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Background

Limited data are available regarding the balance of risks and benefits from human milk and/or breastfeeding during and following maternal infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).



Objective

To investigate whether SARS-CoV-2 can be detected in milk and on the breast after maternal coronavirus disease 2019 (COVID-19) diagnosis; and characterize concentrations of milk immunoglobulin (Ig) A specific to the SARS-CoV-2 spike glycoprotein receptor binding domain (RBD) during the 2 months after onset of symptoms or positive diagnostic test.



Methods

Using a longitudinal study design, we collected milk and breast skin swabs one to seven times from 64 lactating women with COVID-19 over a 2-month period, beginning as early as the week of diagnosis. Milk and breast swabs were analyzed for SARS-CoV-2 RNA, and milk was tested for anti-RBD IgA.



Results

SARS-CoV-2 was not detected in any milk sample or on 71% of breast swabs. Twenty-seven out of 29 (93%) breast swabs collected after breast washing tested negative for SARS-CoV-2. Detection of SARS-CoV-2 on the breast was associated with maternal coughing and other household COVID-19. Most (75%; 95% CI, 70-79%; n=316) milk samples contained anti-RBD IgA, and concentrations increased (P=.02) during the first two weeks following onset of COVID-19 symptoms or positive test. Milk-borne anti-RBD IgA persisted for at least two months in 77% of women.



Conclusion

Milk produced by women with COVID-19 does not contain SARS-CoV-2 and is likely a lasting source of passive immunity via anti-RBD IgA. These results support recommendations encouraging lactating women to continue breastfeeding during and after COVID-19 illness.
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Introduction

Most studies examining milk produced by women with coronavirus disease 2019 (COVID-19) have demonstrated that it is an unlikely source of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) maternal-to-child transmission (1–4). Nonetheless, SARS-CoV-2 has been detected in a fraction of milk samples in some studies (5–7). The reasons for these disparate findings are unknown, but it is likely that sample collection and/or analysis methodology might play a role. Additionally, several studies have shown that milk antibody titers correlate with the milk’s ability to neutralize SARS-CoV-2 infectivity (3, 8–11), thus likely offering immunological protection to the infant. Together, these findings support epidemiological evidence that breastfeeding while using appropriate hand and respiratory hygiene does not increase risk of infant SARS-CoV-2 infection (12, 13).

Individuals infected with SARS-CoV-2 typically develop a robust serum antibody response against the spike (S) glycoprotein within 2 weeks of illness onset. While early studies demonstrated that circulating levels waned by 2 months (14, 15), more recent research suggests more moderate declines with continued seropositivity at 6 to 8 months (16). Similarly, milk produced by women with COVID-19 contains substantial immunoglobulin A (IgA) targeting the S glycoprotein receptor binding domain (RBD) in the first month following infection (3, 9). However, little is known about the persistence of milk anti-SARS-CoV-2 IgA following maternal infection.

The presence of virus and anti-viral antibodies in milk contribute to the balance of risks and benefits that breastfeeding provides to infants of mothers with SARS-CoV-2 infection. The primary objective of this study was to use validated analytical methods and optimized longitudinal sampling to analyze milk produced after maternal COVID-19 diagnosis for the presence of SARS-CoV-2, as well as levels and duration of milk-borne anti-RBD IgA for up to 2 months after diagnosis. To further understand whether breast skin could be a possible source of viral RNA contamination in milk and/or represent a potential route of exposure to the infant, we also assessed the prevalence of SARS-CoV-2 on breast skin swabs collected before and after cleaning the breast.



Material and Methods


Experimental Design and Clinical Data/Sample Collection

This multicenter study was carried out from April to December 2020 using a repeated-measures, longitudinal design. Maternal-infant dyads were recruited through participating institutions (University of Idaho; Washington State University; University of Rochester Medical Center; University of California, San Francisco; Brigham and Women’s Hospital; University of Arkansas for Medical Sciences; Tulane University), and national social media advertising. To participate, women needed to be ≥18 years of age, lactating, have an infant less than 24 months old, and diagnosed with or tested for COVID-19 in the last seven days. No SARS-CoV-2 vaccine was available during the study period. Milk, breast skin swabs, and telephone surveys were ideally collected on three separate days during the first week post-diagnosis and again at 2-, 3-, 4-, and 8-weeks post-diagnosis. Participants self-collected milk and breast swab samples using provided collection kits, which were assembled aseptically by study personnel wearing masks and gloves. Mothers were instructed in clean techniques to obtain samples, including use of gloves and masks. Surveys included questions about COVID-19 testing results for all household members and maternal and infant COVID-19 symptoms. This multi-institutional study was reviewed and approved by the institutional review boards of the University of Idaho (20–056, 20–060), University of Rochester Medical Center (1507), University of California, San Francisco (20–30410), Brigham and Women’s Hospital (2020P000804), University of Arkansas for Medical Sciences (260939), and Tulane University (2020–602). All participants gave written informed consent.

We previously reported (3) on 37 milk samples collected from 18 women in the first week post-diagnosis; of these women, 11 were recruited to provide additional longitudinal samples up to 2 months post-diagnosis for this study. In addition, we recruited 63 additional participants for this study (Supplementary Figure 1). No sample size calculation was performed due to logistical considerations and lack of preliminary data. Due to the nature of conducting this research during a pandemic and because test results were often not available soon after testing, some women were recruited after being tested but prior to receiving the results for their COVID-19 tests. Because of this, women receiving a negative COVID-19 result after enrollment and were subsequently deemed ineligible to participate in the study and were not included in the total number of participants. Milk and swabs of the nipple/areola (“breast skin swabs”) were collected as previously described (3). COVID-19 signs and symptoms (e.g., cough, fever, congestion, fatigue, malaise, difficulty breathing, chest pain, loss of smell and/or taste, and diarrhea) were recorded at study enrollment and at each sample collection. Milk samples collected prior to December 2019 from 5 healthy women located in the greater Rochester, NY area for general assay development were used as prepandemic control samples.



Laboratory Analysis

Total RNA was extracted from the first three milk samples collected from 47 women not previously reported on and extraction controls using the Quick-DNA/RNA Viral MagBead kit (Zymo Research, Irving, CA). Briefly, 200 µL of whole milk were mixed with 200 µL of 2X DNA/RNA Shield (Zymo Research) and incubated for 10 min prior to extraction following manufacturer’s instructions. Total RNA was then used as the input for the CDC-designed SARS-CoV-2 reverse transcription quantitative polymerase chain reaction (RT-qPCR) assay targeting two regions of the SARS-CoV-2 nucleocapsid gene, validated for use with human milk and replicated across two laboratories (University of Idaho and University of Rochester) as previously described (3). Per the CDC protocol, samples with Ct values <40 were considered positive. It is noteworthy that we did not reanalyze samples reported previously (3) for SARS-CoV-2 RNA because assay parameters had not changed. Total RNA was also extracted from swabs collected prior to the first three milk collections of 35 women not previously reported on and analyzed using the same RT-qPCR assay used for human milk with analysis only occurring at the University of Idaho. For breast swabs, swab heads were immersed in 400 µL 1X DNA/RNA Shield (Zymo Research), pulse vortexed for 20 seconds, incubated for 10 min, centrifuged at 500 x g for 1 min at 22°C, and then up to 400 μL of the liquid were used as input for RNA isolation. For extraction negative controls, 400 μL 1X DNA/RNA Shield were used as the input.

Concentrations of milk-borne anti-RBD IgA were determined in duplicate from delipidated milk using an enzyme-linked immunoassay (ELISA) as previously described (17) with the following modifications. Microtiter plates (Nunc Maxisorb, ThermoFisher Scientific) were coated with SARS-CoV-2 spike glycoprotein RBD (Sino Biological, Beijing, China) and blocked with 1% human serum albumin (HSA) (Millipore, Burlington, MA) in phosphate buffered saline containing 0.05% Tween-20 (PBS-T). Serum with known high anti-RBD IgA concentration (Ray Biotech, Peachtree Corners, GA) was used as a standard with dilution series ranging from 1:100 to 1:1,000,000 and milk samples were diluted 1:2 with 1% HSA and incubated in coated wells overnight at 4°C. After washing with PBS-T, bound antigen-specific antibodies were detected by incubating wells with horseradish peroxidase-conjugated polyclonal goat anti-human IgA antibody (Bethyl Laboratories, TX, USA), followed by washing with PBS-T and developing color with BD OptEIA reagent kit (Becton Dickinson). The color reaction was stopped after 10 min by adding 0.18 N sulfuric acid, and absorbance was read at 450 nm using a 96-well plate reader (BioTek, VT, USA). A standard curve was generated by fitting a 5PL equation to standard dilution series absorbances using plate reader software (Take5, BioTek, VT, USA), and sample concentrations were back calculated. Specific antibody concentrations are expressed based on standard serum (1 AU corresponds to the amount of specific IgA in 1:10,000 dilution of the standard serum). A positive cutoff threshold for positivity/antigen-specific binding was set as the sum of the mean and 2 times the standard deviation of RBD-specific IgA in prepandemic milk samples. SARS-CoV-2 RBD-specific IgA concentration for some of the samples were included in a previous study but were measured again in the present study for consistency. One participant’s milk sample was not tested for IgA due to insufficient volume.



Statistical Analysis

R version 3.6.1 (18) and GraphPad Prism 9 were used for data analyses. The exact binomial test was used to calculate confidence intervals. The R package lmer (19) was used to perform univariate logistic regression to assess the relationships between the detection of viral RNA on breast skin swabs and the incidence of maternal respiratory symptoms or household COVID-19 symptoms/diagnosis with individual included as a random effect. Wilcoxon signed-rank test was used to assess the difference in anti-RBD IgA concentration between the first and second week of illness. Statistical significance was declared at P<.05.




Results


Cohort Characteristics

Samples were collected from 64 women diagnosed with COVID-19 (Supplementary Figures 1, 2). Participant characteristics are presented in Table 1. Briefly, median age was 33 years (interquartile range [IQR], 30-36), and median time postpartum was 18 weeks (IQR, 2-32). Symptomatic and asymptomatic COVID-19 was reported in 83 (n=53) and 17% (n=11) of participants, respectively. Overall, relative to the day of diagnostic testing, we collected 78 milk samples from 40 women within the first week; 120 samples from 58 women between days 8 and 21; 89 samples from 47 women between days 22 and 56; and 29 samples from 29 women between days 57 and 106. In total, 316 milk samples were collected from 64 women. It is noteworthy that we have previously reported selected results from 37 milk samples produced by 17 of these women (3).


Table 1 | Selected characteristics and behaviors of study participants.





Evaluation of Milk and Breast Skin Swabs for the Presence of SARS-CoV-2 RNA

Here, we analyzed the first three milk samples (n=141) collected from 47 women and the first three breast skin swabs (n=99) collected prior to milk collection from 35 women not described in our previous report (3) for SARS-CoV-2 RNA (range, 0-37 days from diagnostic test). As with our prior report, all milk samples tested negative for SARS-CoV-2 in both laboratories. In contrast, while 71% (70/99; 95% CI, 61-79%) of the swabs collected before breast washing tested negative for SARS-CoV-2, 29% (29/99) generated Ct values that varied in degree of positivity (Supplementary Table 1). However, 27/29 (95% CI, 77-99%) of the companion swabs collected after breast washing tested negative for SARS-CoV-2. The two swabs that retained some degree of positivity after washing had a 70-80% reduction in the estimated viral load.

Using these swab data combined with our previously published swab data (3), we evaluated whether maternal respiratory symptoms of COVID-19 (cough, dyspnea, rhinorrhea/nasal congestion, and sneezing) or presence of household COVID-19 were related to the detection of SARS-CoV-2 RNA on the breast skin. Among the four maternal respiratory symptoms examined, only cough was related to the detection of viral RNA (odds ratio, OR, 4.78; 95% CI, 1.59-14.38; P<.01; 51% of swabs with cough versus 19% without cough) (Table 2). The presence of at least one other household member with COVID-19 was also associated with increased likelihood of detection of viral RNA on breast skin swabs (OR, 6.67; 95% CI, 1.79-24.92; P<.01; 53% of swabs with household COVID-19 versus 18% without household COVID-19).


Table 2 | Association of respiratory signs/symptoms and viral RNA presence on the breast skin.





Longitudinal Assessment of Milk Specific IgA

Assays for detecting IgA specific to the S glycoprotein RBD were conducted on 316 milk samples collected from all 64 women; 75% (95% CI, 70-79%) of these samples contained detectable anti-RBD IgA. The maximum concentration of anti-RBD IgA was two-fold higher in symptomatic women in comparison to asymptomatic women, although this difference was not statistically significant (P=.0610; symptomatic - 22.8 ± 27.1 AU, average ± standard deviation; asymptomatic - 11.2 ± 15.7 AU). Longitudinal analysis of samples collected from women who provided repeated samples for at least 2 months following onset of symptoms (n=24) or positive test (for asymptomatic women, n=2) demonstrated an increase (P=.02) in the concentration of anti-RBD IgA from the first to second week following onset of symptoms/positive test; 92% (24/26) of these women produced milk containing anti-RBD IgA by day 19 (Figure 1A). Of these 26 women, 77% (n=20) produced milk with anti-RBD IgA for 2 months or longer (“persistent IgA”), whereas 15% (n=4) produced milk without persistent levels of detectable anti-RBD IgA (“transient IgA”; Figure 1B). Of the two asymptomatic women with longitudinal data, one displayed persistent IgA while the other was IgA negative.




Figure 1 | Temporal dynamics of milk anti-RBD IgA. (A) Proportion of women with milk anti-RBD IgA. (B) Concentration of milk anti-RBD IgA. The gray lines represent individuals (n=26); bolded lines represent the group LOESS curves; and horizontal dashed red line denotes the cutoff for assay positivity/limit of antigen-specific binding.






Discussion

Consistent with the preponderance of available evidence, we found no indication of SARS-CoV-2 in milk produced by women with COVID-19. Some breast skin swabs were found to contain detectable SARS-CoV-2 RNA, almost all of which were collected prior to washing the breast. Detection of SARS-CoV-2 RNA on the unwashed breast was related to the presence of maternal cough and others in the household with COVID-19.

Importantly, we detected a rapid, robust, and durable anti-RBD specific IgA response in the majority of mothers’ milk. Our longitudinal study substantially extends prior knowledge by demonstrating: (I) the vast majority (92%) of women with COVID-19 have anti-RBD IgA in their milk; (II) concentrations of anti-RBD IgA increase during the first weeks following onset of symptoms or, if asymptomatic, following the day of diagnostic test; and (III) anti-RBD IgA is present in milk produced by most infected women for at least 2 months.

Our finding of a persistent antibody response in milk produced by women with COVID-19 is reassuring as it suggests passive immunity is likely conferred to recipient infants for at least 2 months after maternal infection. Passive immunity via milk is particularly important for breastfeeding children, including infants and neonates, as COVID-19 vaccines have yet to be approved for these populations. Further, our results showing a sustained anti-RBD antibody response in milk may have implications for the durability of vaccine-induced milk antibodies. Indeed, similar to SARS-CoV-2 infection and maternal vaccination against other respiratory pathogens (20, 21), recent data demonstrate that in the days and weeks following maternal COVID-19 vaccination, a robust IgG-dominant milk antibody response is induced (22–25), although the longer-term durability of the milk-borne antibody response remains to be elucidated. Similarly, the mechanisms underlying the persistence or lack of specific antibodies in human milk are not well understood, but may be related to differences in the course of the infection, recurrent exposures and/or the migration of long-lived plasma cells from mucosal sites to the mammary gland (26–28)

Our previous (3) and current findings on the detection of SARS-CoV-2 RNA on the breast skin of a small number of participants prior to cleaning may provide an explanation as to why some milk samples in prior studies have yielded positive results for SARS-CoV-2 RNA via RT-qPCR. It is worth noting that only low titers of viral RNA were detected on the positive breast skin swab samples (Supplementary Table 1). Washing of the breast appeared effective in removing the RNA in almost all cases examined. Unfortunately, since the breast skin swabs utilized for viral RNA detection were inactivated prior to RT-qPCR, we were unable to examine whether the RNA represented viable virus or remnants of viral RNA and poses a potential risk of maternal-to-child transmission. However, it is notable that numerous studies examining neonatal outcomes during maternal SARS-CoV-2 infection have not found evidence of SARS-CoV-2 transmission via breastfeeding (12, 13, 29–33).

We recognize that this study was limited by self-reported COVID-19 diagnostic test results for most women, self-collection of samples, and lack of individuals with severe COVID-19 that required hospitalization, and an inability to assess functional immunity or virus neutralization. However, strengths of the study include a relatively large sample size, longitudinal sampling, collection methodology employing best practices for human milk research (34), and use of assays validated for human milk (3) to detect SARS-CoV-2 RNA and profile the dynamics of milk-specific IgA.

In summary, we found no evidence of SARS-CoV-2 in milk and documented the presence of anti-RBD IgA that persisted for at least 2 months in milk produced by most study participants. Beyond the health impacts of human milk as a source of nutrition, these data suggest that, on balance, human milk is not a source of SARS-CoV-2 transmission and may provide lasting passive immunity. Our findings also provide additional support for recommendations that lactating women with COVID-19 continue to breastfeed while they and others in the household take precautions, such as hand and respiratory hygiene, to prevent transmission via respiratory droplets (35).



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

This multi-institutional study was reviewed and approved by the institutional review boards of the University of Idaho (20-056, 20-060), University of Rochester Medical Center (1507), University of California, San Francisco (20-30410), Brigham and Women’s Hospital (2020P000804), University of Arkansas for Medical Sciences (260939), and Tulane University (2020-602). All participants gave written informed consent.



Author Contributions

Concept and design: RP, JW, KJ, CM, MMa, SL, CB-L, LY, AA, MB, SG, VF, MMc, MKM, and AS. Acquisition, analysis, or interpretation of data: All authors. Drafting of the manuscript: RP and JW. Critical revision of the manuscript for important intellectual content: All authors. Statistical analysis: RP, JW, and AS. Obtained funding: RP, JW, KJ, CM, MMa, SL, CB-L, LY, AA, MB, SG, VF, MMc, MKM, and AS. Administrative, technical, or material support: RP, JW, KJ, SG, VF, MMc, MKM, and AS. Supervision: RP, JW, KJ, CM, MMc, MKM, and AS. All authors contributed to the article and approved the submitted version.



Funding

This work was supported, in part, by the Bill and Melinda Gates Foundation (INV-016943, INV-017035). Under the grant conditions of the Foundation, a Creative Commons Attribution 4.0 Generic License has already been assigned to the Author Accepted Manuscript version that might arise from this submission. Additional support for this work was provided by the National Science Foundation (IOS-BIO 2031753, 2031715, 2031888, 2031761), US National Institutes of Health (R01 HD092297-03, U01 AI131344-04S1), Washington State University Health Equity Research Center, USDA National Institute of Food and Agriculture (Hatch project IDA01643), and the Arkansas Children’s Research Institute. In-kind support was provided by Medela and Milk Stork. The funding agencies had no role in the collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.



Acknowledgments

We whole-heartedly thank all the families who participated in this study and kindly volunteered their time and effort to provide samples and information during a difficult time. We also gratefully acknowledge Jennifer Neelon (University of Idaho) for her expert and tireless assistance related to human subjects research approvals; Megan Grennille (University of Idaho) for oversight of biosafety issues during the pandemic; Jeremy Tamsen (University of Idaho) for assistance related to material transfers; Ann-Marie Bilderback (University of Idaho) for timely help with grant applications; Jennell Johnson, Romana Hyde, Cassandra Partridge, Victoria Wilk, Courtney Buchert, Taylor Dixon, Meghan Lewis, Brett Herrick, and Katlyn Scarrow (all from University of Idaho) for help with collection kit assembly and/or biospecimen processing; Caroline Smith, Josie Ash, and Matt Newsom (all from Washington State University) for data entry/management; the Pregnancy Coronavirus Outcomes Registry (PRIORITY) study; and the Better Outcomes through Research for Newborns (BORN) Network.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.801797/full#supplementary-material



References

1. Chen, H, Guo, J, Wang, C, Luo, F, Yu, X, Zhang, W, et al. Clinical Characteristics and Intrauterine Vertical Transmission Potential of COVID-19 Infection in Nine Pregnant Women: A Retrospective Review of Medical Records. Lancet (2020) 395:809–15. doi: 10.1016/s0140-6736(20)30360-3

2. Chambers, C, Krogstad, P, Bertrand, K, Contreras, D, Tobin, NH, Bode, L, et al. Evaluation for SARS-CoV-2 in Breast Milk From 18 Infected Women. JAMA (2020) 324:1347–8. doi: 10.1001/jama.2020.15580

3. Pace, RM, Williams, JE, Järvinen, KM, Belfort, MB, Pace, CDW, Lackey, KA, et al. Characterization of SARS-CoV-2 RNA, Antibodies, and Neutralizing Capacity in Milk Produced by Women With COVID-19. Mbio (2021) 12:e03192–20. doi: 10.1128/mbio.03192-20

4. Martenot, A, Labbassi, I, Delfils-Stern, A, Monroy, O, Langlet, C, Pichault-Klein, V, et al. Favorable Outcomes Among Neonates Not Separated From Their Symptomatic SARS-CoV-2-Infected Mothers. Pediatr Res (2020) 369:1–4. doi: 10.1038/s41390-020-01226-3

5. Groß, R, Conzelmann, C, Müller, JA, Stenger, S, Steinhart, K, Kirchhoff, F, et al. Detection of SARS-CoV-2 in Human Breastmilk. Lancet (2020) 395:1757–8. doi: 10.1016/s0140-6736(20)31181-8

6. Fenizia, C, Biasin, M, Cetin, I, Vergani, P, Mileto, D, Spinillo, A, et al. Analysis of SARS-CoV-2 Vertical Transmission During Pregnancy. Nat Commun (2020) 11:5128. doi: 10.1038/s41467-020-18933-4

7. Bastug, A, Hanifehnezhad, A, Tayman, C, Ozkul, A, Ozbay, O, Kazancioglu, S, et al. Virolactia in an Asymptomatic Mother With COVID-19. Breastfeed Med (2020) 15:488–91. doi: 10.1089/bfm.2020.0161

8. Dong, Y, Chi, X, Hai, H, Sun, L, Zhang, M, Xie, W-F, et al. Antibodies in the Breast Milk of a Maternal Woman With COVID-19. Emerg Microbes Infect (2020) 9:1467–9. doi: 10.1080/22221751.2020.1780952

9. Fox, A, Marino, J, Amanat, F, Krammer, F, Hahn-Holbrook, J, Zolla-Pazner, S, et al. Robust and Specific Secretory IgA Against SARS-CoV-2 Detected in Human Milk. iScience (2020) 23:101735. doi: 10.1016/j.isci.2020.101735

10. Demers-Mathieu, V, Do, DM, Mathijssen, GB, Sela, DA, Seppo, A, Järvinen, KM, et al. Difference in Levels of SARS-CoV-2 S1 and S2 Subunits- and Nucleocapsid Protein-Reactive SIgM/IgM, IgG and SIgA/IgA Antibodies in Human Milk. J Perinatol (2020) 12:1–10. doi: 10.1038/s41372-020-00805-w

11. van Keulen, BJ, Romijn, M, Bondt, A, Dingess, KA, Kontopodi, E, van der Straten, K, et al. Human Milk From Previously COVID-19-Infected Mothers: The Effect of Pasteurization on Specific Antibodies and Neutralization Capacity. Nutrients (2021) 13:1645. doi: 10.3390/nu13051645

12. Salvatore, CM, Han, J-Y, Acker, KP, Tiwari, P, Jin, J, Brandler, M, et al. Neonatal Management and Outcomes During the COVID-19 Pandemic: An Observation Cohort Study. Lancet Child Adolesc Heal (2020) 4:721–7. doi: 10.1016/s2352-4642(20)30235-2

13. Ronchi, A, Pietrasanta, C, Zavattoni, M, Saruggia, M, Schena, F, Sinelli, MT, et al. Evaluation of Rooming-in Practice for Neonates Born to Mothers With Severe Acute Respiratory Syndrome Coronavirus 2 Infection in Italy. JAMA Pediatr (2021) 175:260–6. doi: 10.1001/jamapediatrics.2020.5086

14. Self, WH, Tenforde, MW, Stubblefield, WB, Feldstein, LR, Steingrub, JS, Shapiro, NI, et al. Decline in SARS-CoV-2 Antibodies After Mild Infection Among Frontline Health Care Personnel in a Multistate Hospital Network - 12 States, April-August 2020. Morb Mortal Wkly Rep (2020) 69:1762–6. doi: 10.15585/mmwr.mm6947a2

15. Beaudoin-Bussières, G, Laumaea, A, Anand, SP, Prévost, J, Gasser, R, Goyette, G, et al. Decline of Humoral Responses Against SARS-CoV-2 Spike in Convalescent Individuals. mBio (2020) 11:398. doi: 10.1128/mbio.02590-20

16. Dan, JM, Mateus, J, Kato, Y, Hastie, KM, Yu, ED, Faliti, CE, et al. Immunological Memory to SARS-CoV-2 Assessed for Up to 8 Months After Infection. Science (2021) 371:eabf4063. doi: 10.1126/science.abf4063

17. Järvinen, KM, Westfall, JE, Seppo, MS, James, AK, Tsuang, AJ, Feustel, PJ, et al. Role of Maternal Elimination Diets and Human Milk IgA in the Development of Cow’s Milk Allergy in the Infants. Clin Exp Allergy (2014) 44:69–78. doi: 10.1111/cea.12228

18. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria (2021). Available at: https://www.R-project.org/.

19. Bates, D, Mächler, M, Bolker, B, and Scott, M. Fitting Linear Mixed-Effects Models Using Lme4. J Stat Softw (2015) 67:1–48. doi: 10.18637/jss.v067.i01

20. Finn, A, Zhang, Q, Seymour, L, Fasching, C, Pettitt, E, and Janoff, EN. Induction of Functional Secretory IgA Responses in Breast Milk, by Pneumococcal Capsular Polysaccharides. J Infect Dis (2002) 186:1422–9. doi: 10.1086/344356

21. Brady, RC, Jackson, LA, Frey, SE, Shane, AL, Walter, EB, Swamy, GK, et al. Randomized Trial Comparing the Safety and Antibody Responses to Live Attenuated Versus Inactivated Influenza Vaccine When Administered to Breastfeeding Women. Vaccine (2018) 36:4663–71. doi: 10.1016/j.vaccine.2018.06.036

22. Gray, KJ, Bordt, EA, Atyeo, C, Deriso, E, Akinwunmi, B, Young, N, et al. Coronavirus Disease 2019 Vaccine Response in Pregnant and Lactating Women: A Cohort Study. Am J Obstet Gynecol (2021) 225:P303.E1-303.E17. doi: 10.1016/j.ajog.2021.03.023

23. Perl, SH, Uzan-Yulzari, A, Klainer, H, Asiskovich, L, Youngster, M, Rinott, E, et al. SARS-CoV-2-Specific Antibodies in Breast Milk After COVID-19 Vaccination of Breastfeeding Women. JAMA (2021) 325:2013–4. doi: 10.1001/jama.2021.5782

24. Ramìrez, DSR, Pérez, MML, Pérez, MC, Isis, M, Hernández, S, Hospital, SMP, et al. SARS-CoV-2 Antibodies in Breast Milk After Vaccination. Pediatrics (2021) 148:e2021052286. doi: 10.1542/peds.2021-052286

25. Atyeo, C, DeRiso, EA, Davis, C, Bordt, EA, Guzman, RMD, Shook, LL, et al. COVID-19 mRNA Vaccines Drive Differential Antibody Fc-Functional Profiles in Pregnant, Lactating, and non-Pregnant Women. Sci Transl Med (2021) 13:eabi8631. doi: 10.1126/scitranslmed.abi8631

26. Roux, ME, McWilliams, M, Phillips-Quagliata, JM, Weisz-Carrington, P, and Lamm, ME. Origin of IgA-Secreting Plasma Cells in the Mammary Gland. J Exp Med (1977) 146:1311–22. doi: 10.1084/jem.146.5.1311

27. Manz, RA, Thiel, A, and Radbruch, A. Lifetime of Plasma Cells in the Bone Marrow. Nature (1997) 388:133–4. doi: 10.1038/40540

28. Hammarlund, E, Thomas, A, Amanna, IJ, Holden, LA, Slayden, OD, Park, B, et al. Plasma Cell Survival in the Absence of B Cell Memory. Nat Commun (2017) 8:1781. doi: 10.1038/s41467-017-01901-w

29. Lackey, KA, Pace, RM, Williams, JE, Bode, L, Donovan, SM, Järvinen, KM, et al. SARS-CoV-2 and Human Milk: What is the Evidence? Maternal Child Nutr (2020) 16:e13032. doi: 10.1111/mcn.13032

30. Tablante, EC, Rivera, MM, Finkelstein, JL, Solon, PR, Casal, MNG, Rogers, L, et al. Transmission of SARS-CoV-2 Through Breast Milk and Breastfeeding: A Living Systematic Review. Ann N Y Acad Sci (2020) 1484:32–54. doi: 10.1111/nyas.14477

31. Walker, K, O’Donoghue, K, Grace, N, Dorling, J, Comeau, J, Li, W, et al. Maternal Transmission of SARS-COV-2 to the Neonate, and Possible Routes for Such Transmission: A Systematic Review and Critical Analysis. Bjog Int J Obstet Gynaecol (2020) 127:1324–36. doi: 10.1111/1471-0528.16362

32. Dumitriu, D, Emeruwa, UN, Hanft, E, Liao, GV, Ludwig, E, Walzer, L, et al. Outcomes of Neonates Born to Mothers With Severe Acute Respiratory Syndrome Coronavirus 2 Infection at a Large Medical Center in New York City. JAMA Pediatr (2020) 175:157–67. doi: 10.1001/jamapediatrics.2020.4298

33. Congdon, JL, Kair, LR, Flaherman, VJ, Wood, KE, LoFrumento, MA, Nwaobasi-Iwuh, E, et al. Management and Early Outcomes of Neonates Born to Women With SARS-CoV-2 in 16 U.S. Hospitals. Am J Perinat (2021) 38:622–31. doi: 10.1055/s-0041-1726036

34. McGuire, MK, Seppo, A, Goga, A, Buonsenso, D, Collado, MC, Donovan, SM, et al. Best Practices for Human Milk Collection for COVID-19 Research. Breastfeed Med (2021) 16:29–38. doi: 10.1089/bfm.2020.0296

35. Sullivan, SE, and Thompson, LA. Best Practices for COVID-19-Positive or Exposed Mothers-Breastfeeding and Pumping Milk. JAMA Pediatr (2020) 174:1228. doi: 10.1001/jamapediatrics.2020.3341




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Pace, Williams, Järvinen, Meehan, Martin, Ley, Barbosa-Leiker, Andres, Yeruva, Belfort, Caffé, Navarrete, Lackey, Pace, Gogel, Fehrenkamp, Klein, Young, Rosen-Carole, Diaz, Gaw, Flaherman, McGuire, McGuire and Seppo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Milk From Women Diagnosed With COVID-19 Does Not Contain SARS-CoV-2 RNA but Has Persistent Levels of SARS-CoV-2-Specific IgA Antibodies

      

        		

          Background

        



        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Material and Methods

        

          		

            Experimental Design and Clinical Data/Sample Collection

          



          		

            Laboratory Analysis

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Cohort Characteristics

          



          		

            Evaluation of Milk and Breast Skin Swabs for the Presence of SARS-CoV-2 RNA

          



          		

            Longitudinal Assessment of Milk Specific IgA

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2021.801797_cover.jpg
’ frontiers

in Immunology

Milk From Women Diagnosed
With COVID-19 Does Not Contain
SARS-CoV-2 RNA but Has Persistent
Levels of SARS-CoV-2-Specific
IgA Antibodies





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Characteristic

No. (% or IQR)

Participants
Age,® median, y
Race
Asian
Black
White
Other
Not reported
BMI,° median, kg/m?
Parity,® median
Time postpartum,® median, wk
Breastfeeding status®
Exclusively breastfeeding
Mixed feeding
COVID-19 symptoms
Symptomatic
Asymptomatic
Infants tested for COVID-19¢
Positive diagnosis

64
33 (30-36)

102
3(5)
49 (77)
8(12)
3(5)
27 (23-31)
2(1-9)
18 (2-32)

19 37)
33 (63)

53 (83)
11(17)
20 (38)
7(35)

IQR, interquartile range; BMI, body mass index; COVID-19, coronavirus disease 2019.
%, Missing data from 1 participant; °, Missing data from 4 participants; ©, Missing data from
12 participants; °, Missing data from 11 participants; Percentages may not sum to 100

due to rounding.





OEBPS/Images/table2.jpg
Sign/symptom OR (95% CI)

Cough 4.78 (1.59-14.38)"
Dyspnea 0.91 (0.15-5.52)
Rhinorrhea/nasal congestion 2.94 (0.86-10.07)
Sneeze 0.22 (0.01-3.26)

**P<.01; n=116 breast skin swabs from 43 participants; OR, odds ratio; Cl, confidence interval.





OEBPS/Images/fimmu-12-801797-g001.jpg
>
=]

—

o

o
1

Percentage positive tor anti-RBD IgA
Concentration of anti-RBD IgA (AU)

Persistent IgA (77%) Transient IgA (15%) IgA negative (8%)

1001

T r T T T r T T T

T T
0 20 40 60 0 20 40 60 0 20 40 60
Time from symptom onset (days)






