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Evaluation of Messenger RNA
From COVID-19 BTN162b2
and mRNA-1273 Vaccines in Human Milk
Messenger RNA (mRNA) vaccines against COVID-19 were
recently approved under an emergency use authorization.1

However, there is a paucity of data regarding vaccine
safety in pregnant or lactat-
ing individuals who were
excluded from phase 3 clini-
cal trials,2,3 and many moth-
ers have declined vaccina-

tion or decided to discontinue breastfeeding (temporarily or
permanently) due to concern that maternal vaccination may
alter human milk. The World Health Organization recom-
mends that breastfeeding individuals be vaccinated and
does not advise cessation of breastfeeding following vaccine
administration.4,5 The Academy of Breastfeeding Medicine
states that there is little plausible risk that vaccine nanopar-
ticles or mRNA would enter breast tissue or be transferred
to milk,6 which could theoretically result in priming of
infant immune responses that could alter childhood immu-
nity. However, there are no direct data. To address this
knowledge gap, we analyzed milk samples to determine if

vaccine-related mRNA was detectable in human milk after
vaccination.

Methods | The institutional review board of the University of
California, San Francisco, approved the study. Written
informed consent was obtained from all study volunteers
in the COVID-19 Vaccine in Pregnancy and Lactation
(COVIPAL) cohort study from December 2020 to February
2021. Clinical data were collected by questionnaires. Self-
collected milk samples were kept on ice or immediately fro-
zen (at home) until arrival in the laboratory. Samples were
collected prior to vaccination and at varied time points up
to 48 hours after vaccination. Total RNA was isolated from
milk components using the RNeasy Mini Kit (Qiagen). We
performed real-time quantitative polymerase chain reaction
assay targeting the mRNA used in the COVID-19 mRNA-
based vaccines. The BNT162b2 (Pfizer) and mRNA-1273
(Moderna) vaccines were separately inoculated into prevac-
cination milk samples, which were processed by the same
protocols and used as positive controls for this assay
(eMethods in the Supplement); prevaccination milk samples
were used as negative controls. Based on standard curves,
we found that the lower detection limit of our assay was
0.195 pg and 1.5 pg for the BNT162b and mRNA-1273 vac-
cines, respectively. Because vaccine uptake and mRNA
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Table. Demographic Information on Study Participants and the Samples Collected for Analysis From Each Participant

Participant No. Age, y Vaccine type Time point

Collection method Milk fraction

Fresh Frozen
Super-
natant Fat Cells

1 40s BNT162b2 Prevaccination NT T T NT NT

24 h After dose 1 NT T T T NT

2 30s BNT162b2 Prevaccination NT T T T NT

24 h After dose 1 NT T T T NT

24 h After dose 2 T NT T T NT

3 40s BNT162b2 24 h After dose 1 T NT T T NT

4 30s mRNA-1273 8 h After dose 1 NT T T T NT

22 h After dose 1 NT T T T NT

28 h After dose 1 NT T T T NT

33 h After dose 1 NT T T T NT

48 h After dose 1 NT T T T NT

4 h After dose 2 NT T T T NT

5 30s BNT162b2 24 h After dose 1 T NT T T NT

6 20s BNT162b2 Prevaccination NT T T T T

24 h After dose 1 T NT T T T

7 40s mRNA-1273 Prevaccination T NT T T NT

24 h After dose 2 T NT T T NT

Abbreviations: NT, not tested; T, tested.
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content may differ between milk fractions, we analyzed
supernatant and fat separately for all milk samples. Two
samples that had sufficient milk cellular material were ana-
lyzed separately. A single freeze/thaw cycle of vaccine-
inoculated milk samples did not negatively affect mRNA
detection compared with fresh samples. Positive controls
had higher levels of mRNA-1273 in the fat layer than in the
milk supernatant. QuantStudio Software version 1.7.1 (Ap-
plied Biosystems) and Prism version 9.1.0 (GraphPad) were
used for analyses.

Results | A total of 7 breastfeeding mothers (mean [SD] age, 37.8
[5.8] years) volunteered for this study (Table). Their children
ranged in age from 1 month to 3 years. Postvaccination milk
samples were collected 4 to 48 hours after administration of
the BNT162b2 (n = 5) or mRNA-1273 (n = 2) vaccines. Analy-

sis of 13 human milk samples collected 24 hours after vacci-
nation, including multiple time points (4 to 48 hours) from a
single participant, revealed that none of the samples showed
detectable levels of vaccine mRNA in any component of the
milk (Figure).

Discussion | Vaccine-associated mRNA was not detected in 13
milk samples collected 4 to 48 hours after vaccination from
7 breastfeeding individuals. These results provide impor-
tant early evidence to strengthen current recommendations
that vaccine-related mRNA is not transferred to the infant
and that lactating individuals who receive the COVID-19
mRNA-based vaccine should not stop breastfeeding. In
addition, any residual mRNA below the limits of detection
in our assay would undergo degradation by the infant gas-
trointestinal system, further reducing infant exposure.

Figure. Quantitative Polymerase Chain Reaction Analysis of Human Milk Samples Postvaccination
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A, Vaccine messenger RNA (mRNA) standard curves. Standard curves for
mRNA-1273 (Moderna) and BNT162b2 (Pfizer) vaccines were generated to
enable calculation of COVID-19 vaccine mRNA concentration in postvaccination
human milk samples (eMethods in the Supplement). B, mRNA-1273 or
BNT162b2 vaccines were inoculated into prevaccine milk samples to assess the
effect of a single freeze/thaw cycle on the vaccine mRNA detection. C, mRNA
concentrations of milk samples 24 hours postvaccine and inoculated controls

were calculated based on equations from standard curves. Sample names stand
for participant (P) number and if sample was collected after first (D1) or second
(D2) vaccine dose, and the number of hours postvaccination. Control samples
are the milk samples inoculated with the mRNA-1237 vaccine, with the
concentrations of vaccine added to each sample noted. BDL indicates below
detectable levels. Error bars indicate SDs.
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Limitations of this study are the small sample size and
few participants who received the mRNA-1273 vaccine.
In addition, milk storage conditions may affect mRNA
stability. Clinical data from larger populations are needed
to better estimate the effect of these vaccines on lactation
outcomes.
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Low-Density Lipoprotein Cholesterol
Trajectories and Prevalence of High Low-Density
Lipoprotein Cholesterol Consistent With
Heterozygous Familial Hypercholesterolemia
in US Children
High childhood low-density lipoprotein cholesterol
(LDL-C) levels often track into adulthood and contribute
to atherosclerosis later in life. Therefore, it is important

to understand LDL-C levels
during childhood to inform
primordial prevention of
high LDL-C levels and down-

stream atherosclerosis. However, age-related longitudinal
LDL-C trajectories during childhood have not been
well characterized.1 Additionally, childhood prevalence of
very high LDL-C levels consistent with the phenotype of
familial hypercholesterolemia (FH) in the US is largely
unknown.2

Methods | We included participants from 4 of the US cohorts
contributing to the International Childhood Cardiovascular
Cohort (i3C) Consortium, a collaboration of 7 longitudinal
studies initiated in childhood (eMethods in the Supplement).3

The study protocols were approved by the local institutional
review boards. All participants or their legal guardians pro-
vided written informed consent.

In this analysis, we included US i3C participants who
had at least 1 LDL-C measure between ages 3 and 17 years.
Demographic characteristics and LDL-C levels were mea-

Supplemental content

Letters

jamapediatrics.com (Reprinted) JAMA Pediatrics October 2021 Volume 175, Number 10 1071

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 09/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2021.1929?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.1929
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.1929
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.1929
mailto:stephanie.gaw@ucsf.edu
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/emergency-use-authorization-vaccines-prevent-covid-19
https://dx.doi.org/10.1056/NEJMoa2034577
https://dx.doi.org/10.1056/nejmoa2035389
https://www.who.int/publications/i/item/interim-recommendations-for-use-of-the-moderna-mrna-1273-vaccine-against-covid-19
https://www.who.int/publications/i/item/interim-recommendations-for-use-of-the-moderna-mrna-1273-vaccine-against-covid-19
https://www.who.int/publications/i/item/background-document-on-mrna-vaccine-bnt162b2-(pfizer-biontech)-against-covid-19
https://www.who.int/publications/i/item/background-document-on-mrna-vaccine-bnt162b2-(pfizer-biontech)-against-covid-19
https://www.who.int/publications/i/item/background-document-on-mrna-vaccine-bnt162b2-(pfizer-biontech)-against-covid-19
https://abm.memberclicks.net/abm-statement-considerations-for-covid-19-vaccination-in-lactation
https://abm.memberclicks.net/abm-statement-considerations-for-covid-19-vaccination-in-lactation
https://abm.memberclicks.net/abm-statement-considerations-for-covid-19-vaccination-in-lactation
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2021.1929?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.2046
https://jamanetwork.com/journals/ped/fullarticle/10.1001/jamapediatrics.2021.2046?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.2046
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.2046

