were also significantly higher responses of S2-reactive IgA samples than

the S2-nonreactive IgA samples among the four endemic HCoV.

HCoV, human coronaviruses; Ig, immunoglobulin; ns, not significant; OD, optical density.

the 50% protective neutralization titer of most of the SARS-CoV-2
convalescent serum to be between 1: 10 and 1: 1200 in in vitro
neutralization experiments, suggesting that the titers observed in
our study could be protective. To further establish whether these
antibodies could be protective, we determined the levels of SARS-
CoV-2 binding IgG antibodies by normalizing both the reactive and
nonreactive SARS-CoV-2 IgG binding antibodies using the World
Health Organization standard, NIBSC 20/136. We found that 5/30
(16.7%) of the SARS-CoV-2-S-reactive IgG samples had greater than
the 60-154 binding antibody units/ml suggested to be protective
for IgG binding antibodies [20], whereas 23/30 (76.7%) had lev-
els considered SARS-CoV-2-seropositive according to the positivity
(>32 binding antibody units/ml) threshold suggested by Chibwana
et al. [21] (Supplementary Figure S3). One of the 15 SARS-CoV-2-
S-nonreactive IgG samples was seropositive, but none reached the
protective threshold. Interestingly, when we compared the ELISA
responses between the 30 SARS-CoV-2-S-reactive IgG and 15 SARS-
CoV-2-S-nonreactive IgG samples, only HKU1 (P <0.001) and 0OC43
(P <0.01) had significantly different responses, implying that the
neutralization of SARS-CoV-2 was mainly associated with these
two HCoVs in serum, which are both betacoronaviruses as SARS-
CoV-2 (Figure 1d).

In contrast, there were significant differences between 30
SARS-CoV-2-S-reactive IgA samples and 15 SARS-CoV-2-S-
nonreactive IgA samples among the four HCoVs, implying a
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nonbetacoronaviruses-specific neutralization effect (Figure 2c).
However, 28/30 (93.3%) of SARS-CoV-2-S-reactive IgA samples
exhibited neutralizing activity to the reference pseudo-SARS-CoV-2
virus, with mean I[Dsq of 1: 5.9, whereas the SARS-CoV-2-S-
nonreactive IgA samples did not neutralize (Figure 2b).

Discussion

COVID-19 morbidity and mortality has been surprisingly low in
sub-Saharan Africa (SSA) compared with the rest of the world, de-
spite the burden of infectious diseases, malnutrition, and insuf-
ficient health care [22]. The low burden has been variously hy-
pothesized to be due to Africa’s favorable weather; timely miti-
gation measures; younger population structure; high exposure to
infectious diseases, such as malaria, resulting in immune priming
and production of protective cross-reactive T cells and antibodies
from bacteria and endemic HCoVs, such as HKU1, 0C43, NL63, and
229E [22,23]. We have previously reported SARS-CoV-2 spike reac-
tive antibodies in prepandemic serum in a section of our in-house
ELISA validation panel [12]; here, we report the presence of SARS-
CoV-2 neutralizing serum IgG (mean IDsy of 1: 251) and mucosal
IgA (mean IDsy of 1: 5.9) antibodies reactive to HCoV spike pro-
teins in prepandemic samples. Consistent with our IgG data, Ng et
al. [7] reported HCoV-induced IgG antibodies capable of neutral-
izing SARS-CoV-2 in the prepandemic samples from the UK, with
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neutralizing titers ranging from 1: 100 to 1: 3000 dilution. In con-
trast to our study, Ng et al. [7] observed higher cross-reactive an-
tibodies in children (21/48 [44%]) than in adults (16/302 [5.3%])
than the children (19/95 [20%]) and adults (74/125 [59.2%]) in our
study. Some studies have reported similar findings as our study
and attributed the results to continued boosting after reinfection
and provided an explanation to better protection in children as not
the high levels of mature class-switched IgG and IgA antibodies
but higher levels of immature HCoV IgM, which are more adapt-
able in antigen recognition and fragment crystallizable (Fc) re-
sponses [24,25]. However, there are several studies with contrast-
ing data on HCoV antibody levels in adults versus children; age
could therefore be a confounder [24,25]. Nevertheless, neutraliza-
tion by prepandemic sera was attributed to antibodies against anti-
genic epitopes conserved within the spike S2 subunit of SARS-CoV-
2 and HCoV, especially HKU1 and 0OC43 [7]. SARS-CoV-2 neutraliz-
ing antibodies (ID5q ranging from 1: 10 to 1: 100) in the prepan-
demic sera, targeting both S1 and receptor binding domain have
also been reported in children and adults in the United Kingdom
and illustrates these as additional targets for cross-neutralization
[26]. These studies suggest protective role of pre-existing HCoV
immunity to the clinical course of COVID-19 after SARS-CoV-2 in-
fection, and this might be the case in our population; although,
the 42.3% prevalence of cross-reactive antibodies does not fully
account for the 92.4% asymptomatic individuals observed in our
population [27], implying that other factors contribute [22]. No-
tably, Tso et al. [28] have reported a higher prevalence of HCoV in
SSA than in the United States and associated the lower mortality
and morbidity observed in SSA with prepandemic HCoV serolog-
ical cross-reactivity. Apart from humoral immunity, SARS-CoV-2-
specific T cells from prepandemic individuals have been reported
to cross-react with sequences from endemic coronaviruses, plas-
modium, and commensal bacteria, implying that the latter may
also contribute to the protective properties of the prepandemic
samples [23,29]. In contrast, a recent study involving hospitalized
patients with COVID-19 associated pre-existing HCoV antibodies
with severe and fatal outcomes of COVID-19 and attributed the ef-
fect to the original antigenic sin phenomenon [11]. However, the
study included only hospitalized patients sampled at a single time
point, making it impossible to determine the level of the previ-
ous HCoV immunity [11]. In fact, a 7-month longitudinal cohort in-
volving asymptomatic and participants with mild/moderate symp-
toms showed that a previous HCoV exposure had a protective ef-
fect against SARS-CoV-2 infection and disease [30]. Nevertheless,
knowing the duration of HCoV protective immunity to SARS-CoV-
2 infection and COVID-19 will be the key to the understanding of
the role of HCoV on COVID-19 epidemiology and pathology at the
population level.

Prepandemic breast milk IgA antibodies binding to both SARS-
CoV-2 and HCoV spike proteins have been reported in mothers in
Uganda and the United States [31], but to the best of our knowl-
edge, our study is the first report of neutralizing mucosal IgA
antibodies to SARS-CoV-2 in prepandemic NP/OP samples. How-
ever, neutralizing mucosal IgA antibodies after SARS-CoV-2 infec-
tion have been reported elsewhere, with better neutralizing capac-
ities than monomeric IgA and IgG in the circulation and provid-
ing heterologous protection [32,33]. Apart from acting at the pri-
mary SARS-CoV-2 invasion sites, mucosal IgA exists in a dimeric
form, which has a better antigen binding capacities and can per-
form both nonspecific (immune exclusion) and specific neutraliza-
tion and Fc-mediated immune functions [33,34].

We have reported results of mucosal IgA and serum IgG in
prepandemic samples from two distinct populations. It would have
been better to compare the two antibody classes in the corre-
sponding samples. Therefore, in the absence of corresponding sam-
ples in these retrospective samples, our study is limited in draw-
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ing inferences from the two populations about the likely behavior
of the two classes of antibodies. Furthermore, failure to measure
antibodies to SARS and Middle East respiratory syndrome (MERS),
presents another limitation because the antibodies are also cross-
reactive to SARS-CoV-2 and may contribute a proportion of the
responses we have observed. However, SARS and MERS are rare
in our setting and therefore widespread responses are unexpected
[35,36]. Nevertheless, teasing out the virus-specific responses from
a mixture of antibodies would require adsorption of the antibodies
with purified spike antigens from the specific coronaviruses, which
we have not performed in the current study due to the limited
quantities of the retrospective samples.

Overall, our data provide evidence of functional cross-reactive
antibodies in prepandemic samples from an African population and
suggests an additional explanation for why members of this pop-
ulation appear to be less susceptible to severe COVID-19 disease.
A full understanding would need a direct comparison to samples
from other geographic locations and longitudinal studies measur-
ing HCoV antibodies before SARS-CoV-2 infection and follow-up of
the individuals through the pandemic to estimate the percentage
of those who were infected with SARS-CoV-2, percentage of those
who were sick and admitted to hospital, and percentage of those
who died.

Declaration of Competing Interest
The authors have no competing interests to declare.
Funding

This research was funded in whole or in part by the Wellcome
Trust (grants 220991/Z/20/Z and 203077/Z/16/Z, SRF214320). For
the purpose of Open Access, the author has applied a CC-BY public
copyright license to any author accepted manuscript version aris-
ing from this submission.

Ethical approval

This study was approved by the Scientific and Ethics Review
Unit of the Kenya Medical Research Institute (Protocol SSC 3426).
Written informed consent was obtained from the participants for
the collection, storage, and further use for the sample sets in the
research (Scientific and Ethics Review Unit numbers: 1433, 3103,
4077, 3149, 3426).

Acknowledgments

The authors thank all the sample donors for their contribution
to the research. The authors also thank Dr Craig Thompson for gen-
erously donating the plasmids used to produce the pseudoviruses
and Dr Elise Landais, Deli Huang, and David Nemazee Scripps of
the Research Institute for generously donating the HeLa-ACE2 cell
lines.

Author contributions

Conceptualization and methodology: JN, TL, GMW. Investiga-
tion: BK, JNG, DM, HKK, JT, JN, JUN, LIO-O, YS, EN, DJN, DOO, DW.
Formal analysis: JN, KM, AA, BK, GMW. Resources and funding ac-
quisition: TL, CA, GMW. Writing, original draft preparation: JN, PB,
JAGS. Writing, review, and editing: all authors.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/].ijid.2022.11.041.


https://doi.org/10.1016/j.ijid.2022.11.041

J. Nyagwange, B. Kutima, K. Mwai et al.

References

[1] Zhu N, Zhang D, Wang W, Li X, Yang B, Song ], et al. A novel coronavirus
from patients with pneumonia in China, 2019. N Engl ] Med 2020;382:727-33.
doi:10.1056/NEJM0a2001017.
Huang AT, Garcia-Carreras B, Hitchings MDT, Yang B, Katzelnick LC, Ratti-
gan SM, et al. A systematic review of antibody mediated immunity to coro-
naviruses: kinetics, correlates of protection, and association with severity. Nat
Commun 2020;11:4704. doi:10.1038/s41467-020-18450-4.
Pifiana JL, Xhaard A, Tridello G, Passweg ], Kozijn A, Polverelli N, et al. Sea-
sonal human coronavirus respiratory tract infection in recipients of allogeneic
hematopoietic stem cell transplantation. J Infect Dis 2021;223:1564-75. doi:10.
1093/infdis/jiaa553.
Braun ], Loyal L, Frentsch M, Wendisch D, Georg P, Kurth F, et al. SARS-
CoV-2-reactive T cells in healthy donors and patients with COVID-19. Nature
2020;587:270-4. doi:10.1038/s41586-020-2598-9.
Grifoni A, Weiskopf D, Ramirez SI, Mateus ], Dan JM, Moderbacher CR, et al.
Targets of T cell responses to SARS-CoV-2 coronavirus in humans with COVID-
19 disease and unexposed individuals. Cell 2020;181 1489-1501.e15. doi:10.
1016/j.cell.2020.05.015.
Le Bert N, Tan AT, Kunasegaran K, Tham CYL, Hafezi M, Chia A, et al. SARS-
CoV-2-specific T cell immunity in cases of COVID-19 and SARS, and uninfected
controls. Nature 2020;584:457-62. doi:10.1038/s41586-020-2550-z.
[7] Ng KW, Faulkner N, Cornish GH, Rosa A, Harvey R, Hussain S, et al. Pre-
existing and de novo humoral immunity to SARS-CoV-2 in humans. Science
2020;370:1339-43. doi:10.1126/science.abe1107.
Song G, He WT, Callaghan S, Anzanello F, Huang D, Ricketts ], et al. Cross-
reactive serum and memory B-cell responses to spike protein in SARS-CoV-2
and endemic coronavirus infection. Nat Commun 2021;12:2938. doi:10.1038/
s41467-021-23074-3.
Dugas M, Grote-Westrick T, Vollenberg R, Lorentzen E, Brix T, Schmidt H, et al.
Less severe course of COVID-19 is associated with elevated levels of antibod-
ies against seasonal human coronaviruses 0C43 and HKU1 (HCoV 0C43, HCoV
HKU1). Int ] Infect Dis 2021;105:304-6. doi:10.1016/.ijid.2021.02.085.
Lavell AHA, Sikkens ]J, Edridge AWD, van der Straten K, Sechan F, Oomen M,
et al. Recent infection with HCoV-OC43 may be associated with protection
against SARS-CoV-2 infection. iScience 2022;25:105105. doi:10.1016/j.isci.2022.
105105.
McNaughton AL, Paton RS, Edmans M, Youngs ], Wellens ], Phalora P, et al.
Fatal COVID-19 outcomes are associated with an antibody response target-
ing epitopes shared with endemic coronaviruses. JCI Insight 2022;7:e156372.
doi:10.1172/jci.insight.156372.
Uyoga S, Adetifa IMO, Karanja HK, Nyagwange ], Tuju J, Wanjiku P, et al. Sero-
prevalence of anti-SARS-CoV-2 IgG antibodies in Kenyan blood donors. Science
2021;371:79-82. doi:10.1126/science.abe1916.
Pallesen J, Wang N, Corbett KS, Wrapp D, Kirchdoerfer RN, Turner HL, et al.
Immunogenicity and structures of a rationally designed prefusion MERS-CoV
spike antigen. Proc Natl Acad Sci U S A 2017;114:E7348-57. doi:10.1073/pnas.
1707304114.
Mattiuzzo G, Bentley EM, Hassall M, Routley S, Richardson S, Bernasconi V,
Kristiansen P, Harvala H, Roberts D, Semple MG, Turtle LCW, et al. Establish-
ment of the WHO International Standard and Reference Panel for anti-SARS-
CoV-2 antibody 2020. Geneva: World Health Organization 2020.
[15] Thompson CP, Grayson NE, Paton RS, Bolton ]S, Lourengo J, Penman BS, et al.
Detection of neutralising antibodies to SARS-CoV-2 to determine population
exposure in Scottish blood donors between March and May 2020. Euro Surveill
2020;25:2000685. doi:10.2807/1560-7917.ES.2020.25.42.2000685.
Nie ], Li Q, Wu J, Zhao C, Hao H, Liu H, et al. Establishment and validation
of a Pseudovirus neutralization assay for SARS-CoV-2. Emerg Microbes Infect
2020;9:680-6. doi:10.1080/22221751.2020.1743767.
[17] Reed L, Muench H. A simple method of estimating fifty per cent endpoints.
Am | Epidemiol 1938;27:493-7. doi:10.1093/oxfordjournals.aje.a118408.
[18] Ritz C, Baty F, Streibig JC, Gerhard D. Dose-response analysis using R. PLoS One
2015;10:e0146021. doi:10.1371/journal.pone.0146021.

2

3

[4

5

(6

8]

[9

(10]

(11]

[12]

(13]

[14]

[16]

16

International Journal of Infectious Diseases 127 (2023) 11-16

[19] Khoury DS, Cromer D, Reynaldi A, Schlub TE, Wheatley AK, Juno JA, et al.
Neutralizing antibody levels are highly predictive of immune protection from
symptomatic SARS-CoV-2 infection. Nat Med 2021;27:1205-11. doi:10.1038/
s41591-021-01377-8.

[20] Goldblatt D, Fiore-Gartland A, Johnson M, Hunt A, Bengt C, Zavadska D, et al.
Towards a population-based threshold of protection for COVID-19 vaccines.
Vaccine 2022;40:306-15. doi:10.1016/j.vaccine.2021.12.006.

[21] Chibwana MG, Moyo-Gwete T, Kwatra G, Mandolo ], Hermanaus T, Motlou T,
et al. AstraZeneca COVID-19 vaccine induces robust broadly cross-reactive anti-
body responses in Malawian adults previously infected with SARS-CoV-2. BMC
Med 2022;20:128. doi:10.1186/s12916-022-02342-z.

[22] Njenga MK, Dawa ], Nanyingi M, Gachohi ], Ngere I, Letko M, et al. Why is
there low morbidity and mortality of COVID-19 in Africa? Am J Trop Med Hyg
2020;103:564-9. doi:10.4269/ajtmh.20-0474.

[23] Bartolo L, Afroz S, Pan YG, Xu R, Williams L, Lin CF, et al. SARS-CoV-2-
specific T cells in unexposed adults display broad trafficking potential and
cross-react with commensal antigens. Sci Immunol 2022;7:eabn3127. doi:10.
1126/sciimmunol.abn3127.

[24] Galipeau Y, Siragam V, Laroche G, Marion E, Greig M, McGuinty M, et al. Rel-
ative ratios of human seasonal coronavirus antibodies predict the efficiency
of cross-neutralization of SARS-CoV-2 spike binding to ACE2. EBiomedicine
2021;74:103700. doi:10.1016/j.ebiom.2021.103700.

[25] Selva K], van de Sandt CE, Lemke MM, Lee CY, Shoffner SK, Chua BY,
et al. Systems serology detects functionally distinct coronavirus antibody
features in children and elderly. Nat Commun 2021;12:2037. doi:10.1038/
s41467-021-22236-7.

[26] Shrwani K, Sharma R, Krishnan M, Jones T, Mayora-Neto M, Cantoni D, et al.
Detection of serum cross-reactive antibodies and memory response to SARS-
CoV-2 in prepandemic and post-COVID-19 convalescent samples. | Infect Dis
2021;224:1305-15. doi:10.1093/infdis/jiab333.

[27] Nyagwange ], Ndwiga L, Muteru K, Wamae K, Tuju ], et al. Epidemiology of
COVID-19 infections on routine polymerase chain reaction (PCR) and serol-
ogy testing in Coastal Kenya. Wellcome Open Res 2022;7:69. doi:10.12688/
wellcomeopenres.17661.1.

[28] Tso FY, Lidenge SJ, Pefia PB, Clegg AA, Ngowi JR, Mwaiselage ], et al. High
prevalence of pre-existing serological cross-reactivity against severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2) in sub-Saharan Africa. Int J In-
fect Dis 2021;102:577-83. doi:10.1016/j.ijid.2020.10.104.

[29] Mateus ], Grifoni A, Tarke A, Sidney ], Ramirez SI, Dan JM, et al. Selective
and cross-reactive SARS-CoV-2 T cell epitopes in unexposed humans. Science
2020;370:89-94. doi:10.1126/science.abd3871.

[30] Ortega N, Ribes M, Vidal M, Rubio R, Aguilar R, Williams S, et al. Seven-month

kinetics of SARS-CoV-2 antibodies and role of pre-existing antibodies to human

coronaviruses. Nat Commun 2021;12:4740. doi:10.1038/s41467-021-24979-9.

Egwang TG, Owalla TJ, Okurut E, Apungia G, Fox A, De Carlo C, et al. Differ-

ential pre-pandemic breast milk IgA reactivity against SARS-CoV-2 and circu-

lating human coronaviruses in Ugandan and American mothers. Int J Infect Dis
2021;112:165-72. doi:10.1016/].ijid.2021.09.039.

Havervall S, Marking U, Svensson ], Greilert-Norin N, Bacchus P, Nilsson P,

et al. Anti-spike mucosal IgA protection against SARS-CoV-2 omicron infection.

N Engl ] Med 2022;387:1333-6. doi:10.1056/NEJMc2209651.

[33] Wang Z, Lorenzi JCC, Muecksch F, Finkin S, Viant C, Gaebler C, et al. Enhanced
SARS-CoV-2 neutralization by dimeric IgA. Sci Transl Med 2021;13:eabf1555.
doi:10.1126/scitranslmed.abf1555.

[34] Corthésy B. Multi-faceted functions of secretory IgA at mucosal surfaces. Front
Immunol 2013;4:185. doi:10.3389/fimmu.2013.00185.

[35] Badawi A, Ryoo SG. Prevalence of comorbidities in the Middle East respiratory
syndrome coronavirus (MERS-CoV): a systematic review and meta-analysis. Int
J Infect Dis 2016;49:129-33. doi:10.1016/.ijid.2016.06.015.

[36] Kiyong'a AN, Cook E, Okba NMA, Kivali V, Reusken C, Haagmans BL, et al.
Middle East respiratory syndrome coronavirus (MERS-CoV) seropositive camel
handlers in Kenya. Viruses 2020;12:396. doi:10.3390/v12040396.

[31]

(32]


https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1038/s41467-020-18450-4
https://doi.org/10.1093/infdis/jiaa553
https://doi.org/10.1038/s41586-020-2598-9
https://doi.org/10.1016/j.cell.2020.05.015
https://doi.org/10.1038/s41586-020-2550-z
https://doi.org/10.1126/science.abe1107
https://doi.org/10.1038/s41467-021-23074-3
https://doi.org/10.1016/j.ijid.2021.02.085
https://doi.org/10.1016/j.isci.2022.105105
https://doi.org/10.1172/jci.insight.156372
https://doi.org/10.1126/science.abe1916
https://doi.org/10.1073/pnas.1707304114
http://refhub.elsevier.com/S1201-9712(22)00633-6/sbref0014
https://doi.org/10.2807/1560-7917.ES.2020.25.42.2000685
https://doi.org/10.1080/22221751.2020.1743767
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1371/journal.pone.0146021
https://doi.org/10.1038/s41591-021-01377-8
https://doi.org/10.1016/j.vaccine.2021.12.006
https://doi.org/10.1186/s12916-022-02342-z
https://doi.org/10.4269/ajtmh.20-0474
https://doi.org/10.1126/sciimmunol.abn3127
https://doi.org/10.1016/j.ebiom.2021.103700
https://doi.org/10.1038/s41467-021-22236-7
https://doi.org/10.1093/infdis/jiab333
https://doi.org/10.12688/wellcomeopenres.17661.1
https://doi.org/10.1016/j.ijid.2020.10.104
https://doi.org/10.1126/science.abd3871
https://doi.org/10.1038/s41467-021-24979-9
https://doi.org/10.1016/j.ijid.2021.09.039
https://doi.org/10.1056/NEJMc2209651
https://doi.org/10.1126/scitranslmed.abf1555
https://doi.org/10.3389/fimmu.2013.00185
https://doi.org/10.1016/j.ijid.2016.06.015
https://doi.org/10.3390/v12040396

	Serum immunoglobulin G and mucosal immunoglobulin A antibodies from prepandemic samples collected in Kilifi, Kenya, neutralize SARS-CoV-2 in vitro
	Introduction
	Methods
	Study samples
	Recombinant antigens production
	Enzyme-linked immunosorbent assay (ELISA)
	Pseudo-neutralization assay
	Statistical analysis

	Results
	Discussion
	Declaration of Competing Interest
	Funding
	Ethical approval
	Acknowledgments
	Author contributions
	Supplementary materials
	References


