
568	 journal of law, medicine & ethics
The Journal of Law, Medicine & Ethics, 47 (2019): 568-578. © 2019 The Author(s)

DOI: 10.1177/1073110519897732

Bacterial 
Baptism: 
Scientific, 
Medical, and 
Regulatory Issues 
Raised by Vaginal 
Seeding of 
C-Section-Born 
Babies
Noel T. Mueller, Suchitra K. 
Hourigan, Diane E. Hoffmann, 
Lauren Levy, Erik C. von 
Rosenvinge, Betty Chou, and 
Maria-Gloria Dominguez-Bello

Background
The global Cesarean section (C-section) rate nearly 
doubled between 2000 and 2015 when epidemiolo-
gists estimate that 21.1% of births occurred via C-sec-
tion, with wide disparities in C-section rates ranging 
from 44.3% in Latin America and the Caribbean to 
only 4.1% in west and central Africa.1 According to 
the Centers for Disease Control and Prevention, the 
rate of C-section in the US was 31.9% in 2016.2 While 
medically necessary C-sections can save the lives of 
mothers and infants, the World Health Organization 
has concluded, “at [the] population level, Cesarean 
section rates higher than 10% are not associated with 
reductions in maternal and newborn mortality rates.”3 
The perceived overuse of C-section in many regions 
has led the International Federation of Gynecology 
and Obstetrics to label C-section use an “epidemic.”4 

The global rise in C-section deliveries portends 
concern not only for women’s health, but also for 
the health of the offspring who enter the world with 
this exposure.5 Data from prospective birth cohorts 
have shown that C-section delivery is associated with 
greater offspring weight gain and adiposity over the 
first year of life,6 as well as greater risk of becoming 
overweight or obese in childhood7 and adulthood.8 
The delivery mode-obesity link has been confirmed by 
3 meta-analyses, with the most recent showing that 
C-section increases offspring obesity risk by 34%.9 In 
addition to obesity, C-section has been associated with 
offspring risk of asthma, allergies, and other immune-
related disorders.10 While early findings on this topic 
were mixed,11 a more recent population-based study 
in Denmark, with more than 2 million children fol-
lowed over a 35-year period, found C-section delivery 
was associated with increased risk of asthma, systemic 
connective tissue disorders, juvenile arthritis, inflam-
matory bowel disease, immune deficiencies, and leu-
kemia.12 Moreover, in a Swedish cohort of over 1 mil-
lion participants, C-section delivered children had a 
21% higher risk of developing food allergies.13 
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We and other scientists have hypothesized that the 
observed associations of C-section delivery with off-
spring health conditions are, at least in part, due to 
non-transmission of vaginal microbes from mother 
to newborn at birth.14 Infants born vaginally harbor 
bacterial communities that resemble their mother’s 
vaginal microbiota, while those born by C-section har-
bor communities similar to those found on the skin.15 
While randomization to delivery mode is not ethi-
cal, it is ethical and feasible to randomize C-section 
delivered neonates to be exposed vs. not exposed to 
their mother’s vaginal microbiota, which they would 
have received had they not been C-section delivered. 
Such an experimental design affords the unique abil-
ity to test whether maternal vaginal microbiota indeed 
affects infant microbiota development and disease risk.

Vaginal Seeding
Vaginal seeding is a technique that uses gauze to trans-
fer the maternal vaginal microbiota from the mother’s 
vagina to a newborn delivered by C-section (see Fig-
ure 1). The theory behind this technique is that it will 

restore the newborn’s microbiota to a state 
that more closely resembles that of a vagi-
nally born baby and, therefore, possibly 
decrease the risk of C-section-associated 
diseases.16 

Dominguez-Bello and colleagues demon-
strated in a non-randomized trial that vagi-
nal seeding was associated with partial res-
toration of the microbiota of C-section born 
infants.18 However, it remains unknown if 
this improves health outcomes. It is also 
unknown if exposure to vaginal fluids may 
pose a minimal risk of transmission of 
vaginal pathogens to infants. There is one 
reported case in the literature of localized 
neonatal herpes simplex virus infection fol-
lowing vaginal seeding performed outside 
of a research protocol.19 While this single 
case report cannot prove whether the infec-
tion was attributable to vaginal seeding or 
another factor (e.g. kissing the baby), it does 
highlight the need for further research in a 
carefully monitored research setting.

Due to the scarcity of data on the benefits 
of vaginal seeding and concerns about its 
safety, clinicians have been advised against 
performing the procedure. In a 2016 edito-
rial in the British Medical Journal, provid-
ers from several hospitals in the UK and 
Australia cautioned clinicians “not to per-
form vaginal seeding because we believe 
the small risk of harm cannot be justified 

without evidence of benefit.”20 Similarly, the American 
College of Obstetricians and Gynecologists (ACOG) 
does not recommend the use of vaginal seeding out-
side of a research protocol approved by a human sub-
jects review board.21 ACOG’s statement on vaginal 
seeding notwithstanding, there is anecdotal evidence 
to suggest that women scheduled to deliver babies 
via C-section are increasingly requesting that vaginal 
seeding be performed.22

Development of the Infant Microbiome and 
the Rationale for Vaginal Seeding
The typical microbiome development of a vaginally 
delivered newborn begins at birth when microor-
ganisms from the maternal vagina, intestine, and 
skin colonize the baby. In general, the first coloniz-
ers are typically facultative anaerobes, after which 
strict anaerobes begin colonizing the gut over the first 
months, and eventually becoming adult-like around 
the age of 2 to 3 years.23 The microbial developmental 
trajectory of a C-section delivered infant is altered from 
that of a vaginally delivered infant. Vaginally delivered 

Figure 1
The Vaginal Seeding Process17 

Step 1: Gauze is incubated in the mother’s vagina for one hour prior to 
C-section and prior to the administration of peri-C-section antibiotics.  
Step 2: The gauze is removed and stored during the C-section procedure.  
Step 3: Immediately after delivery, the infant is swabbed with the vaginal 
secretions, starting with the mouth, then the face, and finally the rest of the body.
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infants acquire bacterial communities resembling 
their own mother’s vaginal microbiota, dominated by 
Lactobacillus, Prevotella, or Sneathia spp., whereas 
C-section infants harbor more bacterial communities 
typically found on the skin surface, e.g., Staphylococ-
cus, Corynebacterium, and Propionibacterium spp.24 
Colonization by several taxa common in the intestinal 
microbiota of vaginally delivered neonates (e.g., spe-
cies of the genera Bacteroides, Bifidobacterium, and 
Lactobacillus) is often delayed or absent in C-section 
delivered neonates.25 The suspended development of 
these key bacteria can have important consequences 
for the infant, ranging from delayed immune system 
development to inability to fully metabolize oligosac-
charides found in human breast milk.26

More than 20 studies, many longitudinal with 
repeated samples, have identified differences in the 
microbiota of vaginal versus C-section delivered 
infants.27 Yet, there is still some debate about how long 
the differences persist.28 One study found cross-sec-
tional differences in 152 newborns at birth, but these 
differences were less apparent among the 60 infants 
who were not lost to follow-up at 6 weeks.29 Lack of 
observed association at 6 weeks in this study may have 
been due to the small sample size, bias introduced by 
differential loss to follow up, or differential distribu-
tion of factors that modify or mediate the influence of 
microbiome seeding. A larger and more recent pro-
spective study on this topic found that delivery-mode 
differences in microbiome compositions persist out 
to at least 4 years of age.30 Regardless of how long the 
impact on the microbiome remains, perturbation of the 
infant microbiome during a critical window of devel-
opment may result in lasting health consequences.31

The rationale for efforts to restore the microbes that 
C-section born infants lack by facilitating this expo-
sure through vaginal seeding is that infants will be 
colonized by the primordial human-evolved microbes 
that have colonized generations of babies at birth. If 
microbes are involved in the etiology of C-section-
associated diseases, the hypothesis is that normal-
izing the first microbial exposure should normalize 
microbial development, facilitate programming of 
the immune system, and, ultimately, protect against 
C-section-associated diseases. Without random-
ized trials to test the hypothesis that vaginal seeding 
improves health in C-section babies, we will simply 
never know the answer to whether this increasingly 
popular technique has health benefits or risks. 

Vaginal Seeding in Clinical Trials and 
Clinical Practice
Researchers, anxious to understand the impact of vag-
inal seeding on the long-term health of children, have 

already begun to conduct clinical trials to evaluate the 
safety and effectiveness of the procedure. Currently, 
there are at least two vaginal seeding trials underway 
in the US (NCT03298334, NCT03567707) and one 
in China (NCT03809390), per ClinicalTrials.gov.32 
Several coauthors of this article (Dominguez-Bello, 
Hourigan, Mueller) are conducting a randomized 
controlled trial examining the impact of the vaginal 
microbiome on the health outcomes of babies born via 
C-section.33 The trial is taking place at Inova Health 
Care System in northern Virginia (“The Inova Study”). 
The second US trial is taking place at Mt. Sinai Hos-
pital in New York. 

The initial Inova Study of 50 mother-infant pairs, 
designed to better understand the study’s recruit-
ment/enrollment potential and to optimize study 
processes, is a beta version of a much larger planned 
and approved randomized controlled trial that will 
rigorously test whether vaginal seeding affects weight 
over the first 2 years after birth. In the original study 
protocol, the inclusion criteria included negative 
maternal testing for infections transmitted through 
vaginal and/or other body fluids performed as stan-
dard of care tests in early pregnancy,34 negative test-
ing for Group B streptococcus at 35-37 weeks, and no 
symptoms of possible vaginal infection such genital 
lesions on delivery admission. As part of the approval 
process, FDA required the study team to modify the 
inclusion/exclusion criteria to include negative mater-
nal testing for sexually transmitted diseases including 
gonorrhea, chlamydia, hepatitis B, hepatitis C, syphi-
lis, and human immunodeficiency virus (HIV) again 
after 35 weeks gestation. The agency required the 
same modification for the clinical trial of vaginal seed-
ing currently underway at Mt. Sinai Hospital in New 
York.35 Among the mother-neonate dyads included in 
the Inova study to date, no adverse events related to 
vaginal seeding have been reported. 

The Inova Study has received considerable attention 
from pregnant women in the community, other states, 
and the media.36 The study team has also received 
requests for information from families wanting to per-
form vaginal seeding themselves, and, at this time, they 
are advising that “vaginal seeding should not be per-
formed outside the context of an institutional review 
board-approved research protocol until adequate data 
regarding the safety and benefit of the process become 
available” as per the ACOG Committee Opinion.37

These requests may be fueled by podcasts and posts 
on the internet from a vocal community of support-
ers for a so-called “natural” approach to childbirth.38 
As requests for vaginal seeding have increased, several 
doctors have posted pieces on online media sites and 
blogs. Many of these pieces39 echo the ACOG recom-
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mendations but some take a decidedly more critical 
position (see, e.g., a 2016 Slate article titled: “Forget 
What You’ve Read. Swabbing Your Baby with Vagi-
nal Juices is Pointless and Weird.”).40 An article on 
the blog “The Skeptical OB” titled “Warning: vaginal 
seeding doesn’t work and may be harmful,” dismisses 
vaginal seeding as “a paradigm of much of what passes 
for ‘evidence’ in the world of natural childbirth.”41 

ACOG has stated the need for studies that determine 
if vaginal seeding has benefits or risks for health.42 
There is a pressing need for evidence-based guidance 
to clinicians and patients, and the compelling scien-
tific evidence needs to be provided by randomized 
clinical trials that will show whether vaginal seeding 
has health benefits that outweigh any potential risks.

Regulatory and Ethical Issues Associated 
with Vaginal Seeding
Regulation of Vaginal Seeding and the Vaginal 
Microbiome — Is it a Biologic or Drug (or Neither)?
An initial issue for any researcher conducting a clinical 
trial is whether submission of an Investigational New 
Drug Application (IND) to the US Food and Drug 
Administration (FDA) is required. While the practi-
cal requirement for an IND is to allow the testing of 
unapproved drugs and biologics in humans, the legal 
requirement for an IND is based on whether or not 
the treatment being tested is a biologic43 or a drug that 
has a connection to interstate commerce. The Fed-
eral Food, Drug, and Cosmetic Act defines the term 
drug, in part, as any article “intended for use in the 
diagnosis, cure, mitigation, treatment or prevention 
of disease in man or other animals” or a “substance 
(other than food) intended to affect the structure or 
any function of the body.”44 Thus, the definition is tied 
to the researcher’s or manufacturer’s intent. FDA’s 
authority to require an IND stems from its authority 
under the Food, Drug, and Cosmetic Act to prevent 
the distribution of adulterated or misbranded prod-
ucts in interstate commerce. An unapproved drug is 
considered misbranded. 

When a novel substance is being tested in human 
clinical trials, FDA has on many occasions issued an 
Industry Guidance document informing the research 
community as to how the substance will be regulated 
and whether or not an IND is required.45 FDA has 
not as yet issued public guidance on vaginal seeding; 
however, as they did in the early days with fecal micro-
biota transplantation (FMT), the agency is handling 
requests by investigators on a case-by-case basis.

Both of the current US clinical trials on vaginal 
seeding are being conducted under an IND. In the 
case of the Inova Study, after the researchers submit-
ted their study protocol to their institutional review 
board and the relevant data and safety monitoring 
board (DSMB),46 members of the DSMB advised the 

study team to investigate whether an IND would be 
required by the FDA. The investigator team contacted 
FDA in November 2017 and provided background 
information on the proposed study, including the 
study’s inclusion and exclusion criteria that incorpo-
rate comprehensive screening for infectious diseases. 
The FDA advised that an IND would be required for 
the study. In January 2018, the study team submit-
ted an application request for a pre-IND meeting in 
order to discuss with FDA why an IND application 
was required for the study. In its response declining 
the meeting request, the agency noted that the study’s 
“plan to use maternal vaginal flora applied to infants 
in a study to determine possible impact on obesity in 
young children, utilizes administration of live organ-
isms to affect structure/function of the body” and falls 
within IND requirements as per Section VI.B of FDA’s 
2013 “Guidance for Clinical Investigators, Sponsors 
and IRBs — Investigational New Drug Applications 
(INDs) — Determining Whether Human Research 
Studies Can Be Conducted Without an IND.”47 This 
decision by FDA appears to be based on the agency’s 
decision that “maternal vaginal flora” meets the defini-
tion of a “drug/biologic” under the federal Food, Drug 
and Cosmetic Act. FDA’s determination also presumes 

When a novel substance is being tested in human clinical trials,  
FDA has on many occasions issued an Industry Guidance document 

informing the research community as to how the substance will be regulated 
and whether or not an IND is required. FDA has not as yet issued  

public guidance on vaginal seeding; however, as they did in the early days 
with fecal microbiota transplantation (FMT), the agency is  
handling requests by investigators on a case-by-case basis.
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that FDA has jurisdiction over use of the substance/
procedure. 

Although FDA has claimed regulatory jurisdiction 
over FMT performed by a physician with donated 
stool from a patient’s family or friends, some have 
argued it should be treated as the practice of medi-
cine which is regulated by state medical boards and 
departments of health. 

While FDA’s authority under the Food, Drug, and 
Cosmetic Act is limited to drugs having a connection 
with “interstate commerce,” in passing the 1997 Food 
and Drug Administration Modernization Act (which 
amended the Food, Drug, and Cosmetic Act), Con-
gress made clear that “the connection with interstate 
commerce required for [the agency’s] jurisdiction 
… shall be presumed to exist.”48 Since then, FDA has 
interpreted its jurisdiction as being extremely broad 
and in virtually all cases the courts have upheld FDA’s 
decisions.

In United States v. Kaplan (2016), a physician was 
found criminally liable under the Food, Drug, and Cos-
metic Act after reusing single-use plastic needle guides 
during prostate biopsy exams.49 The physician/defen-
dant appealed the lower court decision arguing that 
the Food, Drug, and Cosmetic Act did not apply. The 
9th Circuit Court of Appeals’ decision turned on its 
interpretation of Section 331(k) of the Food, Drug, and 
Cosmetic Act which prohibits any act “with respect to, 
a food, drug, [or] device … if the act is done while such 
article is held for sale … after shipment in interstate 
commerce and results in such article being adulter-
ated or misbranded.”50 A drug is misbranded if it does 
not include the proper labeling. The court referenced a 
prior 9th Circuit case, U.S. v. Geborde,51 in which a disc 
jockey distributed a home-made designer drug called 
gamma hydroxy butyrate to several teenagers and 
one of the teens drank it and died. This was the only 
9th Circuit case addressing the “held for sale” provi-
sion, and the court sided with the defendant. It distin-
guished Geborde, however, from the facts of Kaplan by 
pointing out that Geborde “was not a physician, made 
his own recreational drugs and distributed them free of 
charge,” and, thus, the transaction was of a “noncom-
mercial nature.”52 The defendant in Kaplan argued 
that the needle guides were not “held for sale” because 
there was no sale. The 9th Circuit, however, rejected 
this argument, relying on a number of out-of-circuit 
cases which have held that “a physician’s use of a device 
on a patient is covered by the statutory phrase ‘held for 
sale.’”53 The court ultimately sided with FDA conclud-
ing that Kaplan’s medical practice was commercial in 
nature; he operated at a profit and what he charged 
patients for procedures also covered the products he 
used, therefore the needle guides were “held for sale.”

In US v. Regenerative Sciences (2014),54 the U.S. 
Court of Appeals, District of Columbia Circuit, sided 
with FDA concluding that cultured stem cells, origi-
nating from a patient’s bone marrow and sent to an 
in-state lab for processing and then injected back into 
the same patient, constituted a drug when combined 
with an antibiotic prior to injection. The District 
Court indicated that, in claiming jurisdiction under 
the Commerce Clause, the FDA must establish that 
the substance at issue had been both (1) “held for sale” 
and, prior to such sale, (2) “ship[ped] in interstate 
commerce.”55 While the defendant agreed that the 
product was “held for sale,” it argued that the second 
requirement was not met because the entire process 
took place intrastate at the defendant’s medical facili-
ties. The Court relied on prior case law holding that 
“wholly intrastate manufacturers and sales of drugs” 
meet the interstate commerce requirement as long as 
“an ingredient used in the final product travelled in 
interstate commerce.”56 In the Regenerative Sciences 
case, the stem cells were combined with the antibi-
otic doxycycline before they were administered to the 
patient. Because the doxycycline was shipped across 
state lines and was a component of the substance 
given to the patient, that substance constituted a drug 
subject to FDA’s regulatory authority. 

Based on the decision in Regenerative Sciences, it 
is likely that a court would find that stool adminis-
tered to patients from donated stool from a friend of 
family member meets the second prong of the juris-
dictional test, i.e., the product must be shipped in 
interstate commerce, as the stool is combined with 
saline solution, which is shipped across state lines for 
sale. Based on Kaplan and cases from other circuits,57 
it is likely that a court would find that the donor stool 
is “held for sale.” An argument can be made, however, 
that vaginal microbiota from a baby’s mother is not 
being sold or distributed across state lines and there-
fore would arguably be the practice of medicine. In 
the case of vaginal seeding, the only material used in 
the vaginal seeding process, other than the mother’s 
own vaginal secretions, is gauze. FDA might be able 
to argue that, because such gauze is sold in inter-
state commerce, the vaginal microbiota in combi-
nation with the gauze constitutes a drug or medical 
device/drug combination. FDA would further likely 
argue that the microbiota-soaked gauze would be 
considered “held for sale” as the hospital is charging 
the patient for the C-section and the gauze would be 
bundled into the hospital charge. If the facts were 
changed slightly, however, and the mother brought 
the gauze with her to the hospital, the gauze may no 
longer be considered “held for sale” and FDA may not 
have jurisdiction.
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In addition to controversy about jurisdictional 
claims, just as the categorization by FDA of fecal mat-
ter as a drug/biologic has been controversial, the clas-
sification of vaginal secretions when administered 
to newborns from their mother shortly after birth 
is also likely to raise objections on the part of some 
researchers and possibly patients. There are several 
reasons for this. As others have noted, microbiota are 
not like “drugs” as traditionally understood. In the 
case of FMT, FDA is currently regulating the stool 
administered during the procedure as a biological /
drug product. While FDA has not publicly addressed 
the regulation of vaginal seeding or vaginal micro-
biota transplantation, the regulatory history of FMT 
may provide some insight as to how the agency may 
approach vaginal seeding or vaginal microbiota trans-
plantation more broadly. 

In the case of FMT, the FDA has changed its posi-
tion regarding how it will regulate fecal microbiota 
over the past six years. After an initial determination 
in 2013 that fecal microbiota would be categorized 
as a “biological product” that would require an IND 
application, the agency reversed course in response 
to patient and provider opposition, opting to exercise 
enforcement discretion of the IND requirement for C. 
difficile infection that is non-responsive to traditional 
antibiotics. Then, in 2014 and 2016, the agency issued 
draft guidance that would require an IND applica-
tion from stool banks that collect and distribute fecal 
material for FMT for C. difficile infections. While the 
agency has not yet finalized this guidance and has 
maintained its enforcement discretion posture for 
providers performing FMT on patients with recurrent 
C. difficile infections, the guidance gives some indica-
tion of FDA’s current thinking on the matter of how it 
would prefer to regulate microbiota transplants. 

Vaginal seeding, however, is distinct from FMT and 
vaginal microbiota transplantation in several ways. 
In the case of vaginal seeding, if a woman delivered 
her neonate vaginally, the neonate would naturally be 
exposed to her vaginal fluids and thusly the mother’s 
vaginal microbiota. The C-section delivery constitutes 
a medical intervention that interrupts that process. 
Thus, there may be an argument that vaginal seeding 
is an attempt to replicate an exposure that occurs in 
the natural birthing process. While FDA may argue 
that it is being done to prevent disease or chronic 
conditions or tp affect the structure or function of the 
body, it seems very different from the typical drug as 
well as different from FMT and VMT.

In FMT the patient receives the fecal matter of a 
different individual. Outside of the context of the 
FMT, the patient would not otherwise be exposed to 
the other individual’s fecal microbiota. Similarly, in 

a vaginal microbiome transplant, vaginal contents 
from one woman are transplanted into the vagina of 
another in an effort to alter the recipient’s microbial 
composition (e.g., for treatment of bacterial vagino-
sis). Researchers and patients have made numerous 
arguments that fecal microbiota should not be classi-
fied as a drug or biologic and that the drug regulatory 
pathway is not appropriate for FMT. These arguments 
have included the difficulty of characterizing the 
active ingredients in FMT which is typically required 
of drugs, the cost of the drug approval process which 
may lead to an increase in unsafe “do-it-yourself ” 
FMTs, the inadequacy of the IND process to accom-
modate post approval changes to the manufacturing 
process, and the availability of off-label prescribing 
that may discourage research into the use of FMT for 
other indications. 

Characterization, which refers to the use of exter-
nal techniques to “characterize” a substance to ensure 
that the substance is what it claims to be, has been 
considered a particularly challenging stumbling 
block in treating fecal microbiota as a drug/biologic. 
The issue of characterization is particularly impor-
tant for microbiota transplantation because, unlike 
most other regulated products, microbiome products 
include a microbial community and other elements 
that differ from person to person and within the same 
person at different times. This makes characterization 
extremely challenging. 

Maternal vaginal secretions are a heterogeneous 
substance, composed primarily of bacteria and water, 
but also containing viral and fungal organisms, met-
abolic products of these organisms, salts, dead cells, 
and mucus from the cervix and vaginal tract. Lactoba-
cillus spp. typically dominate the secretions; however, 
members of the genera Atopobium, Corynebacterium, 
Anaerococcus, Peptoniphilus, Prevotella, Gardnerella, 
Sneathia, Eggerthella, Mobiluncus, and Finegoldia 
are also less commonly found in vaginal secretions. 

Similar to the fecal microbiome, the vaginal micro-
biome differs between women and within the same 
woman over time. While typically less diverse than the 
fecal microbiome, the vaginal microbiome is dynamic 
and changes in response to multiple factors, such as 
pregnancy, hormonal fluctuations, intercourse, and 
environmental exposures.58 Defining the exact con-
tents of donor vaginal seeding material is a major 
obstacle due to this variation. In addition, the intent 
of vaginal seeding is to restore exposure of an infant to 
its own mother’s vaginal microbiota, and the vaginal 
seeding material may be very specific for each mother-
infant dyad.

FDA has largely dealt with the “lot-to-lot” variabil-
ity challenge in the context of stool-based products 
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through the Good Manufacturing Practices frame-
work for drugs and live biotherapeutic products. 
Whether this makes sense in the context of vaginal 
seeding done between mother and infant is not at all 
clear, as it would require major scaling up of the prod-
uct to justify the cost of implementing Good Manufac-
turing Practices. Rather than defining what the exact 
contents of the transferred substance are, it may be 
more than sufficient to characterize the major bacte-
ria species and what is not contained in the secretions 
(like pathogens) through a variety of clinical and labo-
ratory tests. 

In addition to the identity of the biological prod-
uct, a critical part of the Chemistry, Manufacturing 
and Control information requirements for new drugs/
biological products is to establish their safety, potency 
or strength, quality, and purity. Determining dose, 
potency, and purity are major hurdles for stool used 
for FMT and may also be for the vaginal secretions 
used in vaginal seeding.

Another concern about the drug regulatory path-
way in the context of FMT has been the do-it-yourself 
phenomenon. This could also happen in the context of 
vaginal seeding. Mothers could place, or request that 
their physician or nurse place, a gauze pad or a swab 
in their vagina prior to their C-section procedure and 
then after the baby is born apply the gauze to their 
baby themselves without any physician intervention 
or the need for any product other than what they have 
produced from their own bodies. This makes it even 
less likely that a court would consider the “product” 
“held for sale.” Mothers could even perform vaginal 
seeding in their own home after discharge from the 
hospital (although the vaginal microbiome postpar-
tum may not be similar to the vaginal microbiome just 
before birth). Such do-it-yourself practice might be 
safer in the context of vaginal seeding than in FMT 
if the mother asks her physician if there is any likeli-
hood of an immediate risk to the baby if she exposes 
the baby to her vaginal fluids. However, trials would 

be needed to test such an approach if vaginal seeding 
in a controlled context first proves to be efficacious.

The most controversial regulatory issue in the con-
text of FMT has been whether stool from stool banks 
should be regulated as drugs. This raises the question 
of whether vaginal microbiota for vaginal seeding 
might ever be banked. While the current research on 
vaginal seeding involves vaginal microbiota from the 
baby’s mother, it is possible that researchers may find 
that certain mothers have vaginal microbiota that are 
more beneficial to health than others. This could ulti-
mately lead to banking vaginal secretions and making 
them available for sale. It is also possible that research-
ers will identify particular microbial strains that offer 
infants born via C-section the protection of the moth-
er’s vaginal microbiota and will attempt to develop a 
probiotic based on vaginal microbiota for administra-
tion to these newborns. In both of these cases there is 
a stronger argument for regulating vaginal seeding as 
a drug than in the context of applying a mother’s own 

vaginal microbiota directly to her newborn. 
Because of the obstacles to approving stool or fecal 

microbiota as a drug, some have argued that other reg-
ulatory pathways may be more appropriate for FMT, 
such as those used for blood, human cells and tissues, 
or cord blood.59 These alternative regulatory pathways 
may also be more appropriate for vaginal microbiota 
associated with vaginal seeding. These pathways are 
more flexible and allow for more rapid updating of 
screening protocols for donors and the product to be 
“transplanted.”60

Ethical Challenges Associated with Vaginal Seeding
In addition to the myriad legal and regulatory ques-
tions, vaginal seeding also implicates a number of 
ethical concerns with regard to clinical practice and 
research. The concept of informed consent and the 
regulations that require its use are intended to pro-
vide patients and research subjects with full infor-
mation about a treatment or procedure, including 

Because of the obstacles to approving stool or fecal microbiota as a drug, 
some have argued that other regulatory pathways may be more appropriate 

for FMT, such as those used for blood, human cells and tissues, or cord blood. 
These alternative regulatory pathways may also be more appropriate for 
vaginal microbiota associated with vaginal seeding. These pathways are  
more flexible and allow for more rapid updating of screening protocols  

for donors and the product to be “transplanted.”
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its risks and benefits, so they can make educated and 
autonomous decisions about how to proceed. In the 
case of vaginal seeding, there is preliminary evidence 
that the practice may result in a C-section delivered 
infant microbiome that more closely resembles that of 
vaginally-delivered infants.61 To date, however, the sci-
entific evidence of the benefits is very limited and little 
is known about the potential short- or long-term risks 
of the procedure on the infant. 

vulnerable populations in the research 
setting
Human subjects research regulation has long recog-
nized pregnant women and children as vulnerable 
populations. In the case of pregnant women, there have 
often been blanket exclusions from research because 
of this vulnerability resulting in their underrepre-
sentation in studies and limited data on the effects 
of various medications.62 The inability of neonates to 
provide informed consent or assent to participate in 
research warrants increased scrutiny of studies involv-
ing this population. The Nuremberg Code63 expressly 
prohibited research involving any participants lacking 
legal capacity to provide voluntary consent. Although 
research guidelines were subsequently issued with less 
restrictive requirements that permitted research with 
children,64 there is a distinct regulatory framework for 
research with children that requires research stud-
ies involving greater than minimal risk to either pro-
vide direct benefit to the individual subject or provide 
critical information about the participant’s disease or 
condition.65 

Due to the nature of studies on vaginal seeding, 
research can only be conducted in the vulnerable 
populations of pregnant women and children. The 
current Inova clinical trial is considered minimal risk, 
and safeguards are in place to minimize the possibility 
of coercion and to ensure that risks are fully disclosed 
during the informed consent process. Trained study 
personnel meet with pregnant mothers who are eligi-
ble. They explain the goals and study procedures, pos-
sible risks and benefits and provide time and privacy 
for adequate decision making. The participant is then 
asked to provide informed consent for herself and her 
baby. One of the concerns here goes to whether or not 
the vaginal seeding permanently changes the child’s 
microbiome. In part, that may be the goal; however, 
there are arguably reasons to scrutinize such changes 
more carefully than those that are transitory. This 
argument is similar to those expressed by opponents 
of allowing parents to consent to germline therapy on 
their children, which creates genetic changes in the 
child that are carried onto future generations. How-
ever, at this stage of research we do not know whether 

any changes to the newborn’s microbiota as a result of 
vaginal seeding will be permanent and, if so, whether 
they would be carried on to one’s offspring. 

ethical issues in the clinical setting
Despite the lack of evidence, the studies that have sug-
gested that vaginal seeding may be beneficial in restor-
ing the microbiome of C-section delivered infants have 
generated keen interest and widespread coverage in 
the media, including the 2014 documentary “The Mir-
acle of Microbirth” about the practice.66 At times, this 
has resulted in pitting patient wishes to have the pro-
cedure against the lack of clear evidence of safety and 
effectiveness of the procedure, and the potential risks 
associated with the practice of vaginal seeding outside 
of a controlled research setting (in which women are 
rigorously screened with pathogen testing) including 
transmission of infectious diseases such as gonorrhea, 
chlamydia, herpes simplex virus infection, and Group 
B streptococcal infection. 

Given the ACOG committee opinion and BMJ 
article in the same vein, patient requests that vaginal 
seeding be performed on their C-section delivered 
infants present an ethical challenge to physicians. On 
the one hand, there is clearly a consensus among clini-
cians that the practice should not be performed out-
side of a research setting. On the other, there is not 
strong evidence that the potential risks outweigh pos-
sible, if unproven, benefits. The Inova Health System 
randomized controlled clinical trial “Vaginal microbi-
ome seeding and health outcomes in Cesarean-deliv-
ered neonates” explores the impact of vaginal seeding 
on postnatal weight gain, among other metabolic and 
immunoinflammatory outcomes, associated with sub-
stantial lifelong morbidity. Empirical evidence from 
rigorously designed, randomized controlled trials is 
needed to inform any argument about whether poten-
tial benefits outweigh potential risks. 

Some may argue that patients who seek out vaginal 
seeding are similar to patients who seek alternative, 
nontraditional remedies such as herbs or acupunc-
ture. With the current emphasis on “patient-centered 
care” in medicine and an increasingly competitive 
healthcare marketplace, how should physicians ethi-
cally navigate a patient request for vaginal seeding in 
a manner that preserves patient autonomy and trust 
in the provider-patient relationship? The manner in 
which a provider addresses a patient request for vagi-
nal seeding will have important implications for trust. 
As others have noted, patients requesting nontradi-
tional treatments in a medical context are also seek-
ing the scientific imprimatur.67 Physicians refusing to 
perform the vaginal seeding procedure need to explain 
the risks of infection transference associated with the 
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procedure and encourage patients to avoid doing it 
at home given those potential risks. While patient 
autonomy in decision making about care should be 
respected, the clinician also has a professional obliga-
tion to provide care that serves the patient’s best inter-
est and minimizes harm. 

Conclusion
The transfer of the maternal vaginal microbiota 
through vaginal seeding to infants born by C-section 
holds promise for reducing C-section-associated dis-
eases, but current and future studies are needed to 
determine the benefits and risks of vaginal seeding 
and will influence the regulation of this nascent tech-
nique. Until then, a regulatory framework that pro-
motes safety, but also allows flexibility and promotes 
research, is needed. Regulators should consider path-
ways outside the traditional drug/biologic pathways 
such as those for blood and human tissues and cells as 
well as modified IND requirements within the drug/
biologic pathways to accommodate the unique fea-
tures of vaginal microbiota used in the vaginal seeding 
process.
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