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The current paradigm assumes that randomization eliminates all
confounding factors.! In this opinion, I challenge this view. For in-
stance, changes in parent-child relationships and/or fraternal rela-
tionships represent a new phenomenon that did not exist before.??
A curious question arises: Is it possible that changes in person-to-
person contact due to pandemics, social distancing, and other fac-
tors could alter the microbiota composition in individuals?

A recent paper by Valles-Colomer, published in Nature, on
person-to-person transmission of the gut and oral microbiomes has
significant implications for medical/biomedical research, medical
practice, study design, and data analysis.* However, these impli-
cations have not received much attention, particularly in contem-
porary probiotic and antimicrobial research. The study detected
astonishing patterns of extensive bacterial strain sharing among
individuals, with marked and recognizable intra-household, moth-
er-to-infant, and intra-population transmission patterns. This find-
ing, along with similar studies,»® will likely impact medical and
biomedical sciences in many ways. In this opinion, I attempted to
connect these pioneering works with recent probiotic supplementa-
tion studies conducted during the COVID-19 pandemic,* ' just to
mention a few. There is no doubt that these studies followed stand-
ard procedures. However, | argue that there is a “possibility” of
hidden bias that might have arisen due to altered social dynamics,
closeness, and person-to-person microbial transmission during the
COVID-19 pandemic, particularly in non-randomized clinical tri-
als, and potentially even in small-sample randomized clinical trials.

Compelling evidence shows that changes in parent-child rela-
tionships and/or fraternal relationships due to COVID-19-imposed
social distancing may introduce bias, leading to inaccurate esti-
mates of results. In particular, publication and expectation biases
could lead to significantly higher estimates of efficacy in studies
on oral and gut microbiota.'"!> Here, we must take a closer look at
“closeness”, defined as the average distance from one node to all
others.'3 Recent studies conducted during the COVID-19 pandem-
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ic show that the “closeness” between parents and their children/
infants was highly dynamic among families.!3 This suggests that
behaviors such as kissing and other forms of bodily contact, which
can lead to microbiota transmission, varied significantly and were
not necessarily consistent across all families.

Methodologically, randomization ensures that potential con-
founding factors are evenly distributed among treatment groups.!
However, in short-duration studies, uncertainties may arise from
factors such as the nature of oral ecology, microbiome transmis-
sibility, microbial population dynamics, and the varying time
courses of interactions and medication effects.!4!5 In such cases,
it is unlikely that randomization alone can be considered a reli-
able method—especially in studies using single-dose interven-
tions. These interventions may preclude the exploration of optimal
dose-response relationships for microbiota strains and sub-strains
in treatment.

Supporting this argument, there is evidence that even after ran-
domization, significant differences in calorie, carbohydrate, fat,
and protein intake may exist between two arms of the clinical tri-
al,'®17 all of which can significantly influence baseline microbiota
levels. Even more interestingly, some randomized clinical trials
have shown that participants’ baseline gut microbiota (confirmed
through beta diversity analyses) differed significantly from con-
trols, though not from each other.!® Intriguingly, in other medical
disciplines like pulmonary medicine, differences in baseline mi-
crobiomes have been reported between groups in trials comparing
sputum microbiota in adults with cystic fibrosis.!® This direct and
indirect evidence suggests that the possibility of non-normality in
baseline microbiota in clinical trials may not be easily dismissed.

The most direct supporting evidence comes from a recent paper
by Griffen et al.,’ which enrolled 55 biological and 50 adoptive
mother-child dyads to determine the effect of genetic relatedness
on the fidelity of oral bacterial transmission. Adoptive mother-
child dyads were recruited through adoption agencies. To match
the adoptive group by parents’ socioeconomic status and children’s
age, a biological group was also enrolled. To minimize bacterial
transmission from biological mothers, only children adopted at
birth and unrelated to the adoptive family were included. In the
biological group, only genetic birth mothers were included, and fa-
thers and siblings were also sampled when available. To allow for
the establishment of an oral bacterial community, children in both
the biological and adoptive groups were between three months
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and 12 years of age. Exclusion criteria for all participants included
chronic diseases affecting the immune system, oral cavity, or early
onset periodontitis. For all three niches sampled—supragingival
plaque, saliva/soft tissue, and subgingival plaque—the microbial
profiles of adopted and biological children were equally similar to
their mothers at both the species and strain levels. No genetic in-
fluence was found on the acquisition of oral bacteria. At the strain
level, all mothers and their children, regardless of genetic relation-
ship, were significantly more similar to each other than unrelated
mother-child pairs. This relationship was less pronounced at the
lower resolution species-level approach. Similar results were ob-
served for comparisons between adoptive and biological groups
(ISR soft tissue/saliva) when using relative abundance measures
instead of presence/absence measures. For instance, one study in-
vestigated the effect of fecal microbiomes on mother-infant dy-
ads, especially during the early postpartum period.® Based on this
study, there is a complex microbial interaction between breastfeed-
ing mothers and their infants, which indirectly supports the idea
that changes in the milk microbiome may influence the infant’s
gastrointestinal microbiome. These two findings provide the most
direct evidence for our argument that altered “closeness” during
the COVID-19 pandemic has the potential to introduce uncertain-
ties in bacterial transmission.>®

Considering the complex network of correlations between par-
ent-infant relationships and microbiome transmission, the results
of probiotic supplementation studies would inevitably be affected,
especially when sample sizes are small. It would be prudent to
consider these issues when designing future studies.?’-22

Altered oral and gut microbiota are implicated in the develop-
ment and progression of many medical conditions.?? On the other
hand, clinical trials typically enroll a minimum sample size based
on alpha statistics.?*?5 With these considerations, it seems highly
unlikely that randomization alone accounts for the confounding
effect of inter-individual microbiota variation and differences in
closeness. This implies that many clinical trials conducted during
the COVID-19 pandemic may have been subject to hidden bias.
This bias is not confined to clinical trials but spans a wide range
of diseases influenced by differential oral and gut microbiota. It
also affects daily clinical practice. Heterogeneous results in clini-
cal trials might be partially explained by the lack of standardized
methodologies to match participants (i.e., cases and controls) in
terms of oral and gut microbiota dynamics at each step of the study
process, highlighting the need for clear guidelines.?6-2°

Moreover, the perspective of these novel studies on person-to-
person microbial transmission creates a unique opportunity to test
a myriad of hypotheses.*® For instance, if microbiome compo-
sition contributes to a particular disease or condition, sharing a
household with someone who has a distinct gut or oral microbiota
pattern could influence study results and potentially predict the
outcome of interest, at least to some extent.

Consider this hypothesis: if microbiome composition con-
tributes to glucose intolerance, sharing a household with a shift
worker who is already known to have a higher risk of metabolic
disturbances would theoretically increase the risk of metabolic
disturbances, again, at least to some extent.3 Most readers would
agree that conducting a clinical trial under such conditions would
be methodologically, practically, and economically challenging.
However, a researcher could easily test this hypothesis by co-hous-
ing host mice with a mouse exposed to the variable of interest and
then measuring the microbiota and glucose homeostasis of the host
to gather preliminary data. Similar experiments based on studies of
person-to-person microbial transmission would represent a major
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advance in microbiota research.*-¢
This argument can be criticized in several ways:

* Firstly, clinical trials should account for this bias in future re-
search. However, there is currently very little insight or perspec-
tive on how to address this issue in real clinical trial settings.
Many factors, some of which are still unknown, can impact
microbiome composition and, consequently, disease outcomes.
The real question is how to incorporate this consideration. I call
for suggestions on the best methods to account for this potential
bias. One lesson for the next pandemic is the need to develop
tools to measure “closeness” as a confounding factor, both qual-
itatively and quantitatively.

* Secondly, it might be argued that the level of closeness between
parents and children was different during the pandemic, such
as through behaviors like kissing. Do we know for certain if
parents’ behavior changed during the pandemic? Yes, we spent
more time with our families, but outside the pandemic, children
would have been exposed to other kids at school or kindergar-
ten, which would have introduced them to a broader array of
people and children, potentially affecting their microbiomes
differently.

 Thirdly, applying proper randomization and using an appropri-
ate sample size should balance out any effects that social dis-
tancing might have had on the microbiome. Additionally, the
period of social distancing was relatively short, and normal life
has resumed since the end of the pandemic. It could be argued
that we are uncertain whether there will be any lasting effects.

 Lastly, many other factors, such as genetics, nutrition, lifestyle,
and access to healthcare systems, would likely play a more sig-
nificant role in this context.

In conclusion, if this argument proves valid, we could extrapo-
late that all prognostic, diagnostic, cross-sectional, and interven-
tional studies should account for the potential confounding effect
of closeness differences when designing studies that involve body
microbiota. This possible confounding variable would also impact
allocation methods and sample size determination formulas used
in clinical trials. This opinion has important implications for phar-
macological, microbial, and infection studies, both clinically and
epidemiologically. Furthermore, it underscores the need to develop
practical tools for measuring closeness as a confounding factor,
both qualitatively and quantitatively, for future preparedness.

Aesthetically, I like to refer to this confounding phenomenon as
“French Kiss Bias”, even though we know oral and gut microbiota
are transmitted via multiple routes.

Acknowledgments

None.

Funding

This research received no specific grant from any funding agency,
whether commercial or not-for-profit.

Conflict of interest

The author declares no competing interests.

Author contributions

RR is the sole author of this manuscript.

DOI: 10.14218/ERHM.2024.00030 | Volume 00 Issue 00, Month Year


https://doi.org/10.14218/ERHM.2024.00030

Reza Rastmanesh R.: Does person-to-person contact confound microbiota research?

References

(1

[10]

[11]

[12]

[13]

[14]

[15]

DOI: 10.14218/ERHM.2024.00030 | Volume 00 Issue 00, Month Year

Colnet B, Mayer |, Chen G, Dieng A, Li R, Varoquaux G, et al. Causal in-
ference methods for combining randomized trials and observational
studies: a review. Statistical Sci 2024;39(1):165-191. d0i:10.1214/23-
STS889.

Cassinat JR, Whiteman SD, Serang S, Dotterer AM, Mustillo SA,
Maggs JL, et al. Changes in family chaos and family relationships
during the COVID-19 pandemic: Evidence from a longitudinal study.
Dev Psychol 2021;57(10):1597-1610. doi:10.1037/dev0001217,
PMID:34807683.

Elgormus N, Senyigit A, Okuyan O, Bozkurt F, Aydin DS, Uzun H. Evalu-
ation of the Effect of Early-Onset Steroid Treatment in the COVID-
19-Positive Pregnant Women on Pregnancy Outcomes. Viruses
2024;16(9):1453. doi:10.3390/v16091453, PMID:39339929.
Valles-Colomer M, Blanco-Miguez A, Manghi P, Asnicar F, Dubois L,
Golzato D, et al. The person-to-person transmission landscape of
the gut and oral microbiomes. Nature 2023;614(7946):125-135.
doi:10.1038/s41586-022-05620-1, PMID:36653448.

Mukherjee C, Moyer CO, Steinkamp HM, Hashmi SB, Beall CJ, Guo
X, et al. Acquisition of oral microbiota is driven by environment, not
host genetics. Microbiome 2021;9(1):54. doi:10.1186/s40168-020-
00986-8, PMID:33622378.

Williams JE, Carrothers JM, Lackey KA, Beatty NF, Brooker SL, Peter-
son HK, et al. Strong Multivariate Relations Exist Among Milk, Oral,
and Fecal Microbiomes in Mother-Infant Dyads During the First Six
Months Postpartum. J Nutr 2019;149(6):902—914. doi:10.1093/jn/
nxy299, PMID:31063198.

Cabrera SM, Coren AT, Pant T, Ciecko AE, Jia S, Roethle MF, et al. Pro-
biotic normalization of systemic inflammation in siblings of type 1 di-
abetes patients: an open-label pilot study. Sci Rep 2022;12(1):3306.
doi:10.1038/s41598-022-07203-6, PMID:35228584.

Chen K, Jin S, Ma Y, Cai L, Xu P, Nie Y, et al. Adjunctive efficacy of
Lactis XLTG11 for Acute diarrhea in children: A randomized, blinded,
placebo-controlled study. Nutrition 2023;111:112052. doi:10.1016/].
nut.2023.112052, PMID:37172455.

DeMuri GP, Lehtoranta LM, Eickhoff JC, Lehtinen MJ, Wald ER. Ex vivo
peripheral blood mononuclear cell response to R848 in children after
supplementation with the probiotic Lactobacillus acidophilus NCFM/
Bifidobacterium lactis Bi-07. Benef Microbes 2021;12(1):85-93.
doi:10.3920/BM2020.0068, PMID:33550937.

Marcelo TLP, Pellicciari CR, Artioli TO, Leiderman DBD, Gradinar ALT,
Mimica M, et al. Probiotic therapy outcomes in body composition of
children and adolescent with obesity, a nonrandomized controlled tri-
al. Arch Endocrinol Metab 2022;66(6):815-822. doi:10.20945/2359-
3997000000526, PMID:36219201.

Bardosh KL. How did the Covid pandemic response harm society?
A global evaluation and state of knowledge review (2020-21). SSRN
Electronic Journal 2023. doi:10.2139/ssrn.4447806.

Busa F, Bardanzellu F, Pintus MC, Fanos V, Marcialis MA. COVID-19
and School: To Open or Not to Open, That Is the Question. The First
Review on Current Knowledge. Pediatr Rep 2021;13(2):257-278.
doi:10.3390/pediatric13020035, PMID:34205837.

FangL, Yuen M, ZhangJ, Ho EY, Chan S, Wu F, et al. A network analysis
of positive developmental assets of Hong Kong school-age children
during the Covid-19 pandemic. Curr Psychol 2024;43:12188-12197.
doi:10.1007/s12144-023-04287-9, PMID:36718391.

Hasain Z, Che Roos NA, Rahmat F, Mustapa M, Raja Ali RA, Mokhtar
NM. Diet and Pre-Intervention Washout Modifies the Effects of Pro-
biotics on Gestational Diabetes Mellitus: A Comprehensive System-
atic Review and Meta-Analysis of Randomized Controlled Trials. Nu-
trients 2021;13(9):3045. doi:10.3390/nu13093045, PMID:34578921.
Martin-Peldez S, Cano-lbaiez N, Pinto-Gallardo M, Amezcua-Prieto
C. The Impact of Probiotics, Prebiotics, and Synbiotics during Preg-

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

Explor Res Hypothesis Med

nancy or Lactation on the Intestinal Microbiota of Children Born by
Cesarean Section: A Systematic Review. Nutrients 2022;14(2):341.
doi:10.3390/nu14020341, PMID:35057522.

Nilholm C, Larsson E, Sonestedt E, Roth B, Ohlsson B. Assessment
of a 4-Week Starch- and Sucrose-Reduced Diet and lIts Effects on
Gastrointestinal Symptoms and Inflammatory Parameters among
Patients with Irritable Bowel Syndrome. Nutrients 2021;13(2):416.
doi:10.3390/nu13020416, PMID:33525489.

Ramezani N, Moafi A, Nadjarzadeh A, Yousefian S, Reisi N, Salehi-
Abargouei A. The Effect of Soy Nut Compared to Cowpea Nut on
Body Weight, Blood Cells, Inflammatory Markers and Chemotherapy
Complications in Children with Acute Lymphoblastic Leukemia: A
Randomized Controlled Clinical Trial. Nutr Cancer 2018;70(7):1017—
1025. doi:10.1080/01635581.2018.1495240, PMID:30198779.
Thorpe CM, Kane AV, Chang J, Tai A, Vickers RJ, Snydman DR. En-
hanced preservation of the human intestinal microbiota by ridinila-
zole, a novel Clostridium difficile-targeting antibacterial, compared
to vancomycin. PLoS One 2018;13(8):e0199810. doi:10.1371/jour-
nal.pone.0199810, PMID:30071046.

Heirali A, Thornton C, Acosta N, Somayaji R, Laforest Lapointe I, Sto-
rey D, et al. Sputum microbiota in adults with CF associates with
response to inhaled tobramycin. Thorax 2020;75(12):1058-1064.
doi:10.1136/thoraxjnl-2019-214191, PMID:33139451.

Carozza S, Leong V. The Role of Affectionate Caregiver Touch in
Early Neurodevelopment and Parent-Infant Interactional Synchrony.
Front Neurosci 2021;14:613378. doi:10.3389/fnins.2020.613378,
PMID:33584178.

Dubois L, Valles-Colomer M, Ponsero A, Helve O, Andersson S, Kolho
KL, et al. Paternal and induced gut microbiota seeding complement
mother-to-infant transmission. Cell Host Microbe 2024;32(6):1011-
1024.e4. doi:10.1016/j.chom.2024.05.004, PMID:38870892.
Hermes GDA, Eckermann HA, de Vos WM, de Weerth C. Does en-
try to center-based childcare affect gut microbial colonization in
young infants? Sci Rep 2020;10(1):10235. doi:10.1038/s41598-020-
66404-z, PMID:32581284.

Kunath BJ, De Rudder C, Laczny CC, Letellier E, Wilmes P. The oral-
gut microbiome axis in health and disease. Nat Rev Microbiol 2024.
doi:10.1038/s41579-024-01075-5, PMID:39039286.

Althubaiti A. Sample size determination: A practical guide for
health researchers. ) Gen Fam Med 2023;24(2):72-78. doi:10.1002/
jgf2.600, PMID:36909790.

Granholm A, Alhazzani W, Derde LPG, Angus DC, Zampieri FG, Ham-
mond NE, et al. Randomised clinical trials in critical care: past, present
and future. Intensive Care Med 2022;48(2):164-178. doi:10.1007/
s00134-021-06587-9, PMID:34853905.

Giordano-Kelhoffer B, Lorca C, March Llanes J, Rabano A, Del Ser T,
Serra A, et al. Oral Microbiota, Its Equilibrium and Implications in
the Pathophysiology of Human Diseases: A Systematic Review. Bio-
medicines 2022;10(8):1803. doi:10.3390/biomedicines10081803,
PMID:36009350.

Maki KA, Kazmi N, Barb JJ, Ames N. The Oral and Gut Bacterial Mi-
crobiomes: Similarities, Differences, and Connections. Biol Res Nurs
2021;23(1):7-20.d0i:10.1177/1099800420941606, PMID:32691605.
Tan X, Wang Y, Gong T. The interplay between oral microbiota, gut mi-
crobiota and systematic diseases. J Oral Microbiol 2023;15(1):2213112.
doi:10.1080/20002297.2023.2213112, PMID:37200866.

Chung The H, Le SH. Dynamic of the human gut microbiome under in-
fectious diarrhea. Curr Opin Microbiol 2022;66:79-85. doi:10.1016/j.
mib.2022.01.006, PMID:35121284.

Wang D, Ruan W, Chen Z, Peng Y, Li W. Shift work and risk of car-
diovascular disease morbidity and mortality: A dose-response meta-
analysis of cohort studies. Eur J Prev Cardiol 2018;25(12):1293-1302.
doi:10.1177/2047487318783892, PMID:29929393.


https://doi.org/10.14218/ERHM.2024.00030
https://doi.org/10.1214/23-STS889
https://doi.org/10.1214/23-STS889
https://doi.org/10.1037/dev0001217
http://www.ncbi.nlm.nih.gov/pubmed/34807683
https://doi.org/10.3390/v16091453
http://www.ncbi.nlm.nih.gov/pubmed/39339929
https://doi.org/10.1038/s41586-022-05620-1
http://www.ncbi.nlm.nih.gov/pubmed/36653448
https://doi.org/10.1186/s40168-020-00986-8
https://doi.org/10.1186/s40168-020-00986-8
http://www.ncbi.nlm.nih.gov/pubmed/33622378
https://doi.org/10.1093/jn/nxy299
https://doi.org/10.1093/jn/nxy299
http://www.ncbi.nlm.nih.gov/pubmed/31063198
https://doi.org/10.1038/s41598-022-07203-6
http://www.ncbi.nlm.nih.gov/pubmed/35228584
https://doi.org/10.1016/j.nut.2023.112052
https://doi.org/10.1016/j.nut.2023.112052
http://www.ncbi.nlm.nih.gov/pubmed/37172455
https://doi.org/10.3920/BM2020.0068
http://www.ncbi.nlm.nih.gov/pubmed/33550937
https://doi.org/10.20945/2359-3997000000526
https://doi.org/10.20945/2359-3997000000526
http://www.ncbi.nlm.nih.gov/pubmed/36219201
https://doi.org/10.2139/ssrn.4447806
https://doi.org/10.3390/pediatric13020035
http://www.ncbi.nlm.nih.gov/pubmed/34205837
https://doi.org/10.1007/s12144-023-04287-9
http://www.ncbi.nlm.nih.gov/pubmed/36718391
https://doi.org/10.3390/nu13093045
http://www.ncbi.nlm.nih.gov/pubmed/34578921
https://doi.org/10.3390/nu14020341
http://www.ncbi.nlm.nih.gov/pubmed/35057522
https://doi.org/10.3390/nu13020416
http://www.ncbi.nlm.nih.gov/pubmed/33525489
https://doi.org/10.1080/01635581.2018.1495240
http://www.ncbi.nlm.nih.gov/pubmed/30198779
https://doi.org/10.1371/journal.pone.0199810
https://doi.org/10.1371/journal.pone.0199810
http://www.ncbi.nlm.nih.gov/pubmed/30071046
https://doi.org/10.1136/thoraxjnl-2019-214191
http://www.ncbi.nlm.nih.gov/pubmed/33139451
https://doi.org/10.3389/fnins.2020.613378
http://www.ncbi.nlm.nih.gov/pubmed/33584178
https://doi.org/10.1016/j.chom.2024.05.004
http://www.ncbi.nlm.nih.gov/pubmed/38870892
https://doi.org/10.1038/s41598-020-66404-z
https://doi.org/10.1038/s41598-020-66404-z
http://www.ncbi.nlm.nih.gov/pubmed/32581284
https://doi.org/10.1038/s41579-024-01075-5
http://www.ncbi.nlm.nih.gov/pubmed/39039286
https://doi.org/10.1002/jgf2.600
https://doi.org/10.1002/jgf2.600
http://www.ncbi.nlm.nih.gov/pubmed/36909790
https://doi.org/10.1007/s00134-021-06587-9
https://doi.org/10.1007/s00134-021-06587-9
http://www.ncbi.nlm.nih.gov/pubmed/34853905
https://doi.org/10.3390/biomedicines10081803
http://www.ncbi.nlm.nih.gov/pubmed/36009350
https://doi.org/10.1177/1099800420941606
http://www.ncbi.nlm.nih.gov/pubmed/32691605
https://doi.org/10.1080/20002297.2023.2213112
http://www.ncbi.nlm.nih.gov/pubmed/37200866
https://doi.org/10.1016/j.mib.2022.01.006
https://doi.org/10.1016/j.mib.2022.01.006
http://www.ncbi.nlm.nih.gov/pubmed/35121284
https://doi.org/10.1177/2047487318783892
http://www.ncbi.nlm.nih.gov/pubmed/29929393

	﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


