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Abstract

:

Objective: The objective of this research is to demonstrate the release of SARS-CoV-2 Spike (S) antibodies in human milk samples obtained by patients who have been vaccinated with mRNABNT162b2 vaccine. Methods: Milk and serum samples were collected in 10 volunteers 20 days after the first dose and 7 seven days after the second dose of the mRNABNT162b2 vaccine. Anti-SARS-CoV-2 S antibodies were measured by the Elecsys® Anti-SARS-CoV-2 S ECLIA assay (Roche Diagnostics AG, Rotkreuz, Switzerland), a quantitative electrochemiluminescence immunometric method. Results: At first sample, anti-SARS-CoV-2 S antibodies were detected in all serum samples (103.9 ± 54.9 U/mL) and only in two (40%) milk samples with a low concentration (1.2 ± 0.3 U/mL). At the second sample, collected 7 days after the second dose, anti-SARS-CoV-2 S antibodies were detected in all serum samples (3875.7 ± 3504.6 UI/mL) and in all milk samples (41.5 ± 47.5 UI/mL). No correlation was found between the level of serum and milk antibodies; the milk antibodies/serum antibodies ratio was on average 2% (range: 0.2–8.4%). Conclusion: We demonstrated a release of anti-SARS-CoV-2 S antibodies in the breast milk of women vaccinated with mRNABNT162b2. Vaccinating breastfeeding women could be a strategy to protect their infants from COVID-19 infection.
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1. Introduction


One year after the beginning of the COVID-19 pandemic, the COVID-19 vaccine was introduced in European countries as an important gamechanger in the battle against COVID-19. The European Medicine Agency (EMA) has currently authorized four different vaccines: Pfizer/BioNtech Comirnaty mRNABNT162b2 and Moderna mRNA-1273, that are COVID-19 mRNA vaccines; COVID-19 Vaccine AstraZeneca (ChAdOx1-S [recombinant]) and Janssen (Johnson & Johnson) (Ad26.COV2-S (recombinant)), that are recombinant vaccines (https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-COVID-19/treatments-vaccines/vaccines-COVID-19/COVID-19-vaccines-authorised#authorised-COVID-19-vaccines-section accessed on 27 March 2021).



Before the beginning of the vaccination campaign in Europe, clinical trials for the COVID-19 vaccines currently authorised for use did not include people younger than 16 years old (for mRNABNT162b2) or 18 years old (for the others), pregnant women, and people who were breastfeeding [1]. Very recently, data on the safety of the vaccine also in adolescents (older than 12 years old) [2] and pregnant women [3] have been published.



Considering that the COVID-19 vaccines currently used are not based on replication-competent viruses and other non-replicating viral vaccines are safe during breastfeeding, the Centers for Disease Control and Prevention (CDC) stated that lactating women may choose to be vaccinated [4].



Similarly, the Academy of Breastfeeding Medicine (ABM) [5], the American College of Obstetrics and Gynecology (ACOG) [6], and the Royal College of Obstetrics and Gynecology (RCOG) [7] recommended that COVID-19 vaccines should be offered to lactating individuals.



It has been reported that COVID-19 antibodies can be detected in patients that were infected by COVID-19, and they could provide passive immunity to breastfed infants [6].



Data related to the presence of SARS-CoV-2 antibodies in breastmilk are still very limited.



The aim of our study was to demonstrate the release of SARS-CoV-2 Spike (S) antibodies in human milk samples obtained by patients who have been vaccinated with the mRNABNT162b2 vaccine.




2. Materials and Methods


This was a cohort prospective observational study. We included volunteers vaccinated with the mRNABNT162b2 vaccine despite breastfeeding. A previous SARS-CoV-2 infection was considered exclusion criteria. Only patients with a known negative serology for SARS-CoV-2, performed not more than 1 week before the first injection of vaccine, were included. We also collected samples by a negative control (with negative serology and not being vaccinated). All patients signed a written consent form, and the study has been approved by the local Ethical Committee (140/20/ES2COVID19). All information regarding human material was managed using anonymous numerical codes, and all samples were handled in compliance with the Helsinki Declaration (http://www.wma.net/en/30publications/10policies/b3/ accessed on 27 March 2021).



A questionnaire was administered to collect patients characteristics and length of breastfeeding. All data were recorded on a dedicated database. Data entering was double-checked by L.S and D.T.



A blood sample and a milk sample were collected twice: the day before (T1) and 7 days after the second dose of vaccine (T2).



Human milk samples of 4 mL were collected with clean breast pumps into sterile plastic containers and stored at −80 °C.



Patients were asked to collect milk samples before breastfeeding. Therefore, foremilk was collected, which is watery and with a lower fat concentration. All samples were collected in the morning, just before the appointment we had planned for the blood sample.



Blood samples were collected using a BD vacutainer (Becton Dickinson, Oxfordshire, UK) blood collection red tube (with no additives). After centrifugation, the serum was immediately stored at −80 °C.



Milk samples were thawed at 37 °C in a water bath for 10 min and centrifuged at 1300× g at 4 °C for 20 min to obtain delipidation. The solidified lipid layer was pierced with a pipette, and the soluble phase was carefully withdrawn. If necessary, centrifugation was repeated, and the clear supernatants were used for the detection of anti-SARS-CoV-2 S antibodies.



Milk and serum samples were tested using the Elecsys® Anti-SARS-CoV-2 S ECLIA assay (Roche Diagnostics AG, Rotkreuz, Switzerland) performed on the Cobas e 801 analyzer (Roche Diagnostics) according to the manufacturers’ instruction, as already reported in a previous study [8]. This assay (Ref. # 09289275190) is a quantitative electrochemiluminescence immunometric method that assesses the concentration of a subject’s total immunoglobulin using a recombinant S protein (receptor binding domain) of SARS-CoV-2. Anti-SARS-CoV-2 S (total antibodies) were measured automatically by the analyser, which compares the electrochemiluminescence signal obtained from the reaction product of the sample with the signal previously obtained by calibration. The dynamic range of the assay is 0.40–250 U/mL. For values higher than 250 U/mL, the analyser automatically makes a 1:10 dilution.



Population characteristics were summarised by a descriptive statistic. Data were presented as mean ± standard deviation for continuous variables and number (percentage) for categorical variables. Correlation between antibody title in serum and milk was assessed by Spearman coefficient.



Statistical analysis was performed using SPSS 26.0 (SPSS Inc., Chicago, IL, USA).




3. Results


Ten women gave their consent to participate in the study. Characteristics of the study population are summarised in Table 1. All included women were Italian White. The mean age was 34.8 ± 4.2 years. The mean duration of breastfeeding at the time of the first dose of vaccine was 11 ± 5.1 months. The last pregnancy was singleton in all cases. All included women followed the recommended schedule for the mRNABNT162b2 vaccine (first dose at day 0 and second dose after 21 days). For 5 out of 10 women, we were able to collect serum and milk samples before and after the second dose of vaccine, while, for the remaining five, we collected both samples only 7 days after the second dose.



At T1, anti-SARS-CoV-2 S antibodies were detected in all serum samples (103.9 ± 54.9 U/mL) and only in two (40%) milk samples with a low concentration (1.2 ± 0.3 U/mL).



Serum antibody levels were higher in women with detectable anti S antibodies in milk samples; however, the difference was not significant (149 ± 26.9 U/mL vs. 73.8 ± 47.8 U/mL; p = 0.145).



At T2, anti-SARS-CoV-2 S antibodies were detected in all sera (3875.7 ± 3504.6 UI/mL) and in all milk samples (41.5 ± 47.5 UI/mL). Anti-SARS-CoV-2 antibodies values in serum and milk samples are reported in Figure 1. No correlation was found between the level of serum and milk antibodies; milk antibodies/serum antibodies ratio was on average 2% (range: 0.2–8.4%). All patients received the second dose 21 days after the first one. The horizontal dotted line represents the cut-off of Elecsys immunoassay.




4. Discussion


Before the beginning of the vaccination campaign in Europe, the currently authorised vaccines have not been tested in specific subgroups such as pregnant and lactating women and, therefore, these categories were initially excluded from the vaccination campaign. While it has been established that SARS-CoV-2 RNA is not present in the breast milk of infected patients [9] and that in case of natural infection SARS-CoV-2 S antibodies are released in human milk [10], nowadays, only a few data are available about the effects of COVID-19 vaccines on breastfed infants. In our study, we analysed the presence of SARS-CoV-2 S antibodies in human milk samples of a cohort of 10 volunteers who were fully vaccinated with two doses of the COVID-19 vaccine mRNABNT162b2. We demonstrated the presence of antibodies in all samples of milk collected 7 days after the second dose. However, milk samples collected after the first dose did not show detectable SARS-CoV-2 antibodies in more than half of the cases, and, when present, the levels were very low. This timing is in agreement with the immunogenicity of mRNABNT162b2 vaccine, which showed a dose-dependent S protein-specific IgG increase [11].



Considering that we observed a significant increase in the serum level of antibodies after the second dose (up to 137 times), it is possible to speculate that it is necessary to reach threshold levels for the release of antibodies in human milk. However, we did not find a correlation between serum and milk antibodies. This can be related to the fact that many factors can affect antibodies’ concentration in human milk. Ig G and Ig A concentrations change across lactation, and it is higher in late breastfeeding [12]. Women included in our study have a different length of lactation, ranging from 3 to 20 months, and this variability could affect the results.



In this study, we used a SARS-CoV-2 anti-S assay ideally designed to detect IgA, IgM, and IgG, that predominantly reveals IgG [13], suggesting that the post-vaccine milk probably contains a majority of IgG. In previous studies, an IgA-dominant response has been observed in the breast milk of previously infected women [14,15].



This observation might be based on the different exposure routes of the mothers to viral antigen: the vaccinated via intramuscular injection, the infected via the mucosa, thus in the second group, the IgA play a pivotal role.



We can speculate that vaccine-specific response was not overlooked by IgA, but there is a time-dependent increase of IgG/IgA ratio, according to what has also been observed after Respiratory Syncytial Virus (RSV) infection [16].



Moreover, data from the study by Perl et al., demonstrating a spike in IgG 1 week after the second dose, is consistent with our results [8]. Gray et al. also demonstrated an increase of IgG levels after the second dose, while such a boost was not observed for IgM and IgA [17].



Unfortunately, another study [18] did not report anti-SARS-CoV2 levels before the second dose.



The main limitation of this study is the small sample size that makes it difficult to evaluate any statistical correlation or any trends in breastmilk antibody concentrations in association with maternal characteristics. Moreover, we included only women vaccinated with the BNT162b2 vaccine. However, since data on this topic is very limited, and some previous studies also reported on a small group of lactating women [18], we think our results can support the already known evidence. The range of durations of lactation for included patients is wide, making data difficult to generalise. Other limitations are related to the methodology: we did not characterise immunoglobulins subtypes in breast milk, and we did not evaluate the fraction of neutralising antibodies in breastmilk by in vitro competitive-blocking assay. Finally, the short duration of the follow-up period after the second dose of vaccine does not allow the assessment of the durability of the milk antibodies responses.



However, if confirmed, the predominance of IgG in breastmilk is particularly relevant since it has been already demonstrated their key role in neonatal immunity against other pathogens target of vaccines such as influenza and RSV [19].



To the best of our knowledge, this is the first European study demonstrating the release of SARS-CoV-2 S antibodies in human milk of breastfeeding women after COVID-19 vaccine mRNABNT162b2. Even if data are very limited and we cannot conclude that antibodies found can have a role in protecting newborns against COVID-19 infection based on our results, demonstrating the presence of neutralising antibodies in breast milk can support future studies addressing the type, the neutralising ability, and the duration of antibody response in human milk, which will allow better clinical management of this very relevant issue.
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Figure 1. Log10 anti-SARS-CoV 2 S protein antibodies in maternal serum (A) and U/mL anti-SARS-CoV 2 S protein antibodies values in milk samples (B) in patients tested 20 and 28 days after the first dose (n = 5). 
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Table 1. Main characteristics and antibodies levels in serum and milk samples of the study population.
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	Age
	Gravidity
	Parity
	Gestational Age at Delivery

(Weeks)
	Complication during Pregnancy
	Chronic Conditions
	Lenght of Breastfeeding (Months)
	Anti SARS-CoV2 T1 UI/mL

(Serum)
	Anti-SARS CoV2 T2 UI/mL

(Serum)
	Anti SARS CoV2 T1 UI/mL

(Milk)
	Anti SARS CoV2 T2 UI/mL

(Milk)





	Patient 1
	34
	2
	0
	33
	Severe preeclampsia

Abruptio placenta
	None
	5
	103.8
	1615
	<0.4
	15.5



	Patient 2
	30
	1
	0
	32
	pPROM and preterm labour
	None
	12
	168
	10,879
	0.97
	39.9



	Patient 3
	32
	1
	0
	39
	None
	None
	16
	99
	5616
	<0.4
	16.2



	Patient 4
	32
	1
	0
	39
	None
	None
	15
	NA
	1896
	NA
	160



	Patient 5
	39
	1
	0
	40
	None
	None
	8
	130
	1683
	1.36
	80.7



	Patient 6
	37
	2
	1
	35
	pPROM and preterm labour
	None
	9
	NA
	1740
	NA
	48.8



	Patient 7
	37
	2
	1
	39
	None
	None
	10
	18.7
	2575
	<0.4
	23.5



	Patient 8
	34
	3
	1
	41
	None
	None
	3
	NA
	2079
	NA
	6.37



	Patient 9
	30
	1
	0
	40
	None
	None
	20
	NA
	9266
	NA
	16.4



	Patient 10
	43
	2
	1
	38
	None
	None
	12
	NA
	1408
	NA
	7.31
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