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ABSTRACT
Mortality and morbidity from SARS-CoV2 (COVID-19) infections in children remains low, including 
an exceedingly low rate of horizontal and vertical transmission. However, unforeseen complications 
to childhood health have emerged secondary to the pandemic. Few studies to date have examined 
unintended complications of the pandemic in newborns and infants. In this Commentary, we 
discuss the impact that COVID-19 may have on inheritance of the newborn microbiome and its 
assembly throughout the first years of life. In the early stages of the pandemic when vertical 
transmission of COVID-19 was poorly understood, several studies reported increased rates of 
C-sections in COVID-19 positive women. Initial recommendations discouraged COVID-19 positive 
mothers from breastfeeding and participating in skin-to-skin care, advising them to isolate during 
their window of infectivity. These shifts in perinatal care can adversely impact microbial coloniza-
tion during the first 1000 days of life. While obstetrical and neonatal management have evolved to 
reflect our current knowledge of perinatal transmission, we are observing other changes in early life 
exposures of infants, including increased attention to hygiene, fewer social interactions, and 
decreased global travel, all of which are major drivers of early-life gut colonization. Composition 
of the gut microbiota in adults directly impacts severity of infection, suggesting a role of microbial 
communities in modulating immune responses to COVID-19. Conversely, the role of the intestinal 
microbiome in susceptibility and severity of COVID-19 in newborns and children remains unknown. 
The onset of adulthood diseases is related to the establishment of a healthy gut microbiome during 
childhood. As we continue to define COVID-19 biology, further research is necessary to understand 
how acquisition of the neonatal microbiome is affected by the pandemic. Furthermore, infection 
control measures must be balanced with strategies that promote microbial diversity to impart 
optimal health outcomes and potentially modulate susceptibility of children to COVID-19.

KEYWORDS 
COVID-19; mother-infant 
dyad; gut microbiome; 
newborn health; perinatal 
practice policies

Introduction

The paucity of SARS-CoV2 (COVID-19) related 
mortalities and morbidities in infants and chil-
dren remains a glimmer of good news, as we 
witness pandemic deaths in the United States 
surpass 500,0000.1 This finding is supported by 
additional studies reporting exceedingly low 
rates of vertical transmission of COVID-19 
with self-limited symptoms and self-resolution 
in most cases of horizontal transmission.2 

Despite this lower prevalence and severity in 
children and newborns, pediatric studies are 
now recognizing unintended consequences of 
COVID–19 that significantly affect childhood 
health and development, including an increase 
in obesity, mental health disorders, myopia, and 

unreported child maltreatment.3–6 However, 
unforeseen repercussions of COVID-19 on new-
borns and infants remain largely unknown.

In our recent study, we observed higher rates of 
Cesarean sections (C-section), decreased breast 
milk usage, and an increased number of discharges 
to homes outside primary residences in twenty-one 
COVID-19 positive mother-infant dyads delivered 
at our institution.7 All of these outcomes have the 
potential to affect the developing neonatal micro-
biome. In addition to adaptations in perinatal care 
secondary to the pandemic, environmental expo-
sures for newborns and infants have been markedly 
affected, including fewer social interactions, 
decreased enrollment in daycare, and travel restric-
tions. (Figure 1). These changes may have a major 
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Figure 1. Early life microbial colonization and mechanisms by which COVID-19 may interfere with in utero and postnatal bacterial 
colonization. Fetal inheritance of maternal microbiome may occur in utero via placental exchange. However, placentas of women with 
severe acute respiratory distress syndrome secondary to COVID-19 have increased rates of decidual arteriopathy and maternal vascular 
malperfusion features which may interfere with normal bacterial exchange. In addition, an intestinal dysbiosis which is associated with 
COVID-19, including infected pregnant women, could impact the composition of a newborn’s pioneer bacterial communities. Microbial 
transfer during delivery (vaginal versus Cesarean section) and skin-to-skin care also drive bacterial colonization. Mothers who are 
critically ill with COVID-19 may be more likely to deliver via Cesarean section and have restricted skin-to-skin immediately post-partum 
or in the perinatal period. While breastfeeding and use of expressed milk are not recognized as risks for viral transmission, the rate of 
both may be affected during the pandemic due to maternal illness or misconceptions about breast milk safety. Mothers who are 
breastfeeding or pumping are instructed by medical teams on hygiene that may minimize transmission of maternal skin flora to the 
infant. Depending on the acuity of maternal illness or the degree to which other family members are affected, infants may be 
discharged to settings outside primary residences, introducing microbial communities different than those of immediate family 
members. Finally, temporary or more sustained adoption of pandemic-related practices, including travel restrictions, limited social 
gatherings, decreased physical contact with caregivers, and increased use of sanitizers, may affect the microbial diversity of the 
developing gut microbiome.
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impact on microbial diversity. During the first 
1000 days of life, the intestinal microbiome of new-
borns evolves to approach an adult flora by three 
years of age, with the first several weeks of life being 
characterized by highly dynamic and intricate host- 
microbe interactions.8,9 Perturbations in bacterial 
colonization during this window of development 
have been associated with chronic illnesses includ-
ing inflammatory bowel diseases, cardiometabolic 
syndrome, and respiratory illnesses.10 An intestinal 
dysbiosis has even been correlated with severity of 
COVID-19 symptoms, length of hospital stay, and 
recovery from infection leading scientists to 
hypothesize that a healthy gut microbiome may be 
protective against COVID-19.11,12 As this relation-
ship between the GI tract and COVID-19 is eluci-
dated, it is imperative that we identify the potential 
impact of perinatal infection control measures and 
post-COVID-19 behaviors on the early life 
microbiome.

In this Commentary, we will explore how peri-
natal care models and infection control measures 
postnatally adopted during the pandemic to mini-
mize horizontal and vertical COVID-19 transmis-
sion may have unintended consequences on the 
neonatal microbiome and childhood health out-
comes. As the pandemic continues into its second 
year, our goal is to generate a dialogue on how to 
balance recommendations for newborns and 
infants that minimize risk of perinatal and postna-
tal COVID-19 infection while optimizing their 
microbial diversity and exposures to microbial sti-
muli critical for immune development and intest-
inal homeostasis.

Delivery mode

Early in the pandemic, a lack of evidence on risks of 
transmission to the fetus and newborn contributed to 
increased rates of C-sections in COVID-19 positive 
mothers. When the low risk of vertical transmission 
was recognized, guidelines from trusted organizations 
advised against COVID-19 status alone being an 
indication for C–section delivery.13–15 However, we 
continue to see increased rates in infected pregnant 
women, in some cases attributable to deteriorating 
maternal status.16 C-sections are also higher in 
COVID-19 positive mothers who deliver prematurely 
and the relationship between COVID-19 infection 

and preterm birth remains unknown.17,18 C-section 
delivery is a known risk factor for early life intestinal 
dysbiosis due to colonization of the newborn with 
a mixture of potentially pathogenic organisms found 
on skin and in the hospital, compared with coloniza-
tion by Lactobacillus after a vaginal delivery.19 Prior to 
the pandemic, a global rise in C-sections from 3% in 
1990 to 6% in 2018 was a concern.20 Studies have 
demonstrated the significant impact of C-sections on 
the neonatal microbiome and an increased incidence 
of obesity, autoimmune disease, and atopic disorders. 
If the global rate of C-sections continues to accelerate, 
now with the added burden of COVID-19, we may 
observe an equivalent rise in these health conditions.

Skin-to-skin care and rooming in

Initial recommendations from the Academy of 
Pediatrics (AAP) were to restrict skin-to-skin 
care and to separate infants from their mothers 
after birth to minimize COVID-19 transmission. 
Experiences from preterm infants, who do not 
receive skin to skin care (SSC) due to clinical 
instability and are separated from their mothers 
postnatally upon admission to the neonatal inten-
sive care unit (NICU), demonstrate how inter-
ruptions in the transfer of maternal skin and 
oral flora can compromise newborns’ GI and 
immune health.21,22 As of August 2020, revised 
recommendations no longer advised against SSC 
or rooming in. AAP guidelines are continually 
reevaluated to determine the safety of such revi-
sions, most recently in February of this year.23 

However, limited resources at some centers may 
be a barrier to having dedicated nurses for 
COVID-19 positive mother-infant dyads in nor-
mal newborn nurseries or COVID-19 units. 
Finally, given the many unknowns about perina-
tal COVID-19 transmission, some hospitals have 
adopted protocols where infants remain in isol-
ettes or other closed bed systems to reduce hor-
izontal transmission. Discharge instructions for 
COVID–19 positive mothers include recommen-
dations to limit physical contact outside of feed-
ings. Long-term effects of limiting newborn 
exposure to microbial stimuli from mother’s 
skin and mouth during this critical first 
1-2 weeks of life is still unclear.
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Breast feeding and expressed breast milk use

Breast milk is one of the most critical drivers of 
normal gut colonization. Earlier AAP recommen-
dations for COVID-19 positive mothers not to 
breastfeed had a significant impact on the use of 
breast milk. As guidelines evolved with the emer-
ging data that breast milk was an unlikely source of 
transmission, rates of breast milk use, including 
breast feeding, improved. However, many factors 
still limit breast milk use by COVID-19 positive 
mothers, including severity of maternal illness, hos-
pital policies regarding rooming in after delivery, 
quarantining of mothers after discharge, and mis-
conceptions of medical teams and parents about 
breastmilk’s safety. Breastfeeding and expression 
of milk in the immediate post-partum period is 
key for establishing adequate milk supply and any 
interruptions during this timeframe can be detri-
mental to the sustainability of breast milk during 
the first year of life.24 Efforts by health practitioners 
to counter the earlier messages about the safety of 
breastmilk and breastfeeding for infants of 
COVID-19 positive mothers should be a priority 
in this next phase of the pandemic. In addition, 
hospital resources should be directed at facilitating 
rooming in of COVID-19 positive mothers with 
their newborns as an effort to increase rates of 
breastfeeding at discharge.

Home environments and hygiene measures

Environmental influences on an infant’s micro-
biome that have been affected by COVID-19 include 
exposures to households and individuals that may 
not normally have been in contact with newborns. 
For example, with the recommendation to discharge 
infants home with non-infected caregivers, many 
newborns are discharged to non-primary residences 
in the care of extended family members, as is the 
case in the cohort of patients described in our 
study.7 Household exposures are key drivers of the 
neonatal intestinal microbiome and by three years 
of age, composition of the microbiota will mirror 
the mother and other household members, includ-
ing pets.25,26 Other environmental influences that 
infants are now encountering include a heightened 
attention to hygiene, such as a surge in use of anti-
microbial hand sanitizers and surface disinfectants. 

This may drive outcomes similar to those observed 
with the hygiene hypothesis, including a loss in 
microbial diversity.27 It remains unknown how 
these early disruptions in an infant’s environment 
during the pandemic may impact intestinal matura-
tion of the microbiome, immunity, and neurological 
development. Unfortunately, while conversations 
have focused on implementation of hygiene mea-
sures to prevent COVID-19 infection, few studies 
have explored ways to promote immune develop-
ment of newborns and infants to sustain and sup-
port their relative immunity to COVID-19.

Perinatal stress

As we shed light on the intricate communication 
between the gut and brain, studies suggest 
a relationship between maternal prenatal and 
postnatal stress on the composition of the infant 
gut microbiome.28 This relationship is of particu-
lar interest in pregnancies complicated by mater-
nal COVID-19 infection where we see an increase 
in the number of stressors, included prolonged 
separations of mothers from newborns.29 AAP 
guidelines recommend COVID-19 positive 
mothers maintain a distance of at least six feet 
from their infants and they are also encouraged 
to wear masks when interacting with their 
infants, in addition to gowns and gloves, during 
the immediate period of infectivity. All of these 
recommendations can impair mother-infant 
bonding. In cases where infants are delivered 
prematurely and require admission to the NICU, 
COVID-19 positive mothers are not allowed to 
enter the NICU and may face time-consuming 
retesting policies after their 14-day quarantine. 
More research is necessary to understand gut- 
brain communication during perinatal stress and 
its impact on normal microbial exchange between 
mothers and their infants. In the meantime, cen-
ters implementing safety measures to minimize 
COVID-19 transmission should also be attentive 
to the effects of these measures on maternal 
stress. In instances where infection risks still 
pose barriers to mother’s visitation, technology- 
based interfaces, including web-based cameras, 
may provide a vehicle to increasing mother- 
infant bonding and decreasing maternal stress.
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Daycare and travel exposure

Early education and child care programs across the 
country have reported substantial drops in enroll-
ment attributable to statewide or voluntary center 
closures throughout the pandemic along with par-
ental preferences not to enroll in daycare in order to 
limit COVID-19 exposures.30 While longitudinal 
studies have suggested that entry into childcare ver-
sus continued care at home by parents does not 
impact an infant’s microbial composition, research 
in this area is nascent and data from existing studies 
reflect pre-COVID-19 behaviors.31 Restricted travel 
either due to state mandates or personal preferences 
have also occurred over the last 12 months, with 
a 43% reduction in air travel compared with 
2019.32 Geography and ethnicity are critical deter-
minants of microbial composition and health, 
including differences in the incidence of obesity, 
gastric cancer, and chronic liver diseases.33–35 Large- 
scale, collaborative international cohort studies in 
newborns and infants that include serial stool collec-
tion for microbiome analysis might inform us on 
how shifts in daycare and geographic exposures both 
during and after the pandemic will impact the com-
position and diversity of early life gut microbiota.

Conclusions

While we remain cautiously optimistic about the 
impact of COVID-19 on neonatal mortality and 
morbidity, perinatal management during the pan-
demic may disrupt intestinal bacterial colonization 
of newborns and create other long-term complica-
tions over their lifespans. In addition, an interplay 
between SARS-CoV-2 and the microbiome may 
further complicate and disrupt intestinal matura-
tion. Similar hospital and community-based infec-
tion control measures as described above are in 
place across all age groups. However, this popula-
tion poses a unique challenge because of the devel-
opmental window at which their gut microbiomes 
are being impacted. As we begin to understand the 
decreased susceptibility and severity of COVID-19 
observed in newborns and children, dissecting the 
role of the gut microbiota may provide us with 
further answers to this striking aspect of COVID- 

19. A recent study reported that homogeneity of the 
pharyngeal microbiota in children was associated 
with a lower SARS-CoV-2 positivity rate compared 
with older patients who had more heterogeneous 
bacterial communities and higher positivity rates.36 

No studies to date have investigated whether the 
severe outcomes of COVID-19 in older patients 
could be associated with an age-dependent gut 
microbiome. Improving our understanding of peri-
natal transmission, the safety of mother-newborn 
care guidelines, and dynamics between viruses and 
bacterial communities may ensure acquisition of 
a normal neonatal microbiome – perhaps one of 
the key elements protecting newborns and children 
from COVID-19 infections.

As we eagerly await the availability of safe and 
effective COVID-19 vaccines for children, studies on 
how to bolster immunity in children are equally as 
pressing. Research in this area might reveal nutrient 
supplements or probiotics that could be administered 
enterally to infants to support their microbial diver-
sity and strengthen immune function during the pan-
demic. Adult vaccination rates climb daily and we 
have pivoted from pandemic management to recov-
ery. In doing so, pediatric policy makers and health 
advocates need to reevaluate post-COVID-19 beha-
viors and design recommendations around social 
interactions, mask wearing, and hand sanitizer use 
that not only minimize COVID-19 infection but 
also restore homeostatic host–microbe interactions 
in children. Finally, this pandemic provides an oppor-
tunity to reprioritize counseling of pregnant women 
on the importance of their diets in fostering not only 
their own health but the optimal development of their 
children’s microbiome and long-term health 
outcomes.

Disclosure Statement

None of the authors have actual or potential conflict of interest 
in relationship to this publication.

Funding

This work was supported by the U.S. National Institutes of 
Health grant [NIDDK R01 DK105118, R01DK114126, DOD 
BC160450P1], and the UIC Cancer Center support (JS).

GUT MICROBES e1912562-5



References

1. https://coronavirus.jhu.edu/. Accessed March 19, 2021
2. Lamouroux A, Attie-Bitach T, Martinovic J, Leruez- 

Ville M, Ville Y. Evidence for and against vertical trans-
mission for severe acute respiratory syndrome corona-
virus 2. Am J Obstet Gynecol. 2020;223(1):91 e1- e4. 
doi:10.1016/j.ajog.2020.04.039.

3. Bauer KW, Chriqui JF, Andreyeva T, Kenney EL, 
Stage VC, Dev D, Lessard L, Cotwright CJ, Tovar A. 
A safety net unraveling: feeding young children during 
COVID-19. Am J Public Health. 2021;111(1):116–120. 
doi:10.2105/AJPH.2020.305980.

4. Liu JJ, Bao Y, Huang X, Shi J, Lu L. Mental health 
considerations for children quarantined because of 
COVID-19. Lancet Child Adolesc Health. 2020;4 
(5):347–349. doi:10.1016/S2352-4642(20)30096-1.

5. Rundle AG, Park Y, Herbstman JB, Kinsey EW, 
Wang YC. COVID-19-related school closings and risk 
of weight gain among children. Obesity (Silver Spring). 
2020;28(6):1008–1009. doi:10.1002/oby.22813.

6. Wang J, Li Y, Dc M, Wei N, Qi X, Ding G, Li X, Li J, 
Song L, Zhang Y, et al. Progression of Myopia in 
school-aged children after COVID-19 home 
confinement. JAMA Ophthalmol. 2021;139(3):293. 
doi:10.1001/jamaophthalmol.2020.6239.

7. Romano-Keeler J, Fiszbein D, Zhang J, Horowitz J, 
Hayani K, Buhimschi I, Lopez C, Kadhem Z, 
Berman J, Rasamimari P, et al. Center-based experi-
ences implementing strategies to reduce risk of hori-
zontal transmission of SARS-Cov-2: potential for 
compromise of neonatal microbiome assemblage. 
medRxiv. 2021. doi:10.1101/2021.01.07.21249418.

8. Robertson RC, Manges AR, Finlay BB, Prendergast AJ. 
The human microbiome and child growth - First 1000 
Days and beyond. Trends Microbiol. 2019;27 
(2):131–147. doi:10.1016/j.tim.2018.09.008.

9. Koenig JE, Spor A, Scalfone N, Fricker AD, Stombaugh J, 
Knight R, Angenent LT, Ley RE. Succession of microbial 
consortia in the developing infant gut microbiome. Proc 
Natl Acad Sci U S A. 2011;108(Suppl 1):4578–4585. 
doi:10.1073/pnas.1000081107.

10. Durack J, Lynch SV. The gut microbiome: relationships 
with disease and opportunities for therapy. J Exp Med. 
2019;216(1):20–40. doi:10.1084/jem.20180448.

11. Zhang M, Zhou Y, Li H, Peng Y, Qiu P, Shi X, Pan X, 
Liu J. COVID-19: gastrointestinal symptoms from the 
view of gut-lung axis. Eur J Gastroenterol Hepatol. 
2020. doi:10.1097/MEG.0000000000001984.

12. Zhang JG, Sun S. Gastrointestinal symptoms, pathophy-
siology, and treatment in COVID-19. Genes & Diseases. 
2020. doi:10.1016/j.gendis.2020.08.013.

13. Debrabandere ML, Farabaugh DC, Giordano CA. 
Review on mode of delivery during COVID-19 between 
December 2019 and April 2020. Am J Perinatol. 2020;38 
(4):332–341. doi:10.1055/s-0040-1721658.

14. Della Gatta AN, Rizzo R, Pilu G, Simonazzi G. 
Coronavirus disease 2019 during pregnancy: a systematic 
review of reported cases. Am J Obstet Gynecol. 2020;223 
(1):36–41. doi:10.1016/j.ajog.2020.04.013.

15. Chen L, Li Q, Zheng D, Jiang H, Wei Y, Zou L, Feng L, 
Xiong G, Sun G, Wang H, et al. Clinical characteristics 
of pregnant women with Covid-19 in Wuhan, China. 
N Engl J Med. 2020;382(25):e100. doi:10.1056/ 
NEJMc2009226.

16. Cai J, Tang M, Gao Y, Zhang H, Yang Y, Zhang D, 
Wang H, Liang H, Zhang R, Wu B, et al. Cesarean 
section or vaginal delivery to prevent possible vertical 
transmission from a pregnant mother confirmed with 
COVID-19 to a neonate: a systematic review. Front 
Med (Lausanne). 2021;8:634949. doi:10.3389/ 
fmed.2021.634949.

17. Islam MM, Poly TN, Walther BA, Yang HC, Wang CW, 
Hsieh WS, Atique S, Salmani H, Alsinglawi B, Lin MC, 
et al. Clinical characteristics and neonatal outcomes of 
pregnant patients with COVID-19: a systematic review. 
Front Med (Lausanne). 2020;7:573468. doi:10.3389/ 
fmed.2020.573468.

18. Di Toro F, Gjoka M, Di Lorenzo G, De Santo D, De 
Seta F, Maso G, Risso FM, Romano F, Wiesenfeld U, 
Levi-D’Ancona R, et al. Impact of COVID-19 on mater-
nal and neonatal outcomes: a systematic review and 
meta-analysis. Clin Microbiol Infect. 2021;27(1):36–46. 
doi:10.1016/j.cmi.2020.10.007.

19. Dominguez-Bello MG, Costello EK, Contreras M, 
Magris M, Hidalgo G, Fierer N, Knight R. Delivery 
mode shapes the acquisition and structure of the initial 
microbiota across multiple body habitats in newborns. 
Proc Natl Acad Sci U S A. 2010;107(26):11971–11975. 
doi:10.1073/pnas.1002601107.

20. Wiklund I, Malata AM, Cheung NF, Cadee F. Appropriate 
use of caesarean section globally requires a different 
approach. Lancet. 2018;392(10155):1288–1289. 
doi:10.1016/S0140-6736(18)32325-0.

21. Hendricks-Munoz KD, Xu J, Parikh HI, Xu P, 
Fettweis JM, Kim Y, Louie M, Buck G, Thacker L, 
Sheth N, et al. Skin-to-skin care and the develop-
ment of the preterm infant oral microbiome. Am J 
Perinatol. 2015;32(13):1205–1216. doi:10.1055/s- 
0035-1552941.

22. Almgren M. Benefits of skin-to-skin contact during 
the neonatal period: governed by epigenetic 
mechanisms? Genes Dis. 2018;5(1):24–26. 
doi:10.1016/j.gendis.2018.01.004.

23. Pediatrics AAP. FAQs: Management of Infants Born 
to Mothers with Suspected or Confirmed COVID- 
19. AAP Publications; 2021 February Accessed April 
6, 2021.

24. Spatz DL. Innovations in the provision of human milk 
and breastfeeding for infants requiring intensive care. 
J Obstet Gynecol Neonatal Nurs. 2012;41(1):138–143. 
doi:10.1111/j.1552-6909.2011.01315.x.

e1912562-6 J. ROMANO-KEELER ET AL.

https://coronavirus.jhu.edu/
https://doi.org/10.1016/j.ajog.2020.04.039
https://doi.org/10.2105/AJPH.2020.305980
https://doi.org/10.1016/S2352-4642(20)30096-1
https://doi.org/10.1002/oby.22813
https://doi.org/10.1001/jamaophthalmol.2020.6239
https://doi.org/10.1101/2021.01.07.21249418
https://doi.org/10.1016/j.tim.2018.09.008
https://doi.org/10.1073/pnas.1000081107
https://doi.org/10.1084/jem.20180448
https://doi.org/10.1097/MEG.0000000000001984
https://doi.org/10.1016/j.gendis.2020.08.013
https://doi.org/10.1055/s-0040-1721658
https://doi.org/10.1016/j.ajog.2020.04.013
https://doi.org/10.1056/NEJMc2009226
https://doi.org/10.1056/NEJMc2009226
https://doi.org/10.3389/fmed.2021.634949
https://doi.org/10.3389/fmed.2021.634949
https://doi.org/10.3389/fmed.2020.573468
https://doi.org/10.3389/fmed.2020.573468
https://doi.org/10.1016/j.cmi.2020.10.007
https://doi.org/10.1073/pnas.1002601107
https://doi.org/10.1016/S0140-6736(18)32325-0
https://doi.org/10.1055/s-0035-1552941
https://doi.org/10.1055/s-0035-1552941
https://doi.org/10.1016/j.gendis.2018.01.004
https://doi.org/10.1111/j.1552-6909.2011.01315.x


25. Song SJ, Lauber C, Costello EK, Lozupone CA, 
Humphrey G, Berg-Lyons D, Caporaso JG, 
Knights D, Clemente JC, Nakielny S, et al. 
Cohabiting family members share microbiota with 
one another and with their dogs. Elife. 2013;2: 
e00458. doi:10.7554/eLife.00458.

26. Brito IL, Gurry T, Zhao S, Huang K, Young SK, 
Shea TP, Naisilisili W, Jenkins AP, Jupiter SD, 
Gevers D, et al. Transmission of human-associated 
microbiota along family and social networks. Nat 
Microbiol. 2019;4(6):964–971. doi:10.1038/s41564-019- 
0409-6.

27. Finlay BB, Amato KR, Azad M, Blaser MJ, Bosch TCG, 
Chu H, Dominguez-Bello MG, Ehrlich SD, Elinav E, 
Geva-Zatorsky N, et al. The hygiene hypothesis, the 
COVID pandemic, and consequences for the human 
microbiome. Proc Natl Acad Sci U S A. 2021;118 
(6):118. doi:10.1073/pnas.2010217118.

28. Zijlmans MA, Korpela K, Riksen-Walraven JM, De 
Vos WM, De Weerth C. Maternal prenatal stress is 
associated with the infant intestinal microbiota. 
Psychoneuroendocrinology. 2015;53:233–245. 
doi:10.1016/j.psyneuen.2015.01.006.

29. Motrico E, Bina R, Dominguez-Salas S, Mateus V, 
Contreras-Garcia Y, Carrasco-Portino M, Ajaz E, 
Apter G, Christoforou A, Dikmen-Yildiz P, et al. 
Impact of the Covid-19 pandemic on perinatal mental 
health (Riseup-PPD-COVID-19): protocol for an 
international prospective cohort study. BMC Public 
Health. 2021;21(1):368. doi:10.1186/s12889-021- 
10330-w.

30. Children NAftEoY. A state-by-state look at child care in 
crisis: understanding early effects of the coronavirus 
pandemic. 2020.

31. Hermes GDA, Eckermann HA, De Vos WM, De 
Weerth C. Does entry to center-based childcare affect 
gut microbial colonization in young infants? Sci Rep. 
2020;10(1):10235. doi:10.1038/s41598-020-66404-z.

32. Bielecki M, Patel D, Hinkelbein J, Komorowski M, 
Kester J, Ebrahim S, Rodriguez-Morales AJ, 
Memish ZA, Schlagenhauf P. Air travel and 
COVID-19 prevention in the pandemic and 
peri-pandemic period: a narrative review. Travel 
Med Infect Dis. 2021;39:101915. doi:10.1016/j. 
tmaid.2020.101915.

33. Brooks AW, Priya S, Blekhman R, Bordenstein SR. Gut 
microbiota diversity across ethnicities in the United 
States. PLoS Biol. 2018;16(12):e2006842. doi:10.1371/ 
journal.pbio.2006842.

34. Prideaux L, Kang S, Wagner J, Buckley M, Mahar JE, De 
Cruz P, Wen Z, Chen L, Xia B, Van Langenberg DR, et al. 
Impact of ethnicity, geography, and disease on the micro-
biota in health and inflammatory bowel disease. Inflamm 
Bowel Dis. 2013;19(13):2906–2918. doi:10.1097/01. 
MIB.0000435759.05577.12.

35. Sheh A, Fox JG. The role of the gastrointestinal micro-
biome in Helicobacter pylori pathogenesis. Gut 
Microbes. 2013;4(6):505–531. doi:10.4161/gmic.26205.

36. Budding A, Sieswerda E, Wintermans B, Bos M An age 
dependent pharyngeal microbiota signature associated 
with SARS-CoV-2 infection SSRN: [Accessed 2021 
April 3]. https://ssrncom/abstract=3582780.

GUT MICROBES e1912562-7

https://doi.org/10.7554/eLife.00458
https://doi.org/10.1038/s41564-019-0409-6
https://doi.org/10.1038/s41564-019-0409-6
https://doi.org/10.1073/pnas.2010217118
https://doi.org/10.1016/j.psyneuen.2015.01.006
https://doi.org/10.1186/s12889-021-10330-w
https://doi.org/10.1186/s12889-021-10330-w
https://doi.org/10.1038/s41598-020-66404-z
https://doi.org/10.1016/j.tmaid.2020.101915
https://doi.org/10.1016/j.tmaid.2020.101915
https://doi.org/10.1371/journal.pbio.2006842
https://doi.org/10.1371/journal.pbio.2006842
https://doi.org/10.1097/01.MIB.0000435759.05577.12
https://doi.org/10.1097/01.MIB.0000435759.05577.12
https://doi.org/10.4161/gmic.26205
https://ssrncom/abstract=3582780

	Abstract
	Introduction
	Delivery mode
	Skin-to-skin care and rooming in
	Breast feeding and expressed breast milk use
	Home environments and hygiene measures
	Perinatal stress
	Daycare and travel exposure
	Conclusions
	Disclosure Statement
	Funding
	References

