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Abstract

Antibodies to seasonal human-coronaviruses (SHCoV) may cross-protect against SARS-
CoV2. We investigated antibody responses in biobanked serum obtained before the pandemic
from infants with PCR-confirmed sHCoV. Amongst 141 samples with antibodies to sHCoV,
4(2.8%) were positive for SARS-CoV2-S1 and 8(5.7%) for SARS CoV2-S2. Antibodies to
sHCoV rarely cross-react with SARS-CoV2 antigens and are unlikely to account for mild

pediatric illness.
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Background

Children have been largely spared in the COVID-19 pandemic, developing predominantly
asymptomatic or mild disease.! Globally, children constitute around 8% of infections, less
than 2% of hospitalisations and less than 1% of all COVID-19 associated mortality in high
and low-middle income countries (LMICs).? In South Africa, 9% of infections and <0.1% of
COVID deaths occur in children or adolescents, who comprise more than 30% of the
population.® Although pneumonia remains a major cause of mortality and morbidity in
children in LMICs, risk factors for severe pneumonia such as malnutrition, HIV or

prematurity have also not emerged as risk factors for COVID-19.4

A key knowledge gap is why paediatric disease is relatively mild. One hypothesis is that
cross-protection to SARS-CoV2 may occur from immunity to one of the four seasonal
coronaviruses (SHCoVs; 229E, NL63, OC43 and HKU1), which are common and circulate
seasonally worldwide.>® Recently, individuals, including children, unexposed to SARS-CoV-
2, were reported to have antibodies to the S2 subunit of SARS-CoV2 spike (S) protein from
presumed prior sHCoV infection.” Shared sequence conservation between sHCoVs and
SARS-CoV?2, raises the possibility that immunity against SHCoV may cross-protect against

SARS-CoV2.

We recently reported the epidemiology of sHCoV infection in infants preceding the COVID-
19 pandemic in an African birth cohort, the Drakenstein Child Health study (DCHS).}° By
leveraging this unique dataset and matching biobank of samples, we investigated cross-
reactivity of antibodies induced by PCR-confirmed prior sHCoV infection against SARS-

CoV2.
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Methods

We investigated serological responses to sSHCoVs and to SARS-CoV-2 spike (S) antigen in
biobanked samples collected prior to the pandemic. Samples were collected from infants with
PCR-confirmed sHCoV and age-matched controls without documented sHCoV. Infants
enrolled in the DCHS, a birth cohort study in a low-income community, followed infants
from birth at 6, 10, 14 weeks and 6, 9 and 12 months, during which serum was collected and
biobanked.! Intensive follow-up was done, in a subset who chose to participate, comprising
fortnightly nasopharyngeal sample collection through the first year of life. Active
surveillance for pneumonia, using WHO case definitions, was done. At each pneumonia
episode, a nasopharyngeal swab and a serum sample was taken; convalescent serum was also

obtained 4 to 6 weeks after pneumonia.

Nasopharyngeal swabs from the time of pneumonia and 2 weekly up to 90 days prior to
pneumonia were tested with qPCR to detect sHCoV -229E, -NL63, -OC43, and -HKUL, as
previously described.'? Swabs from age-matched control children without pneumonia in the

cohort, were also tested over the equivalent period.

The study was approved by the Human Research Ethics Committee, Faculty of Health

Sciences University of Cape Town. Mothers provided written informed consent.

Microbiological testing

Nasopharyngeal swabs preserved in PrimeStore nucleic acid preservation medium (Longhorn
Vaccines and Diagnostics, San Antonio, TX, USA), transported on ice and frozen at —80°C
for batch testing. Swabs underwent mechanical lysis on a Tissuelyzer LT (Qiagen, Hilden,

Germany) followed by total nucleic acid extraction (QlAsymphony Virus/Bacteria Mini Kit,
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Qiagen, Hilden, Germany). Quantitative, multiplex, real-time PCR (QPCR) with FTDResp33
(Fast-Track Diagnostics, Esch-sur-Alzet, Luxembourg) identified potential respiratory
pathogens including sHCoV (-NL63, -229E, -OC43, -HKUL1). Standard curves were derived

using standards supplied by the manufacturer.

Antibody measurements

Biobanked serum samples matched to sHCoV-tested nasopharyngeal samples collected at the
time of pneumonia were tested for antibodies. In addition, matched convalescent samples
taken 4-6 weeks after a pneumonia episode were also tested, when available. Serum was
aliquoted, and frozen until batch shipping to the WHO International Reference laboratory for
Pneumococcal Serology at University College London where samples were tested for 1gG to
each of the 4 sHCoV. Samples were also analysed in a multiplexed assay of 1gG to SARS-
CoV2 of Sland S2 and trimeric spike antigen (MSD® SARS-Coronavirus Plate 1, Rockville,
MD) as described, as spike provides the greatest sensitivity and specificity for SARS-CoV-

2_13

Analysis

Data were analysed using STATA 14.1 (STATA Corporation, College Station, TX USA) and
GraphPad Prism version 9.0.2 (GraphPad, San Diego, CA). Data were summarized as
frequencies (percent) if categorical and median (interquartile range (IQR)) if continuous.
Wilcoxon rank-sum test (Mann-Whitney U test), Kruskal-Wallis test and Chi-square or
Fisher’s exact were used for crude comparisons, as appropriate. The antibody titres for

sHCoV, CoV2-S and CoV2-S2 were reported as geometric means (95% CI).

Results
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We identified 42 pneumonia cases positive for sHCoV from whom serum was available at
the time of episode with 33 matched convalescent serum samples at 4-6 weeks after
pneumonia, all collected pre-COVID. These were matched to 39 pneumonia cases negative
for sHCoV, but with other identified organisms. We also included identified 16 samples from
children who were asymptomatic but had SHCoV detected (with matched serum available),
and matched these to 21 samples from asymptomatic children without sHCoV. In total, there
were 151 biobanked serum samples available from 114 children [median age 6 (3.1-7.3)
months]. Four children had more than one episode of pneumonia; the median (IQR) time
between pneumonia episodes was 141 (96-186) days, so each episode was included as an
independent episode. Children with sHCoV-associated pneumonia were younger than those
with asymptomatic sSHCoV infection (median age 4.6 vs 6 months, p=0.010) (see Table,
Supplemental Digital Content 1). OC43 was the commonest sHCoV, occurring in 29

(24.6%), followed by NL63 (14, 11.9%), HKU1 (12, 10.2%) and 229E (4, 3.4%).

Geometric mean (95% CI) 1gG antibody titres for each sHCoV were higher in those who
were PCR positive (at the same time point) for the corresponding sHCoV compared to those
who were negative (Table 1). GMTs were similar in sSHCoV pneumonia cases compared to
asymptomatic SHCoV-positive controls [24.61 (14.40-42.06) vs 33.49 (14.78-75.90) for
OC43, p=0.402; 62.84 (34.43-114.67) vs 42.19 (17.29-102.99) for NL63, p=0.396; 25.64
(14.87-44.21) vs 26.77 (9.52-75.26), p=0.972 for HKU1; 18.44 (11.32-30.03) vs 8.80 (5.20-
14.88) for 229E, p=0.098] (Figure, Supplemental Digital Content 2). Amongst children with
sHCoV-associated pneumonia, there was an increase in GMTSs in matched pneumonia and
convalescent sera [31.88 (10.76-94.42) vs 113.95 (37.67-344.74) for OC43; p=0.098; 60.50

(13.02-281.18) vs 194.57 (89.16-424.60) for NL63, p=0.252; 13.70 (4.13-45.48) vs 90.71
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(29.36-280.27), p=0.024 for HKU1; 61.35 (10.18-369.74) vs 267.87 (10.43-6876.75) for

229E, p=0.248] (Figure, Supplemental Digital Content 3).

Antibodies were specific to each sHCoV, with no cross reactivity across each of the 4
SHCoVs (Table 1). There was no clear pattern of cross reactivity for SARS-CoV2-S1 or S2,
by presence of any sHCoV (Table 1). Amongst 141 samples above the lower limit of
detection for antibodies to a SHCoV, only 4 (2.84%) were positive for SARS-CoV2-S1 while
8 (5.7%) were weakly positive for SARS CoV2-S2 (3 of which were also positive to SARS-

CoV2-S1).

Discussion

This study, using samples collected preceding the COVID-19 pandemic, found that antibody
responses to documented sHCoV infection or disease are robust and specific for each SHCoV
in infants in an African birth cohort. While antibody levels did not differ between infants who
had symptomatic compared to asymptomatic infection, titres increased in convalescence,
following pneumonia. However, little cross reactivity against SARS-CoV2, occurred,
indicating that antibodies to sHCoV are unlikely to cross-protect against COVID-19. The
data on lack of cross-reactivity between different SHCoV also support our previous finding

that infection with different sHCoV occurs within short intervals of each other.1®

Several explanations have been proposed for lower rates of infection and mild disease from
SARS-CoV2 globally in children. These include testing practices with lower case
ascertainment due to asymptomatic or mild disease,* lower expression of angiotensin-

converting-enzyme-2 viral receptor in pediatric compared to adult airway epithelial cells,*
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more robust innate immune responses in children® or induction of trained immunity following
BCG immunization or infection,® that protects against SARS-CoV2 disease. Immunity to
sHCoV with seasonal circulation, has also been hypothesised as a mechanism for

protection.>”

In this study, 1gG antibodies to SHCoVs rarely cross-reacted with SARS-CoV2-S including
the S1 and S2 components. Our findings differ from those recently published in which 1gG
antibodies binding to the S2 component of SARS-CoV2 were detected in some individuals
prior to the pandemic, using a flow cytometry assay.’ Differences in methodology,
populations sampled or interpretation of findings may explain such differences. Only some
individuals were reported to have cross reactivity on flow cytometry (for example only 5 of
34 subjects with confirmed sHCoV infection), compared to our findings of 8 of 114 children
with cross reactivity. Cross reactivity was rare in healthy donor cohorts (occurring only in
16/302; 5.3%) but the highest prevalence of cross reactivity occurred in donors 6 -16 yrs. A
strength of our study is that infants had PCR-confirmed sHCoV infection prior to the
pandemic, and cross reactivity was assessed both at the time of disease and 4 to 6 weeks after
when titres increased. It is possible that cross reactivity may occur following several
infections, and therefore occur later in childhood. Further, pre-existing cross-reactive cellular
T cell immune responses to SARS-CoV2, presumably due to prior infection with sHCoV,
have been demonstrated in some studies, and may provide a different mechanism for

protection against SARS-CoV2.5 1617

A limitation of this study is that serological responses to SHCoV were investigated only
during the first year of life; however, this age group has the highest incidence of childhood

pneumonia and respiratory infections, as previously shown.*? Another limitation is that T-cell



O©CoO~NOOOTA~AWNPE

responses were not evaluated. Strengths are strong surveillance for pneumonia,® PCR
confirmation of SHCoV episodes, matching antibody measurements including convalescent

sera, and the inclusion of a matched control group in a LMIC population-based cohort.

In summary, while sHCoV infections were common and associated with robust antibody
responses in infants, minimal cross reactivity against SARS-CoV2 spike antigen was
detected. Antibodies to SHCoV are unlikely to provide substantial cross protection against
COVID-19, but other mechanisms such as cross-reactive cellular immune responses may be

important in ameliorating disease in children.
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Table

Table 1. Antibody titres in children by PCR-positive sSHCoV and cross reactivity to SARS-CoV-S (S1, S2)

229E PCR OC43 PCR HKU1 PCR NL63 PCR

Positive Negative P Positive ~ Negative P Positive  Negative P Positive  Negative P
n=4 n=114 n=29 n=89 n=12 n=106 n=14 n=104

229E 61.35 1440  0.026  14.68 1528  0.645 891 16.06 0277 1529 1511  0.724
1gG (10.18- (11.09- (8.11- (11.42- (5.94- (12.00- (5.93- (11.51-
369.74) 18.71) 26.58) 20.44) 13.36) 21.34) 39.40) 19.83)

0C43 13.57 2421 0550 56.24 17.93 0001  14.60 2508  0.233  14.69 2533  0.181
IgG (1.98- (17.92- (29.90-  (13.08- (5.69- (18.36- (5.77- (18.54-
93.05) 32.71) 105.76)  24.57) 37.48) 3427) 37.40) 34.60)

HKU1 13.32 2339 0549  30.77 20.86  0.331  44.25 2131 0208 1711 2387  0.395
IgG (1.64- (17.16- (15.17-  (14.93- (12.42-  (15.63- (6.60- (1728-
108.38)  31.89) 62.41)  29.13) 157.63)  29.04) 4435 37.99)

NL63 176.67 5466  0.173  33.11 67.85  0.054  55.00 57.10  0.936  106.22 5229  0.167
IgG (24.55- (38.78- (15.95-  (46.53- (21.07-  (39.74- (34.25-  (36.72-
1271.48) 77.05) 68.76) 98.94) 14357)  82.03) 329.37)  74.48)



SARS- 0.54 (0.54- 0.56 0.744 0.59 0.55 0.084 0.62 0.55 0.170 0.54 0.56 0.522

CoV2- 0.54) (0.54- (0.52- (0.54- (0.47- (0.54- (0.54- (0.54-
S119G 0.58) 0.67) 0.56) 0.81) 0.57) 0.54) 0.58)
SARS-  8.16(L72-  11.04 0583 1241 10.48  0.667 2185 1010  0.078  8.44 1131 0.489
CoV2- 38.73) (8.86- (7.24- (8.33- (6.73- (8.24- (5.37- (8.93-
S219G 13.75) 21.26) 13.19) 70.98)  12.38) 13.28)  14.33)

Footnote: results are geometric means (95% CI); bolded values show comparison of antibody levels for specific SHCoV by PCR positivity for that sHCoV

Abbreviations: sHCoV= seasonal human coronaviruses; SARS-CoV2-S = SARS-CoV2-spike; PCR = polymerase chain reaction

13
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Supplementary Table 1. Characteristics of episodes by sHCoV

All Pneumonia Pneumonia Asymptomatic Asymptomatic  P-value
sHCoV sHCoV sHCoV sHCoV
PCR- PCR- PCR-positive ~ PCR-negative
positive negative
N (%) 118 42 (35.6) 39 (33.0) 16 (13.6) 21 (17.8)
Median 6.0 4.6 (2.8- 4.6 (2.8- 6.1(6.0-11.3) 6.0 (6.0-11.3) 0.010
(IQR) age, (3.1- 7.3) 7.3)
months 7.4)
Male 68 26 (61.6) 28 (71.8) 6 (37.5) 8(38.1) 0.024
(57.6)
<37 wks. 12 8(19.1) 1(2.6) 0 (0.00 3(14.3) 0.040
gestation (10.2)
HIV exposed 28 11(26.2) 10 (25.6) 3(18.8) 4(19.1) 0.875
(23.7)
0C43 29 21 (50.0) 0(0.0) 8 (50.0) 0 (0.0) <0.001
(24.6)
229E 4 (3.4) 4 (9.5) 0(0.0) 0(0.0) 0(0.0) 0.058
HKU1 12 8 (19.1) 0(0.0) 4 (25.0) 0(0.0) 0.003
(10.2)
HL63 14 10 (23.8) 0(0.0) 4 (25.0) 0(0.0) 0.001
(11.9)

Abbreviations: sHCoV= seasonal human coronaviruses; PCR = polymerase chain reaction; IQR = interquartile
range

All values are n (%) unless otherwise indicated

14
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Supplementary Figure 2. Antibody IgG titres in PCR-positive sHCoV pneumonia cases and
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(i) it has the right and power to enter into this
Agreement, to grant the rights and licenses granted pursuant
to this Agreement, and to perform all of its other obligations

contained in this Agreement;

(i) it has not previously assigned, transferred or

otherwise encumbered the rights or licenses granted

pursuant to this Agreement; and that the person executing
this Agreement on the Author's behalf is authorized to do

SO,

(iii) the Work and the licenses granted herein do not
and will not infringe upon, violate or misappropriate any
intellectual property rights or any other proprietary right,

contract or other right or interest of any third party;

(iv) if the Work is a multi-authored Work, the Author
has obtained written permission from each author of the
Work to enter into this Agreement on behalf such author,
and each such author has read, understands and has agreed

to the terms of this Agreement; and

v) the Author has obtained any necessary releases
and permissions to quote from other sources in the Work
and to include any works and materials in the Work and all

such releases and permissions are in full force and effect.

b. The Author hereby indemnifies the Publisher and its
directors, officers, employees, agents, and representatives
and agrees to defend and hold them harmless from and
against any and all liability, damage, loss, costs or expenses
(including reasonable attorney's fees and costs of settlement)
incurred by any such party arising out of, or relating to any
misrepresentation in, or breach or alleged breach of the
Author's representations or warranties in this Agreement. If
the Author fails to promptly or diligently pursue any defense
of any indemnified party, the indemnified parties, or any of
them, may assume such defense at the Author's expense.
The obligations of this indemnification will survive any

termination or expiration of this Agreement.

¢. The Publisher represents and warrants that it has the right
and power to enter into this Agreement and to perform its
obligations contained in this Agreement, and that the person
executing this Agreement on the Publisher's behalf is

authorized to do so.



d. The Publisher hereby indemnifies the Author and agrees
to defend and hold the Author harmless from and against
any and all liability, damage, loss, costs or expenses
(including reasonable attorney's fees and costs of settlement)
incurred by the Author arising out of, or relating to any
misrepresentation in, or breach or alleged breach of the
Publisher’'s representations or warranties in this Agreement.
If the Publisher fails to promptly or diligently pursue any
defense of the Author, the Author may assume such defense
at the Publisher's expense.  The obligations of this
indemnification will survive any termination or expiration of

this Agreement.

e. EXCEPT AS OTHERWISE SET FORTH IN THIS AGREEMENT,
NEITHER PARTY MAKES ANY OTHER, AND HEREBY
DISCLAIMS ~ ALL  OTHER,  REPRESENTATIONS  AND
WARRANTIES OF ANY KIND, WHETHER EXPRESS, IMPLIED,
STATUTORY OR OTHERWISE, INCLUDING, WITHOUT
LIMITATION, WARRANTIES OF TITLE, MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, NONINFRINGEMENT,
OR THE ABSENCE OF LATENT OR OTHER DEFECTS,
ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS,
WHETHER OR NOT DISCOVERABLE.

f. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW,
IN NO EVENT WILL EITHER PARTY BE LIABLE TO THE OTHER
PARTY BASED UPON ANY LEGAL THEORY FOR ANY SPECIAL,
INCIDENTAL, CONSEQUENTIAL, PUNITIVE, OR EXEMPLARY
DAMAGES ARISING OUT OF THIS LICENSE OR THE USE OF
THE WORK, EVEN IF A PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

3. Creative Commons License.
Creative Commons Licenses are subject to items selected in

item 1, 2 and 3 in the Schedule B.

a. CCBY-NC-ND - NonCommercial-NonDerivitives Creative

Commons License

The Author acknowledges and agrees that the Work will be
published by the Publisher in (the “Journal”) and made freely
available to users under the terms of the Attribution-
NonCommercial-NoDerivs 4.0 Creative Commons License, as
currently displayed at
http://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

(the "CC BY-NC-ND"). The Author acknowledges and agrees

that that Publisher is the exclusive “Licensor”, as defined in
the CC BY-NC-ND, of the Work and that the Publisher may
make the Work freely available to all users under the terms
of the CC BY-NC-ND.

b. CCBY — Creative Commons License

The Author acknowledges and agrees that the Work will be
published by the Publisher in (the “Journal”) and made freely
available to users under the terms of the Attribution 4.0
Creative Commons License, as currently displayed at
http://creativecommons.org/licenses/by/4.0/legalcode (the
"CC BY"). The Author acknowledges and agrees that that

Publisher is the exclusive “Licensor”, as defined in the CC BY,
of the Work and that the Publisher may make the Work

freely available to all users under the terms of the CC BY.

c. CCBY-NC — NonCommercial Creative Commons License

The Author acknowledges and agrees that the Work will be
published by the Publisher in (the “Journal”) and made freely

available to users under the terms of the Attribution-
NonCommercial 4.0 Creative Commons License, as currently
displayed at http://creativecommons.org/licenses/by-
nc/4.0/legalcode  (the “CC  BY-NC"). The  Author
acknowledges and agrees that that Publisher is the exclusive
“Licensor”, as defined in the CC BY-NC, of the Work and that
the Publisher may make the Work freely available to all users

under the terms of the CC BY-NC.

4. Royalties.

The Author acknowledges and agrees that this Agreement
entitles the Author to no royalties or fees. To the maximum
extent permitted by law, the Author waives any and all rights
the Author may have to collect royalties or other fees in
relation to the Work or in respect of any use of the Work by

the Publisher or its sublicensees.

5. Miscellaneous.

a. Assignment. This Agreement may not be assigned or
transferred, in whole or in part, by either party without the
prior written consent of the other party. Notwithstanding
the above, the Publisher may assign this Agreement without
the written consent of the Author (i) to an entity succeeding,

whether by sale, merger or other corporate reorganization,



to substantially all of the Publisher's assets and business
activity, or (ii) to a corporation or organization that obtains
the right to publish the Journal from the Publisher. The
Publisher may assign this Agreement to any of its affiliates.
This Agreement will be binding upon and inure to the
benefit of the parties hereto and their respective successors
and permitted assigns.

b. Counterparts. This Agreement may be executed in two or
more counterparts, each of which shall be deemed an
original, but all of which together shall constitute one and
the same document.  Facsimile or Portable Document
Format (PDF) signatures will be deemed original signatures

for purposes of this Agreement.

c. Entire Agreement; Amendment. This Agreement sets forth
the entire agreement of the parties on the subject hereof
and supersedes all previous or contemporaneous oral or
written representations or agreements relating to the rights
and duties provided herein, and may not be modified or

amended except by written agreement of the parties.

d. Force Majeure. Neither party shall be liable for any
default or delay on its part in performing any obligation
under this Agreement if such default or delay is caused by
natural disaster, accident, war, civil disorder, strike or any
other cause beyond the reasonable control of such party. In
the event that either party is prevented by such an
occurrence or circumstance for a period of more than ninety
(90) days from fulfilling its obligations under this Agreement,
the other party may terminate this Agreement upon thirty

(30) days' written notice.

e. Governing Law. This Agreement shall be governed in all
respects according to the laws of the State of New York
without giving effect to the principles of conflict of law

thereof.

f. Headings. All headings are for reference purposes only
and shall not affect the meaning or interpretation of any

provision hereof.

g. Severability. If any provision of this Agreement is held to
be illegal, invalid, or unenforceable under the present or
future laws, then such provision shall be revised by a court
of competent jurisdiction to be enforceable if permitted
under applicable law, and otherwise shall be fully severable.
In any event, this Agreement shall be construed and
enforced as if such illegal, invalid, or unenforceable provision
had never comprised a part of this Agreement, and the
remaining provisions of this Agreement shall remain in full
force and effect and shall not be affected by the illegal,
invalid, or unenforceable provision or by its severance from

this Agreement.

h. Status of the Parties. The parties are independent
contractors. Nothing in this Agreement is intended to or
shall be construed to constitute or establish any agency,
joint venture, partnership or fiduciary relationship between
the parties, and neither party has the right or authority to
bind the other party nor shall either party be responsible for

the acts or omissions of the other.

i. Waiver; Amendment. The waiver by either party of or the
failure by either party to claim a breach of any provision of
this Agreement shall not be, or be held to be, a waiver of
any subsequent breach or affect in any way the further
effectiveness of any such provision. No term or condition of
this Agreement may be waived except by an agreement by

the parties in writing.

j. Waiver of Jury Trial. EACH PARTY HEREBY WAIVES ITS
RIGHT TO A JURY TRIAL IN CONNECTION WITH ANY
DISPUTE OR LEGAL PROCEEDING ARISING OUT OF THIS
AGREEMENT OR THE SUBJECT MATTER HEREOF.
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Background

Children have been largely spared in the COVID-19 pandemic, developing predominantly
asymptomatic or mild disease.! Globally, children constitute around 8% of infections, less
than 2% of hospitalisations and less than 1% of all COVID-19 associated mortality in high
and low-middle income countries (LMICs).? In South Africa, 9% of infections and <0.1% of
COVID deaths occur in children or adolescents, who comprise more than 30% of the
population.® Although pneumonia remains a major cause of mortality and morbidity in
children in LMICs, risk factors for severe pneumonia such as malnutrition, HIV or

prematurity have also not emerged as risk factors for COVID-19.4

A key knowledge gap is why paediatric disease is relatively mild. One hypothesis is that
cross-protection to SARS-CoV2 may occur from immunity to one of the four seasonal
coronaviruses (SHCoVs; 229E, NL63, OC43 and HKU1), which are common and circulate
seasonally worldwide.>® Recently, individuals, including children, unexposed to SARS-CoV-
2, were reported to have antibodies to the S2 subunit of SARS-CoV2 spike (S) protein from
presumed prior sHCoV infection.” Shared sequence conservation between sHCoVs and
SARS-CoV?2, raises the possibility that immunity against SHCoV may cross-protect against

SARS-CoV2.

We recently reported the epidemiology of sHCoV infection in infants preceding the COVID-
19 pandemic in an African birth cohort, the Drakenstein Child Health study (DCHS).}° By
leveraging this unique dataset and matching biobank of samples, we investigated cross-
reactivity of antibodies induced by PCR-confirmed prior sHCoV infection against SARS-

CoV2.



Methods

We investigated serological responses to sSHCoVs and to SARS-CoV-2 spike (S) antigen in
biobanked samples collected prior to the pandemic. Samples were collected from infants with
PCR-confirmed sHCoV and age-matched controls without documented sHCoV. Infants
enrolled in the DCHS, a birth cohort study in a low-income community, followed infants
from birth at 6, 10, 14 weeks and 6, 9 and 12 months, during which serum was collected and
biobanked.! Intensive follow-up was done, in a subset who chose to participate, comprising
fortnightly nasopharyngeal sample collection through the first year of life. Active
surveillance for pneumonia, using WHO case definitions, was done. At each pneumonia
episode, a nasopharyngeal swab and a serum sample was taken; convalescent serum was also

obtained 4 to 6 weeks after pneumonia.

Nasopharyngeal swabs from the time of pneumonia and 2 weekly up to 90 days prior to
pneumonia were tested with qPCR to detect sHCoV -229E, -NL63, -OC43, and -HKUL, as
previously described.'? Swabs from age-matched control children without pneumonia in the

cohort, were also tested over the equivalent period.

The study was approved by the Human Research Ethics Committee, Faculty of Health

Sciences University of Cape Town. Mothers provided written informed consent.

Microbiological testing

Nasopharyngeal swabs preserved in PrimeStore nucleic acid preservation medium (Longhorn
Vaccines and Diagnostics, San Antonio, TX, USA), transported on ice and frozen at —80°C
for batch testing. Swabs underwent mechanical lysis on a Tissuelyzer LT (Qiagen, Hilden,

Germany) followed by total nucleic acid extraction (QlAsymphony Virus/Bacteria Mini Kit,



Qiagen, Hilden, Germany). Quantitative, multiplex, real-time PCR (QPCR) with FTDResp33
(Fast-Track Diagnostics, Esch-sur-Alzet, Luxembourg) identified potential respiratory
pathogens including sHCoV (-NL63, -229E, -OC43, -HKUL1). Standard curves were derived

using standards supplied by the manufacturer.

Antibody measurements

Biobanked serum samples matched to sHCoV-tested nasopharyngeal samples collected at the
time of pneumonia were tested for antibodies. In addition, matched convalescent samples
taken 4-6 weeks after a pneumonia episode were also tested, when available. Serum was
aliquoted, and frozen until batch shipping to the WHO International Reference laboratory for
Pneumococcal Serology at University College London where samples were tested for 1gG to
each of the 4 sHCoV. Samples were also analysed in a multiplexed assay of 1gG to SARS-
CoV2 of Sland S2 and trimeric spike antigen (MSD® SARS-Coronavirus Plate 1, Rockville,
MD) as described, as spike provides the greatest sensitivity and specificity for SARS-CoV-

2_13

Analysis

Data were analysed using STATA 14.1 (STATA Corporation, College Station, TX USA) and

GraphPad Prism version 9.0.2 (GraphPad, San Diego, CA). Data were summarized as

frequencies (percent) if categorical and median (interquartile range (IQR)) if continuous.
Wilcoxon rank-sum test (Mann-Whitney U test), Kruskal-Wallis test and Chi-square or
Fisher’s exact were used for crude comparisons, as appropriate. The antibody titres for

sHCoV, CoV2-S and CoV2-S2 were reported as geometric means (95% CI).

Results



We identified 42 pneumonia cases positive for sHCoV from whom serum was available at
the time of episode with 33 matched convalescent serum samples at 4-6 weeks after
pneumonia, all collected pre-COVID. These were matched to 39 pneumonia cases negative
for sHCoV, but with other identified organisms. We also included identified 16 samples from
children who were asymptomatic but had SHCoV detected (with matched serum available),
and matched these to 21 samples from asymptomatic children without sHCoV. In total, there
were 151 biobanked serum samples available from 114 children [median age 6 (3.1-7.3)
months]. Four children had more than one episode of pneumonia; the median (IQR) time
between pneumonia episodes was 141 (96-186) days, so each episode was included as an
independent episode. Children with sHCoV-associated pneumonia were younger than those
with asymptomatic sSHCoV infection (median age 4.6 vs 6 months, p=0.010) (see Table,
Supplemental Digital Content 1). OC43 was the commonest sHCoV, occurring in 29

(24.6%), followed by NL63 (14, 11.9%), HKU1 (12, 10.2%) and 229E (4, 3.4%).

Geometric mean (95% CI) 1gG antibody titres for each sHCoV were higher in those who
were PCR positive (at the same time point) for the corresponding sHCoV compared to those
who were negative (Table 1). GMTs were similar in sSHCoV pneumonia cases compared to
asymptomatic SHCoV-positive controls [24.61 (14.40-42.06) vs 33.49 (14.78-75.90) for
OC43, p=0.402; 62.84 (34.43-114.67) vs 42.19 (17.29-102.99) for NL63, p=0.396; 25.64
(14.87-44.21) vs 26.77 (9.52-75.26), p=0.972 for HKU1; 18.44 (11.32-30.03) vs 8.80 (5.20-
14.88) for 229E, p=0.098] (Figure, Supplemental Digital Content 2). Amongst children with
sHCoV-associated pneumonia, there was an increase in GMTs in matched pneumonia and
convalescent sera [31.88 (10.76-94.42) vs 113.95 (37.67-344.74) for OC43; p=0.098; 60.50

(13.02-281.18) vs 194.57 (89.16-424.60) for NL63, p=0.252; 13.70 (4.13-45.48) vs 90.71



(29.36-280.27), p=0.024 for HKU1; 61.35 (10.18-369.74) vs 267.87 (10.43-6876.75) for

229E, p=0.248] (Figure, Supplemental Digital Content 3).

Antibodies were specific to each sHCoV, with no cross reactivity across each of the 4
SHCoVs (Table 1). There was no clear pattern of cross reactivity for SARS-CoV2-S1 or S2,
by presence of any sHCoV (Table 1). Amongst 141 samples above the lower limit of
detection for antibodies to a SHCoV, only 4 (2.84%) were positive for SARS-CoV2-S1 while
8 (5.7%) were weakly positive for SARS CoV2-S2 (3 of which were also positive to SARS-

CoV2-S1).

Discussion

This study, using samples collected preceding the COVID-19 pandemic, found that antibody
responses to documented sHCoV infection or disease are robust and specific for each SHCoV
in infants in an African birth cohort. While antibody levels did not differ between infants who
had symptomatic compared to asymptomatic infection, titres increased in convalescence,
following pneumonia. However, little cross reactivity against SARS-CoV2, occurred,
indicating that antibodies to sHCoV are unlikely to cross-protect against COVID-19. The
data on lack of cross-reactivity between different SHCoV also support our previous finding

that infection with different sHCoV occurs within short intervals of each other.1®

Several explanations have been proposed for lower rates of infection and mild disease from
SARS-CoV2 globally in children. These include testing practices with lower case
ascertainment due to asymptomatic or mild disease,* lower expression of angiotensin-

converting-enzyme-2 viral receptor in pediatric compared to adult airway epithelial cells,*



more robust innate immune responses in children® or induction of trained immunity following
BCG immunization or infection,’ that protects against SARS-CoV2 disease. Immunity to
etreulating- sSHCoV with seasonal hieh-circulatione-seasenathy, has also been hypothesised as

a mechanism for protection.>”’

In this study, 1gG antibodies to SHCoVs rarely cross-reacted with SARS-CoV2-S including
the S1 and S2 components. Our findings differ from those recently published in which 1gG
antibodies binding to the S2 component of SARS-CoV2 were detected in some individuals
prior to the pandemic, using a flow cytometry assay.’ Differences in methodology,
populations sampled or interpretation of findings may explain such differences. Only some
individuals were reported to have cross reactivity on flow cytometry (for example only 5 of
34 subjects with confirmed sHCoV infection), compared to our findings of 8 of 114 children
with cross reactivity. Cross reactivity was rare in healthy donor cohorts (occurring only in
16/302; 5.3%) but the highest prevalence of cross reactivity occurred in donors 6 -16 yrs. A
strength of our study is that infants had PCR-confirmed sHCoV infection prior to the
pandemic, and cross reactivity was assessed both at the time of disease and 4 to 6 weeks after
when titres increased. It is possible that cross reactivity may occur following several
infections, and therefore occur later in childhood. Further, pre-existing cross-reactive cellular
T cell immune responses to SARS-CoV2, presumably due to prior infection with sHCoV,
have been demonstrated in some studies, and may provide a different mechanism for

protection against SARS-CoV2.5 1617

A limitation of this study is that serological responses to SHCoV were investigated only
during the first year of life; however, this age group has the highest incidence of childhood

pneumonia and respiratory infections, as previously shown.*? Another limitation is that T-cell



responses were not evaluated. Strengths are strong surveillance for pneumonia,® PCR
confirmation of SHCoV episodes, matching antibody measurements including convalescent

sera, and the inclusion of a matched control group in a LMIC population-based cohort.

In summary, while sHCoV infections were common and associated with robust antibody
responses in infants, minimal cross reactivity against SARS-CoV2 spike antigen was
detected. Antibodies to SHCoV are unlikely to provide substantial cross protection against
COVID-19, but other mechanisms such as cross-reactive cellular immune responses may be

important in ameliorating disease in children.
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