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Abstract 

 

SARS-CoV-2, commonly termed COVID-19 for the illness it causes, has infected >3.2 million 

people, including >220,000 deaths. Human milk IgG originates mainly from blood, therefore a 

SARS-CoV-2-reactive antibody (Ab) response in milk would be expected (1). However, IgG 

comprises only ~2% of milk Ab, with most milk Abs originating from mucosa-associated 

lymphatic tissue (1). Therefore, the extent of the milk immune response to SARS-CoV-2 is 

unknown (2). This response is critical for infants and young children, who tend not to suffer 

greatly from COVID-19 pathology but are likely responsible for significant virus transmission 

(3-5). Perhaps even more significant is the fact that milk Abs could be purified and used as a 

COVID-19 therapeutic, given they would likely be of the secretory (s) class and highly resistant 

to proteolytic degradation in the respiratory tissue (2, 6). In this preliminary report, 15 milk 

samples obtained from donors previously-infected with SARS-CoV-2 as well as 10 negative 

control samples obtained prior to December 2019 were tested for reactivity to the Receptor 

Binding Domain (RBD) of the SARS-CoV-2 Spike protein by ELISAs measuring IgA, IgG, 

IgM, and secretory Ab. Eighty percent of samples obtained post-COVID-19 exhibited IgA 

reactivity, and all these samples were also positive for secretory Ab reactivity, suggesting the 

IgA is predominantly sIgA. COVID-19 group mean OD values of undiluted milk were 

significantly greater for IgA (p<0.0001), secretory-type Abs (p<0.0001), and IgG (p=0.017), but 

not for IgM, compared to pre-pandemic group mean values. Overall, these data indicate that 

there is strong sIgA-dominant SARS-CoV-2 immune response in human milk after infection in 

the majority of individuals, and that a comprehensive study of this response is highly warranted. 
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Background 

In December 2019 several cases of atypical pneumonia were reported in Wuhan, China. 

It was soon determined that this illness, now named COVID-19, was due to a newly identified 

coronavirus, termed SARS-CoV-2 (7). On March 11, 2020, the WHO declared the SARS-CoV-2 

outbreak a pandemic. To date, SARS-CoV-2 has infected over 3.2 million people worldwide, 

including >220,000 deaths. Though COVID-19 pathology in children is typically mild compared 

to adults, approximately 10% of infants experience severe COVID-19 illness requiring advanced 

care (8, 9). Importantly, as COVID-19 pathology does not correlate with transmissibility, infants 

and young children are likely responsible for a significant amount of SARS-CoV-2 

dissemination (3-5); therefore, protecting this population from infection remains essential. One 

potential mechanism of protection might be passive immunity via breastfeeding by a previously-

infected mother. If this response is potent, this is also relevant as a potential COVID-19 

therapeutic. These milk antibodies (Abs) may be far more effective than convalescent plasma or 

immunoglobulin.  

As the pandemic continues, many pregnant and breastfeeding women will be infected 

with SARS-CoV-2. To date, no evidence of vertical transmission in utero has been found. Yet, 

sporadic cases of newborns infected with SARS-CoV-2 have been reported, with transmission 

most likely occurring during delivery (10-12). In terms of transfer of SARS-CoV-2 immunity to 

the neonate, data from the SARS (SARS-CoV-1) outbreak may give insight, but are conflicting: 

in one case, a woman was infected in the 7th week of pregnancy. At near-term delivery, her 

serum was positive for SARS antibodies (Abs) but cord blood and placenta were negative. Milk 

samples were also negative (13). In another case, a woman infected in the 19th week of 

pregnancy  was positive for SARS Abs in serum, cord blood, and milk shortly after delivery 
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(14). One larger study of 12 pregnant women infected with SARS found that all babies’ serum 

were negative for SARS Ab after birth (15). As such, placental transfer of maternal Ab against 

SARS-CoV-2 may not necessarily occur, which suggests young infants are at particular risk for 

infection. Furthermore, infants of mothers infected post-partum would certainly depend on milk 

Ab for protection.  

As milk IgG originates predominantly from serum, it follows that specific IgG in milk 

should appear contemporaneously with the serum Ab response, though IgG comprises only ~2% 

of milk Ig (2). Approximately 90% of human milk Ab is IgA and ~8% IgM, nearly all in 

secretory (s) form (sIgA/sIgM; polymeric antibodies (Abs) complexed to j-chain and secretory 

component (SC) proteins) (1, 2, 16). Nearly all sIgA/sIgM derives from the gut-associated 

lymphoid tissue (GALT), though there is also homing of B cells from other mucosa (i.e. the 

respiratory system) to the mammary gland; therefore, we should expect some SARS-CoV-2-

specific sIgA/sIgM to be present in milk (1). Importantly, in vivo studies have demonstrated that 

secretory Abs are durable, transit well to the mucosa after systemic administration, and are 

resistant to enzymatic degradation; therefore, should SARS-CoV-2-reactive Abs be produced at 

high titer after infection, these predominantly secretory-type Abs have great potential as a 

COVID-19 therapeutic  (2, 6).   

To date, the magnitude, functionality, and durability of the human milk immune response 

to SARS-CoV-2 is currently unknown. Therefore, SARS-CoV-2-reactive milk Abs must be 

comprehensively studied for their potential therapeutic and protective efficacy. Towards that 

aim, we have recruited over 1000 lactating participants, including over 350 who have recovered 

from COVID-19 illness. This report details the preliminary findings regarding SARS-CoV-2-

reactive IgA, IgG, IgM, and total secretory-type Ab in the milk of 15 donors from this cohort.   
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Materials and Methods 

Human Milk.  Approximately 30mL of milk was obtained from consented study participants 

using electronic or manual pumps. Each participant was recruited and interviewed in accordance 

with an IRB-approved protocol. Participants either had a laboratory-confirmed COVID-19 

infection, or highly likely infection based on close contact with a confirmed COVID-19 case 

and/or symptoms of infection such as cough, anosmia, malaise, diarrhea, and fever. Milk was 

obtained ~14-30 days after symptoms had abated. Milk was pumped by the participants and 

frozen in their homes until sample pickup. Milk samples were then thawed, centrifuged at 800g 

for 15 min, fat was removed, and supernatant transferred to a new tube. Centrifugation was 

repeated 2x to ensure removal of all cells and fat. Skimmed acellular milk was aliquoted and 

frozen at -80C until use.  Pre-pandemic negative control milk samples were obtained in 

accordance with IRB-approved protocols prior to December 2019 for other studies, and had been 

stored in laboratory freezers at -80C before processing exactly as described for COVID-19 milk 

samples. 

 

SARS-CoV-2 ELISA. A SARS-CoV-2 ELISA using blood plasma was recently developed and 

validated and we have adapted this assay for use with human milk (17, 18). Briefly, half-area 96-

well plates were coated with the Receptor Binding Domain of the SARS-CoV-2 Spike protein, 

produced recombinantly as described (18). Plates were incubated at 4C overnight, washed in 

0.1% tween/PBS (PBS-T), and blocked in PBS/3% goat serum/0.5% milk powder/3.5% PBS-T 

for 1h at room temperature. Milk was diluted in 1% BSA/PBS and added to the plate. After 2h 

incubation at room temperature, plates were washed and incubated for 1h at room temperature 

with horseradish peroxidase-conjugated goat anti-human-IgA, goat anti-human-IgM, goat anti-
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human-IgG (Rockland), or goat anti-human-secretory component (MuBio) diluted in 1% 

BSA/PBS. Plates were developed with TMB reagent followed by HCl and read at 450nm on an 

ELISA plate reader. 

 

Results 

Most milk (80%) obtained post-COVID-19-recovery exhibits IgA reactivity to RBD. Fifteen 

milk samples obtained from donors previously-infected with SARS-CoV-2 as well as 10 samples 

obtained as part of other studies prior to December 2019 were tested in duplicate in 3 unique 

experiments for separate assays measuring IgA, IgG, IgM, and secretory-type Ab reactivity (the 

secondary Ab used in this assay is specific for free and bound SC). The 10 pre-pandemic control 

undiluted milk samples were used to determine positive cutoff values for each assay, calculated 

as the mean OD + 2*SD. These control samples exhibited some low-level reactivity in all 4 

assays; however, this non-specific or cross-reactive binding was notably greater for the IgA 

assay. Despite the higher positive cutoff value for this assay, 12/15 milk samples obtained from 

previously-COVID-19-infected donors exhibited IgA reactivity to RBD significantly above this 

cutoff value when undiluted, with wide variation in the ultimate binding endpoint (Fig. 1a, first 

panel). All 12 of these samples were also positive for secretory-type Ab reactivity to RBD (Fig. 

1a, second panel). The IgA and secretory Ab (SC) OD values for undiluted milk were found to 

be highly correlated (r=0.81, p<0.0001 by Spearman correlation test; Fig. 2).  

 

The RBD-reactive IgA response appears dominant and is not necessarily concurrent with a 

measurable IgG or IgM response. Of the 12 milk samples shown to be positive for IgA/SC 

reactivity, 4 samples also exhibited positive IgG and IgM reactivity to RBD (Fig. 1a). An 
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additional 2 samples exhibited positive IgG reactivity but not IgM, and 1 sample also exhibited 

IgM reactivity but not IgG. One sample exhibited only positive IgG reactivity, but did not 

exhibited any IgA, IgM, or SC reactivity above the positive cutoff. These data are summarized in 

Table 1.  

Overall, OD values of undiluted milk obtained from COVID-19-recovered donors and 

pre-pandemic controls for each assay were grouped and compared, and it was found that the 

COVID-19-recovered group mean values were significantly greater for IgA (p<0.0001), 

secretory-type Abs (p<0.0001), and IgG (p=0.017), but not for IgM (all groups were compared 

by 2-tailed Mann-Whitney test). As well, OD values for undiluted milk were compared between 

each assay (IgA v IgG, IgA v IgM, IgM v SC, IgM v IgG, and IgM v SC). It was found that no 

correlation existed between the reactivities of these Ab subclasses, with the exception of IgM v 

IgG, which were found to correlate (r=0.49, p=0.009; Fig. 2). 

 

Discussion 

The data presented herein is preliminary using a small sample size and only serves to 

suggest what might be the typical range of the antibodies generated in human milk following 

SARS-CoV-2 infection. The samples analyzed represent only a snapshot of what is likely a 

dynamic immune response. A much larger sample size and long-term follow-up study is needed 

to better understand SARS-CoV-2 immunity in milk, as well as whether a typical response is 

truly protective for breastfed babies or if this response would generate sufficient Abs to be 

purified and used therapeutically to treat COVID-19 illness.  

Though it might be expected that the milk Ab response would be reflective of systemic 

immunity – i.e., milk Ab should generally mirror serum Ab – only a small fraction of milk Ab 
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originates from serum – likely less than 10%, and only ~2% of milk Ab is IgG (2). Human milk 

Ab is ~90% IgA and 8% IgM, nearly all sIgA/sIgM. These polymeric Abs are complexed to SC, 

which is the cleavage product of the pIgR that marks these secretory-type Abs as it transports 

them into the milk (1). SC is essential for the survival of secretory Abs in relatively harsh 

mucosal environments such as the infant gut where they would otherwise succumb quickly to 

proteolytic degradation (1). The B cells that ultimately produce milk sIgA/sIgM originate mainly 

from the GALT, known as the entero-mammary link, with some proportion originating from 

other mucosa such as the respiratory system (1, 19, 20). Evidence supporting this entero-

mammary link include the finding that mammary gland B cells display an adhesion receptor 

profile matching that found on GALT B cells, and that milk sIgA exhibits high reactivity for 

enteric antigens compared to blood (21-24). In fact, PRM/Alf mice (possessing elongated 

intestinal tracts) have been shown to exhibit increased gut-derived B cells in the mammary gland 

and increased milk sIgA concentration compared to wild type mice (25). As such, there is much 

precedent for milk Ab composition and specificity being unique from that found in blood, as the 

data presented here suggests. Though we did not compare the milk donors’ blood Ab titers to the 

milk data, it was evident that most of the samples contained SARS-CoV-2-reactive IgA without 

necessarily containing measurable IgG and/or IgM, which particularly in the case of IgG, would 

likely be derived in large part from the serum. Notably, IgG and IgM reactivities in undiluted 

milk exhibited a moderate correlation. It may also be that as total IgG and IgM are so much 

lower in milk than IgA, that this ELISA lacked the sensitivity to pick up low-titer responses. 

Notably, one sample, COV108b, exhibited only IgG reactivity. Future experiments will compare 

milk and serum Ab titers. 
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Though it has been determined by previous studies that most IgA in human milk is sIgA, 

our ELISA could not determine with certainty that the IgA (or IgM) measured was of the 

secretory type or not (1). The assay measuring secretory Ab reactivity employs a secondary Ab 

specific for the SC, which can be free, or bound to Ab. Notable, all samples exhibiting positive 

IgA reactivity also exhibited positive SC reactivity, and a very strong positive correlation was 

present when comparing the OD values of undiluted milk for the IgA and SC assays. This 

suggests that a very high proportion of the SARS-CoV-2-reactive IgA measured herein was 

sIgA. This is extremely relevant to the possibility of using purified milk Ab as a COVID-19 

therapy, as this sIgA-dominant milk Ab is highly unique from the IgG-dominant convalescent 

plasma or purified plasma immunoglobulin being tested currently. This sIgA-rich therapeutic 

would likely survive well upon targeted respiratory administration, where a much lower dose of 

Ab might be needed for efficacy compared to that used systemically. Moreover, non-human 

primate studies have found that dimeric IgA given systemically transits well to mucosal 

compartments, and maintains high levels in blood for a significantly longer period after 

administration compared to IgG or monomeric IgA (6).  

As we continue with our comprehensive studies on the human milk immune response to 

SARS-CoV-2, we aim to ultimately determine the efficacy of ‘convalescent milk Ab’ as a 

treatment for COVID-19, and the utility of these Abs to prevent or mitigate infant SARS-CoV-2 

infection. These data will have implications beyond the pandemic, as they will serve to fill 

relatively large knowledge gaps regarding human milk immunology. As well, as SARS-CoV-2 

vaccines are developed, these data will provide a comparative baseline that will be critical for 

understanding the efficacy of vaccines in terms of the passive immunity they generate to protect 

breastfed babies.  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 8, 2020. .https://doi.org/10.1101/2020.05.04.20089995doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.04.20089995
http://creativecommons.org/licenses/by-nc-nd/4.0/


9 
 

Acknowledgements 

As always, we are indebted to the milk donors who make this work possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 8, 2020. .https://doi.org/10.1101/2020.05.04.20089995doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.04.20089995
http://creativecommons.org/licenses/by-nc-nd/4.0/


10 
 

Figures and Tables 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 8, 2020. .https://doi.org/10.1101/2020.05.04.20089995doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.04.20089995
http://creativecommons.org/licenses/by-nc-nd/4.0/


11 
 

 

 

 

References 

1. Brandtzaeg P. 2010. The mucosal immune system and its integration with the mammary glands. 
J Pediatr 156:S8-15. 

2. Hurley WL, Theil PK. 2011. Perspectives on immunoglobulins in colostrum and milk. Nutrients 
3:442-74. 

3. WE W, Z L, CJ C, SE Y, MP T, VJ L. ePub: 1 April 2020. . Presymptomatic Transmission of SARS-
CoV-2 — Singapore, January 23–March 16, 2020. MMWR Morb Mortal Wkly Rep. 

4. Li R, Pei S, Chen B, Song Y, Zhang T, Yang W, Shaman J. 2020. Substantial undocumented 
infection facilitates the rapid dissemination of novel coronavirus (SARS-CoV2). Science. 

5. Tang A, Tong ZD, Wang HL, Dai YX, Li KF, Liu JN, Wu WJ, Yuan C, Yu ML, Li P, Yan JB. 2020. 
Detection of Novel Coronavirus by RT-PCR in Stool Specimen from Asymptomatic Child, China. 
Emerg Infect Dis 26. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 8, 2020. .https://doi.org/10.1101/2020.05.04.20089995doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.04.20089995
http://creativecommons.org/licenses/by-nc-nd/4.0/


12 
 

6. Fouda GG, Eudailey J, Kunz EL, Amos JD, Liebl BE, Himes J, Boakye-Agyeman F, Beck K, Michaels 
AJ, Cohen-Wolkowiez M, Haynes BF, Reimann KA, Permar SR. 2017. Systemic administration of 
an HIV-1 broadly neutralizing dimeric IgA yields mucosal secretory IgA and virus neutralization. 
Mucosal Immunol 10:228-237. 

7. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, 
Wang D, Xu W, Wu G, Gao GF, Tan W, China Novel Coronavirus I, Research T. 2020. A Novel 
Coronavirus from Patients with Pneumonia in China, 2019. N Engl J Med 382:727-733. 

8. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, Tong S. 2020. Epidemiological Characteristics of 2143 
Pediatric Patients With 2019 Coronavirus Disease in China. Pediatrics. 

9. Anonymous. Coronavirus Disease 2019 in Children — United States, February 12–April 2, 2020. 
MMWR Morb Mortal Wkly Rep. ePub: 6 April 2020.   . 

10. Gagneur A, Dirson E, Audebert S, Vallet S, Legrand-Quillien MC, Laurent Y, Collet M, Sizun J, Oger 
E, Payan C. 2008. Materno-fetal transmission of human coronaviruses: a prospective pilot study. 
Eur J Clin Microbiol Infect Dis 27:863-6. 

11. Zhu H, Wang L, Fang C, Peng S, Zhang L, Chang G, Xia S, Zhou W. 2020. Clinical analysis of 10 
neonates born to mothers with 2019-nCoV pneumonia. Transl Pediatr 9:51-60. 

12. Shek CC, Ng PC, Fung GP, Cheng FW, Chan PK, Peiris MJ, Lee KH, Wong SF, Cheung HM, Li AM, 
Hon EK, Yeung CK, Chow CB, Tam JS, Chiu MC, Fok TF. 2003. Infants born to mothers with severe 
acute respiratory syndrome. Pediatrics 112:e254. 

13. Stockman LJ, Lowther SA, Coy K, Saw J, Parashar UD. 2004. SARS during pregnancy, United 
States. Emerg Infect Dis 10:1689-90. 

14. Robertson CA, Lowther SA, Birch T, Tan C, Sorhage F, Stockman L, McDonald C, Lingappa JR, 
Bresnitz E. 2004. SARS and pregnancy: a case report. Emerg Infect Dis 10:345-8. 

15. Wong SF, Chow KM, Leung TN, Ng WF, Ng TK, Shek CC, Ng PC, Lam PW, Ho LC, To WW, Lai ST, 
Yan WW, Tan PY. 2004. Pregnancy and perinatal outcomes of women with severe acute 
respiratory syndrome. Am J Obstet Gynecol 191:292-7. 

16. Demers-Mathieu V, Underwood MA, Beverly RL, Nielsen SD, Dallas DC. 2018. Comparison of 
Human Milk Immunoglobulin Survival during Gastric Digestion between Preterm and Term 
Infants. Nutrients 10. 

17. Amanat F, Nguyen T, Chromikova V, Strohmeier S, Stadlbauer D, Javier A, Jiang K, Asthagiri-
Arunkumar G, Polanco J, Bermudez-Gonzalez M, Caplivski D, Cheng A, Kedzierska K, Vapalahti O, 
Hepojoki J, Simon V, Krammer F. 2020. A serological assay to detect SARS-CoV-2 seroconversion 
in humans. medRxiv:2020.03.17.20037713. 

18. Stadlbauer D, Amanat F, Chromikova V, Jiang K, Strohmeier S, Arunkumar GA, Tan J, Bhavsar D, 
Capuano C, Kirkpatrick E, Meade P, Brito RN, Teo C, McMahon M, Simon V, Krammer F. 2020. 
SARS-CoV-2 Seroconversion in Humans: A Detailed Protocol for a Serological Assay, Antigen 
Production, and Test Setup. Curr Protoc Microbiol 57:e100. 

19. Kleinman RE, Walker WA. 1979. The enteromammary immune system: an important new 
concept in breast milk host defense. Dig Dis Sci 24:876-82. 

20. Ahlstedt S, Carlsson B, Fallstrom SP, Hanson LA, Holmgren J, Lidin-Janson G, Lindblad BS, Jodal U, 
Kaijser B, Solh-Akerlund A, Wadsworth C. 1977. Antibodies in human serum and milk induced by 
enterobacteria and food proteins. Ciba Found Symp:115-34. 

21. Tuaillon E, Valea D, Becquart P, Al Tabaa Y, Meda N, Bollore K, Van de Perre P, Vendrell JP. 2009. 
Human milk-derived B cells: a highly activated switched memory cell population primed to 
secrete antibodies. J Immunol 182:7155-62. 

22. Hosea Blewett HJ, Cicalo MC, Holland CD, Field CJ. 2008. The immunological components of 
human milk. Adv Food Nutr Res 54:45-80. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 8, 2020. .https://doi.org/10.1101/2020.05.04.20089995doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.04.20089995
http://creativecommons.org/licenses/by-nc-nd/4.0/


13 
 

23. Goldman AS. 1993. The immune system of human milk: antimicrobial, antiinflammatory and 
immunomodulating properties. Pediatr Infect Dis J 12:664-71. 

24. Seppo AE, Savilahti EM, Berin MC, Sampson HA, Järvinen KM. 2017. Breast milk IgA to foods has 
different epitope specificity than serum IgA-Evidence for entero-mammary link for food-specific 
IgA? Clin Exp Allergy 47:1275-1284. 

25. Boumahrou N, Chevaleyre C, Berri M, Martin P, Bellier S, Salmon H. 2012. An increase in milk IgA 
correlates with both pIgR expression and IgA plasma cell accumulation in the lactating 
mammary gland of PRM/Alf mice. J Reprod Immunol 96:25-33. 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 8, 2020. .https://doi.org/10.1101/2020.05.04.20089995doi: medRxiv preprint 

https://doi.org/10.1101/2020.05.04.20089995
http://creativecommons.org/licenses/by-nc-nd/4.0/

