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ABSTRACT

Objective: Uganda has registered fewer coronavirus disease 2019 (COVID-19) cases and deaths per capita
than Western countries. The lower numbers of cases and deaths might be due to pre-existing cross-
immunity induced by circulating common cold human coronaviruses (HCoVs) before the COVID-19 pan-
demic. To investigate pre-existing mucosal antibodies against severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2), the causative agent of COVID-19, a comparison was performed of IgA reactivity to
SARS-CoV-2 and HCoVs in milk from mothers collected in 2018.

Methods: Ugandan and United States milk samples were run on an ELISA to measure specific IgA to
SARS-CoV-2 and HCoVs NL63, 0C43, HKU1, and 229E spike proteins. Pooled plasma from United States
SARS-CoV-2-positive and negative cases were positive and negative controls, respectively.

Results: One Ugandan mother had high milk IgA reactivity against all HCoVs and SARS-CoV-2 spike pro-
teins. Ugandan mothers had significantly higher IgA reactivity against the betacoronavirus HCoV-OC43
than United States mothers (P = 0.018). By contrast, United States mothers had significantly higher IgA
reactivity against the alphacoronaviruses HCoV-229E and HCoV-NL63 than Ugandan mothers (P < 0.0001
and P = 0.035, respectively).

Conclusion: Some Ugandan mothers have pre-existing HCoV-induced IgA antibodies against SARS-CoV-2,
which may be passed to infants via breastfeeding.

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has spread worldwide, causing more than 177 100 000 coronavirus
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disease 2019 (COVID-19) cases by June 18, 2021 (World Health Or-
ganization, 2021). Uganda, like other African countries, has regis-
tered fewer COVID-19 cases and deaths per capita than non-African
countries (World Health Organization, 2021). The lower numbers
of cases and deaths in Africa by comparison with those in Western
countries might be partly due to cross-immunity induced by circu-
lating common cold human coronaviruses (HCoVs) (Doshi, 2020).
The HCoVs 229E, NL63, 0C43, and HKU1 share high sequence
similarity with SARS-CoV-2 proteins (Kaur et al., 2020), cause
mild upper respiratory tract infections (common cold) (van der
Hoek, 2007), and induce cross-reacting antibodies and T cells to
SARS-CoV-2 in people never exposed to SARS-CoV-2 (Ng et al.,
2020; Saletti et al., 2020). HCoV-induced antibodies with SARS-
CoV-2 neutralizing activity targeting the S2 subunit of the SARS-
CoV-2 spike protein were found to be present in pre-pandemic
samples of 21/48 (44 %) children and 16/302 (5.3%) adults from the
UK never exposed to SARS-CoV-2 (Ng et al., 2020). A Dutch study
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similarly demonstrated pre-existing HCoV-specific T cells in young
but not older adults (Saletti et al., 2020). Notably, the prevalence
of HCoV-induced cross-reactive antibodies in pre-pandemic sub-
Saharan African sera was 6-8-fold higher when compared with
United States pre-pandemic sera (Tso et al., 2021). These find-
ings support the premise that systemic cross-immunity induced by
HCoVs partly explains the lower numbers of COVID-19 cases and
deaths in younger individuals in general and in Africa as a geo-
graphical region. However, there is a paucity of studies on pre-
existing cross-reactive mucosal immunity against SARS-CoV-2.

Mucosal immunity is predominantly effected by IgA and secre-
tory IgA (IgA/sIgA) and IgM and secretory IgM (IgM/sIgM) at mu-
cosal surfaces such as the gastrointestinal and reproductive tracts,
lungs, tears, saliva, and breast milk (Brandtzaeg et al., 2010). There
is increasing evidence of a robust mucosal immunity against SARS-
CoV-2 (Russell et al., 2020). IgA antibody responses to SARS-CoV-2
have been reported in nasal fluids, tears, and saliva, while elevated
IgA-secreting plasmablasts expressing the mucosal chemokine re-
ceptor CCR10 have been reported in peripheral blood of SARS-
CoV-2-infected individuals (Isho et al., 2020; Cervia et al., 2021;
Sterlin et al,, 2021). CCR10 and its ligand CCL28 are uniquely in-
volved in mucosal immunity (Xiong et al., 2012; Morteau et al.,
2008).

Breast milk provides a unique window on mucosal immunity in
mothers and provides protection against a legion of pathogens in
infants (Le Doare et al., 2018). There is evidence that IgA antibodies
are robustly induced by natural SARS-CoV-2 and HCoV infections
and various COVID-19 vaccines. First, several studies have demon-
strated IgA antibodies against SARS-CoV-2 in the breast milk of
mothers with COVID-19 (Pace et al., 2021; Demers-Mathieu et al.,
2021a; Fox et al., 2020a). The reported breast milk antibody iso-
types include IgA/sigA, IgM/slgM, and IgG, with IgA being the
predominant antibody (Pace et al., 2021; Demers-Mathieu et al.,
2021a; Fox et al., 2020a; Zhu et al., 2021). Second, COVID-19
vaccination has been rolled out in several countries, and re-
cently published reports have indicated that vaccination induces
robust IgA and IgG antibody responses with neutralizing activity
in breast milk, which may confer protection to breastfeeding in-
fants (Collier et al., 2021; Perl et al., 2021; Shlomai et al., 2021;
Gray et al,, 2021). Finally, experimental infection with HCoV-229E
was found to induce protective IgA antibodies, which reduced virus
shedding in human volunteers (Callow, 1985).

The current limited access to COVID-19 vaccines in Africa has
left millions of mothers and their infants vulnerable to SARS-CoV-
2 infection and COVID-19-related illnesses. Protection for these
mother-infant pairs may therefore depend in the interim on pre-
existing cross-reactive mucosal immunity acquired by mothers be-
fore the pandemic. There is a dearth of information about pre-
existing cross-reactive mucosal immunity induced by HCoVs. Two
United States studies reported the presence of cross-reactive breast
milk antibodies against HCoVs in United States pre-pandemic
breast milk samples that recognize SARS-CoV-2 (Pace et al., 2021;
Demers-Mathieu et al., 2021b). Pre-existing immunity in breast-
feeding mothers might provide temporary protection against se-
vere COVID-19 illness (Sagar et al., 2021) or reduce the duration of
COVID-19 symptoms (Gouma et al., 2021) in mother-infant dyads
with no immediate access to COVID-19 vaccines. This is partic-
ularly relevant to sub-Saharan African countries where COVID-19
vaccination rollout is expected to be slow due to limited vac-
cine supplies and vaccine hesitancy, which must be overcome
(Wirsiy et al., 2021).

It appears that no study has investigated the presence of cross-
reactive IgA antibodies against the spike (S) proteins of SARS-CoV-
2 and HCoVs in pre-pandemic breast milk samples collected in
Africa prior to 2019. This study was performed to test the hy-
pothesis that breastfeeding rural Ugandan mothers who have never
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been exposed to SARS-CoV-2 have pre-existing cross-reactive IgA
antibodies induced by endemic HCoVs that might be passed to
infants via breast milk. Therefore IgA antibodies against the S
proteins of SARS-CoV-2 and the four HCoVs 229E, NL63, 0C43,
and HKU1 were measured in pre-pandemic Ugandan milk samples
collected in March 2018 before the emergence of the COVID-19
pandemic. IgA antibody responses in pre-pandemic Ugandan and
United States breast milk samples were also compared to gauge
differences in pre-existing cross-reactive mucosal immunity be-
tween the two study populations before the pandemic. The find-
ings of this study support the hypothesis that breastfeeding Ugan-
dan mothers who have never been exposed to SARS-CoV-2 may
have pre-existing HCoV-induced IgA antibodies in milk that might
be transferred to infants via breastfeeding.

2. Methods
2.1. Study samples

A cross-sectional study examining various breast milk parame-
ters in a cohort of breastfeeding mother-infant dyads was under-
taken in March 2018. The study was part of a larger malaria study
that was reviewed and approved by the Research Ethics Committee
of the Vector Control Division, Ministry of Health and the Uganda
National Council for Science and Technology. The study was con-
ducted at the Med Biotech Laboratories research clinic at St. Anne
Health Center III in Usuk Subcounty, Katakwi District, in North-
eastern Uganda. The study population comprised mothers with a
mean age of 26 years (range 16-40 years) who were breastfeed-
ing at the time of the study. Inclusion criteria were (1) willingness
to donate breast milk; (2) age 18 years and above. The sole exclu-
sion criterion was clinical suspicion or evidence of mastitis in one
or both breasts. Details about these mothers have been published
previously (Owalla et al.,, 2020). United States samples were col-
lected in 2018-2019 in New York, NY from healthy women with a
mean age of 34 years (range 21-44 years) as part of studies related
to influenza and HIV under approved Ichan School of Medicine at
Mount Sinai IRB protocols. All donors provided written informed
consent.

2.2. Milk collection

For Ugandan samples, breast milk was collected manually
with the assistance of a lactation nurse, as described previously
(Slusher et al., 2012). Briefly, the skin around the areola and nip-
ple was cleaned with an alcohol swab, the breast gently massaged,
and 5-ml milk samples were manually expressed into 50-ml Fal-
con tubes, which were immediately plunged into dry ice. The milk
samples were transported to the laboratory in Kampala where they
were aliquoted and stored at —20 °C until shipped on dry ice to the
United States. For United States samples, participants were asked
to collect milk into a clean container using an electronic or man-
ual pump at home. The milk was frozen in the participants’ home
freezers until samples were picked up by researchers and trans-
ferred on ice to the Mount Sinai Hospital, where they were stored
at —80 °C until testing.

2.3. Enzyme-linked immunosorbent assay (ELISA)

The levels of SARS-CoV-2 and HCoV antibodies in human milk
were examined using a modified ELISA that was recently devel-
oped and validated for use on blood serum/plasma (Amanat et al.,
2020; Stadlbauer et al., 2020); this assay has been success-
fully adapted for use with human milk (Fox et al., 2020). The
antigens were the spike protein of SARS-CoV-2 and the S1 do-
main of HCoV-HKU1, HCoV-0C43, HCoV-229E, and HCoV-NL63.
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SARS-CoV-2 spike protein was prepared as described previously
(Stadlbauer et al., 2020). HCoV antigens were purchased from Sino
Biological Company; details of their preparations are given on the
company website (https://www.sinobiological.com/recombinant-
proteins/hcov-oc43-cov-spike-40607-vO8h1;
https://www.sinobiological.com/recombinant-
proteins/hcov-hkul-cov-spike-40021-v08h;
https://www.sinobiological.com/recombinant-
proteins/hcov-nl63-cov-spike-40600-v08h;
https://www.sinobiological.com/recombinant-proteins/hcov-229e-
cov-spike-40601-v08h). The recombinant antigens were His-tagged
and purified to homogeneity as confirmed by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The recom-
binant antigens were diluted in phosphate buffered saline (PBS),
coated onto microtiter plates overnight at 4 °C at a concentration
of 50 ng/well, and used within 24 h. Briefly, before antibody
testing, milk samples were thawed, centrifuged at 800 g for 15
min at room temperature, fat was removed, and the supernatant
was transferred to a new tube. Centrifugation was repeated twice
to ensure the removal of all cells and fat. Skimmed acellular milk
was aliquoted and frozen at —80 °C until testing. Both Ugandan
and United States pre-pandemic milk samples were tested in
duplicate, measuring IgA against the full trimeric spike protein
of SARS-CoV-2, or the S1 domain of HCoV-HKU1, HCoV-0C43,
HCoV-229E, or HCoV-NL63. Due to the limited availability of
Ugandan samples, milk was used diluted 1 in 10 and titrated
2.5-fold in 1% bovine serum albumin (BSA)/PBS and added to the
plate. Negative controls were wells without antigen, secondary
antibody, or milk. Pooled milk or sera from SARS-CoV-2-positive
or negative cases were also employed as positive and negative
controls for assay-to-assay consistency. The plates were incubated
at 4 °C overnight, washed in 0.1% Tween 20/PBS (PBS-T), and
blocked in PBS/3% goat serum/0.5% milk powder/3.5% PBS-T for 1
h at room temperature. After 2 h incubation at room temperature,
the plates were washed and incubated for 1 h at room tempera-
ture with horseradish peroxidase-conjugated goat anti-human-IgA
(Rockland) diluted in 1% BSA/PBS. The plates were developed
with 3,3/,5,5'-tetramethylbenzidine (TMB) reagent, followed by
2 N hydrochloric acid (HCl), and read at 450 nm on a BioTek
PowerWave HT plate reader.

2.4. Data analysis

Endpoint dilution titers were determined from log-transformed
titration curves using four-parameter non-linear regression and an
optical density (OD) cutoff value of 1.0. Endpoint dilution posi-
tive cutoff values were determined as above. The Mann-Whitney
U-test was used to determine whether the grouped Ugandan and
United States pre-pandemic milk samples differed in terms of spe-
cific reactivity to a given antigen. Pearson correlation tests were
performed to compare SARS-CoV-2 and HCoV reactivity. An out-
lier analysis was performed using Grubbs’ test. All statistical tests
were performed in GraphPad Prism and were two-tailed; the sig-
nificance level was set at a P-value <0.05.

3. Results
3.1. Pre-pandemic milk IgA reactivity to SARS-CoV-2

Pre-pandemic Ugandan and United States milk samples (n = 25
per group) were assayed in duplicate by ELISA in order to com-
pare the levels of IgA antibody reactivity to the spike protein
(Figure 1). Pooled plasma from SARS-CoV-2-positive and negative
donors were employed as positive and negative controls, respec-
tively. Notably, one Ugandan sample exhibited very high reactiv-
ity to the SARS-CoV-2 spike, as evidenced from the titration curve
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ODs and endpoint titer (Figure 1A, F). In contrast, at the initial
1/10 dilution, grouped Ugandan and United States samples exhib-
ited similar reactivity (Ugandan mean OD = 0.88, United States
mean OD = 1.02; P = not significant (NS); Figure 1A and data not
shown). OD values at each milk dilution tested were used to deter-
mine the endpoint titer. With the exception of the high-responder
Ugandan sample, all other samples tested in both groups exhibited
variable, low-level reactivity, with 16/25 samples in each group
failing to reach the endpoint titer cutoff (OD = 1.0; Figure 1F).
Ugandan samples exhibited a higher mean endpoint titer com-
pared to that of United States samples (44.1 vs 12.7); however, this
difference was not significant, as the outlier Ugandan high respon-
der sample strongly influenced the higher mean (Figure 1F).

3.2. Pre-pandemic milk IgA reactivity to human alphacoronaviruses
229E and NL63

Milk samples were assayed against the HCoVs as described
above. The Ugandan high-responder noted for SARS-CoV-2 was
also highly reactive against both alphacoronaviruses (Figure 1).
In contrast, Ugandan milk samples at 1/10 dilution as a group
exhibited significantly lower reactivity compared to the United
States samples against HCoV-229E (Ugandan mean OD = 0.87,
United States mean OD = 1.95; P < 0.0001) and HCoV-NL63
(Ugandan mean OD = 1.27, United States mean OD 1.62;
P = 0.0077; Figure 1B, G and data not shown). Endpoint titers
were significantly lower for the Ugandan samples compared to
the United States samples against HCoV-229E (Ugandan mean end-
point titer 87.2, United States mean endpoint titer = 238;
P = 0.0003; Figure 1G). The statistical significance of the difference
was increased if the Ugandan high-responder was removed from
the dataset (P < 0.0001; Figure 1G, right panel). Against HCoV-
NL63, endpoint titers were not significantly different if the Ugan-
dan high responder was included in the data; however, if this out-
lier was removed, endpoint titers were also significantly lower for
the Ugandan samples (Ugandan mean endpoint titer = 18.2, United
States mean endpoint titer = 41.4; P = 0.035; Figure 1H).

3.3. Pre-pandemic milk IgA reactivity to human betacoronaviruses
HKU1 and 0C43

The Ugandan high-responder noted for SARS-CoV-2 was also
highly reactive against both betacoronaviruses (Figure 1). Against
the HKU1 spike, IgA reactivity was highly similar at 1/10 dilution
between the Ugandan and United States sample groups (Ugandan
mean OD = 2.16, United States mean OD = 2.26; P = NS; Figure 1D
and data not shown). Endpoint titers were also not significantly
different, although the Ugandan mean was increased due to the
robust response of the Ugandan high responder (Ugandan mean
endpoint titer = 162; United States mean endpoint titer = 107;
P = NS; Figure 1I). Against HCoV-OC43, initially it was evident
that a subset of Ugandan samples exhibited increased reactiv-
ity, although comparing the two groups on the whole did not
yield significant differences (data not shown); therefore, 30 addi-
tional Ugandan and 27 additional United States samples were an-
alyzed to determine whether the observed trend of higher reactiv-
ity might become significant. It was found for milk at 1/10 dilu-
tion that Ugandan samples exhibited significantly higher IgA reac-
tivity against HCoV-0C43 (Ugandan mean OD = 1.76, United States
mean OD = 1.37; P = 0.0132; Figure 1E and data not shown). End-
point titers were also significantly higher for the Ugandan samples
(Ugandan mean endpoint titer = 82, United States mean endpoint
titer = 28.3; P = 0.0182; Figure 1]). The higher reactivity of the
Ugandan samples remained significant even with the removal of
the high-responder from the dataset (P = 0.0258; Figurel]).
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Figure 1. IgA reactivity in pre-pandemic milk obtained from Ugandan and United States donors against HCoVs and SARS-CoV-2. Milk was assayed by ELISA starting at 1/10
dilution. The full titrations against each spike protein are shown in the first panel. Titration curves were used to determine endpoint titers using an OD cutoff of 1.0. Endpoint
titers for each antigen tested and the proportion of mothers with specific IgA antibodies are shown in the second panel. In the third panel, the Ugandan high responder
was removed from the dataset in order to compare differences without this outlier. Assays were performed in duplicate. Median values of the scatter charts are indicated.

Groups were compared by two-tailed Mann-Whitney test; P-values are shown.
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Figure 2. Correlation between HCoV and SARS-CoV-2 milk IgA reactivity. (A) Ugandan sample correlations. (B) United States sample correlations. Endpoint titers were used

for these analyses in two-tailed Pearson correlation tests. P-values are shown.

3.4. Correlation of HCoV and SARS-CoV-2 IgA reactivity

Correlation analyses were performed to determine the rela-
tionship between pre-pandemic HCoV and SARS-CoV-2 IgA re-
activity for each group of milk samples. For the Ugandan milk
samples, a significant positive correlation was found for reactiv-
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ity against each HCoV compared to SARS-CoV-2 (Figure 2A; P <
0.0001). However, if the Ugandan high responder sample was re-
moved from the dataset, these correlations were no longer evi-
dent (data not shown). No correlation between HCoV and SARS-
CoV-2 IgA reactivity was found for the United States samples
(Figure 2B).
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4. Discussion

African countries have registered fewer COVID-19 cases and
deaths per capita than the United States and other Western coun-
tries (WHO, 2021). The lower numbers of cases and deaths might
be partly due to cross-immunity induced by circulating common
cold HCoVs, which share high sequence similarity with SARS-CoV-
2 proteins (Kaur et al., 2020) and induce cross-reacting antibod-
ies and T cells to SARS-CoV-2 in people never exposed to SARS-
CoV-2 (Nga et al., 2020; Saletti et al., 2020). There is a paucity of
studies on pre-pandemic breast milk antibodies against SARS-CoV-
2 and HCoVs in African mothers. The rationale for this research
focus on breast milk is because it is reflective of the common mu-
cosal immune system and therefore relevant in terms of mucosal
antibodies against COVID-19 in both adults and infants. This study
is novel in reporting that pre-pandemic breast milk samples ob-
tained from rural Ugandan mothers in 2018 contain IgA antibod-
ies that are reactive to the spike proteins of all four HCoVs tested
with low-to-moderate cross-reactivity to SARS-CoV-2. In compar-
ing these data to those of pre-pandemic United States samples, it
was evident that there is a considerable unique IgA reactivity pro-
file in Ugandan and United States mothers for most of the HCoVs
tested that is likely geographically based.

Ugandan mothers had significantly higher levels of milk IgA
antibodies against HCoV-OC43 by comparison with United States
mothers. There was also a higher prevalence of milk IgA antibod-
ies against HCoV-0C43 in Ugandan mothers by comparison with
United States mothers (71% vs 55%). By contrast, United States
mothers had significantly higher levels and prevalence of milk IgA
antibodies against the alphacoronaviruses HCoV-NL63 and HCoV-
229E.

Younger individuals have a higher prevalence of pre-existing
humoral and T cell immunity-induced by HCoVs (Ng et al., 2020;
Saletti et al., 2020). However, it is unlikely that the observed dif-
ferences in IgA reactivity in the present study populations were
due to the age difference between Ugandan mothers (mean age 26
years) and United States mothers (mean age 34 years).

The differential breast milk IgA reactivity against HCoVs in
Ugandan and United States mothers could be due to differences in
the distribution of alphacoronaviruses and betacoronaviruses in the
two study populations. The study data indicate that there was a
higher prevalence of HCoV-0C43 in the Ugandan study population.
A recent hospital-based study of Ugandan patients with influenza-
like illness demonstrated a high seroprevalence of HCoVs, but
used a nucleoprotein-based ELISA that could not distinguish be-
tween different species of HCoVs (Mulabbi et al., 2021). Molecu-
lar surveillance and seroprevalence studies in Kenya and Ghana,
respectively, have demonstrated the predominance of HCoV-OC43
among HCoVs (Sipulwa et al.,, 2016; Owusu et al., 2021). These pre-
vious studies and the present study underscore the potential pub-
lic health significance of certain HCoVs, especially 0C43, in Africa
in the context of pre-existing cross-reactive IgA against SARS-CoV-
2. No previous studies have investigated the relationship between
HCoV-0C43-induced antibodies and clinical outcomes of COVID-19
patients in Africa.

Over one third of Ugandan breastfeeding mothers exhibited
pre-pandemic milk IgA reactivity against SARS-CoV-2 and over 70%
exhibited pre-pandemic milk IgA reactivity against HCoV-0OC43.
Pre-existing HCoV-0C43-induced cross-reactive mucosal antibod-
ies might provide moderate protection against COVID-19 in rural
Ugandans including mothers and infants. This premise is supported
by several published studies. First, recent endemic HCoV infections
have been associated with a reduced severity of COVID-19 and risk
of admission to the intensive care unit (Sagar et al., 2021) and
a reduced duration of COVID-19 symptoms (Gouma 2021 et al.,
2021). Second, previous viral symptoms have been shown to cor-
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relate with the level and duration of cross-reactive antibodies
to S1 and S2 subunits of SARS-CoV-2 and HCoV-OC43 in breast
milk (Demers-Matthieu et al.,, 2021b). Third, higher antibody lev-
els against HCoV-0C43 S protein have been observed in individuals
with pre-pandemic SARS-CoV-2 reactive antibodies than in those
without (Anderson et al., 2021). Additionally, HCoV-OC43 immu-
nity may impact the cross-reactive response in ways not measured
in the present study, including an enhanced memory B cell popu-
lation and/or reactive T cells. It also remains to be established how
Ugandan milk IgA reactivity against HCoV-OC43 relates to mu-
cosal immunity in other mucosal compartments such as the lungs,
which are most affected by severe COVID-19 disease.

There is also a growing body of evidence that cross-reactive
antibodies induced by betacoronaviruses may be associated with
severe and fatal COVID-19 illness. First, SARS-CoV-2 infection
boosts antibodies against betacoronaviruses (Anderson et al.,
2021; Nguyen-Contant et al., 2020; Shrock et al., 2020), proba-
bly due to the original antigenic sin. Original antigenic sin oc-
curs when a prior immune response compromises de novo re-
sponses to a closely related pathogen, variant, or serotype and has
been well-characterized in influenza virus and dengue infections
(Francis, 1960; Mongvolsapaya et al., 2003; Linderman et al., 2014).
Second, SARS-CoV-2 back-boosting of antibodies to shared epitopes
in the S2 subunits of SARS-CoV-2 and betacoronaviruses is ac-
companied by weaker and delayed de novo antibody responses to
SARS-CoV-2 in severe and fatal COVID-19 cases (Westerhuis et al.
2020; McNaughton et al., 2021). In the present study, United States
pre-pandemic samples exhibited significantly more milk IgA reac-
tivity to HCoV-229E and HCoV-NL63 compared to Ugandan sam-
ples. It is therefore possible that this enhanced antibody response
to alphacoronaviruses is accompanied by weaker and delayed an-
tibodies to SARS-CoV-2 in United States mothers. It is also plausi-
ble that the strong antibody responses seen in Ugandan mothers
against HCoV-0C43 may skew antibody responses against SARS-
CoV-2. Suboptimal antibody responses can result in antibody-
dependent enhancement of infection and antibody-mediated im-
mune enhancement with poor outcomes (Iwasaki and Yang, 2020).
Prospective studies in mothers with COVID-19 illness are required
to establish whether increased HCoV-0C43-induced IgA responses
are associated with poor clinical outcomes.

One Ugandan mother had high milk IgA reactivity against the
spike proteins of SARS-CoV-2 and all four HCoVs. The high re-
activity to SARS-CoV-2 was not seen in milk samples from other
mothers from the same village. It is not clear whether the robust
cross-reactive IgA response in this mother could have been due to
a previous unique exposure to a zoonotic coronavirus circulating
in this region that is highly related to SARS-CoV-2. Indeed, molec-
ular surveillance in East Africa has identified bat coronaviruses
that are relatives of the HCoVs Middle East respiratory syndrome
coronavirus (MERS-CoV), NL63, and 229E (Anthony et al., 2017;
Tao et al, 2017). A significant correlation was present between
breast milk IgA reactivity to SARS-CoV-2 and all four HCoVs
only when the Ugandan high responder mother was included.
The correlation was not significant when this outlier was ex-
cluded. There is insufficient remaining milk sample from the out-
lier mother to undertake further studies to confirm immunolog-
ical cross-reactivity with SARS-CoV-2 through competition ELISA.
Therefore, we are undertaking further investigations to establish
whether there are more Ugandan breastfeeding mothers with such
potent milk cross-reactive IgA against SARS-CoV-2 for further stud-
ies.

This study has several limitations. First, only a small number of
pre-pandemic breast milk samples were analyzed for IgA reactivity.
It is therefore not possible to conclude whether the general popu-
lation of Ugandan breastfeeding mothers has similar cross-reactive
IgA antibodies. Second, due to the limited amounts of milk sam-
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ples, it was not possible to undertake SARS-CoV-2 neutralization
studies to determine the functional relevance of the highly reac-
tive IgA antibodies in some pre-pandemic Ugandan milk samples.
However, we have previously reported that breast milk IgA titers
correlate with virus neutralization activity in United States moth-
ers (Fox et al, 2021b). Furthermore, for the same reasons, com-
petition ELISA with SARS-CoV-2 spike protein was not performed
using Ugandan samples. There are plans to identify Ugandan pre-
pandemic milk samples with high IgA reactivity and undertake
neutralization and competition experiments to establish their func-
tional relevance to protection and target specificity. Third, the
cross-sectional design of the study precluded the generation of hy-
potheses regarding cause-effect relationships. The design was in-
evitable because samples were collected at a single time point be-
fore the COVID-19 pandemic. Fourth, the study only looked at IgA
reactivity and did not investigate other antibody isotypes that may
be relevant to humoral mucosal cross-immunity against COVID-19.
Finally, the study did not correlate breast milk and serum anti-
body reactivity to establish the relationship between systemic and
mucosal cross-reactive antibodies to SARS-CoV-2 and HCoVs in the
study region. Some of these limitations will be addressed in a fu-
ture study with a larger number of Ugandan pre-pandemic breast
milk samples.

In conclusion, these preliminary findings support the premise
that HCoV-induced mucosal antibody profiles vary geographically,
and a proportion of rural Ugandan breastfeeding mothers who
have not been exposed to SARS-CoV-2 have pre-existing HCoV-
induced cross-reactive IgA antibodies. It is not clear whether these
cross-reactive IgA antibodies protect against or increase the risk of
COVID-19 illness in rural mothers and their infants.
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