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Purpose
Parents often present their infant for chiropractic care. In the 
therapeutic encounter there are often questions about the 
use of probiotics for their baby. There has been considerable 
research in the area of probiotics for infant colic. The goal 
of this opinion piece is to explore and interpret the research 
literature and help to clarify when probiotics may best serve 
the baby and mother.

Background
Chiropractic offices are receiving large numbers of infant 
patients into their practices, and an excessively crying baby, 
aka infant colic, is a very common presentation.   Chiropractors 
have a well-known effective treatment for excessive crying,1 
but it may not solve the problem for every baby or parents 
may want a different approach.  Consequently, and with 
the increased probiotic marketing in the last few years, 
parents frequently ask about it. Therefore, large numbers of 
parents are seeking professional information on the place of 
probiotics for their baby’s health.

However, there is a lack of clear guidance on how to advise 
parents regarding probiotics for their infant. Despite 
many randomized controlled trials and several systematic 
reviews, it is not always recognized that research data must 
be translated for the practical applications to benefit the end 
user, the parent and infant. In short, evidence suggests that 
probiotics might offer some benefits,2,3 but don’t tell you 
why and when to apply it. On the other hand, the latest 
Cochrane Review in 2019 reported that there is no evidence 
that probiotics are more effective for infant colic than 
placebo.4 

When should a probiotic be taken?
So why should probiotics be given to the infant? Because 
mode of birth, mode of feeding and the environment 
make a difference to baby’s microbiome. Infants rely on 
colonization of the gut in order to complete development 
of the immune system and gastrointestinal tract.5 Major 
microbial colonization of the human intestine is transmitted 
at birth (through the birth canal), as well as through skin to 

skin contact and  feeding in the first year of life and sets the 
stage for long-term health.6 Furthermore, researchers have 
found that one of the main sources of infant gut bacteria 
is the mother’s gut,7,8 as they are directly transmitted by 
vaginal birth and breast feeding. In the mother, gut flora is 
transmitted to vaginal flora,9 which then is seeded to the new-
born by passing through the vaginal canal at birth.7 Further 
studies have elucidated several modes of transmission 
(skin, oral, placental, vaginal, breastmilk) broadening 
our understanding of the development, maturation and 
stability of the fetal/infant microbiome.10,11,12

This is especially important, because in vaginally born 
infants, maternal strains are found to be very stable over 
the first year of life. In contrast, non-maternal strains are 
unstable and less viable and nearly always replaced by the 
age of 12 months.13 This supports the hypothesis that the 
first inoculation of the infant’s gastrointestinal tract with 
the mother’s bacterial milieu is a significant introduction to 
bacteria and that the infant gut is seeded prior to birth with 
bacterial DNA. It is further supported as short chain fatty 
acids (SCFAs) (which play an important role in gut health 
and development) have been found in the amniotic fluid. It 
has been argued that this might be due to contamination.14 

However, a study done by Stinson et al. (2019) retested 
this hypothesis by eliminating contamination as much 
as possible and still found bacterial DNA in the amniotic 
fluid.15 Since the fetus swallows amniotic fluid in the last 
two semesters of pregnancy, it supports the conclusion 
that the first colonization of the gut starts at this point. In 
fact, data from Stinson et al. indicated that the majority of 
bacterial DNA found in the fetal gut at birth is also found in 
the amniotic fluid.15 Furthermore, not only is the amniotic 
fluid microbiota similar to that in the fetal gut, but also to 
the placental microbiota.14 

Even though this data shows that the fetus is exposed to 
bacterial DNA prior to birth, it does not prove that the DNA 
comes from viable bacteria.15 It might be the case that dead 
bacterial remnants have passed through the placenta into 
the amniotic fluid. Therefore, it is still unknown whether 
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the baby’s microbiome development begins prenatally 
in utero or singularly, by passing through the birth canal. 
What is known is, that the infant microbiome is colonized 
no later than when going through the birth canal and that 
the vaginal flora is similar to the gut flora of the mother. 
Further, it is known that bacterial DNA by itself influences 
the fetal immune development,15 as well as sets the stage for 
fetal metabolism.16 

An abundance of literature has become available in the last 
decade highlighting the importance of the microbiome. El 
Aidy et al (2016) reported that the gut microbiome plays a 
crucial role in host physiology. Disruption of its community 
structure and function can have wide-ranging effects 
making it critical to understand exactly how the interactive 
dialogue between the host and its microbiota is regulated 
to maintain homeostasis.17   Ringel-Kulka, et al (2013), then 
Cryan, et al (2019) described how the brain-gut axis allows 
bi-directional communication between the central and 
enteric nervous systems, linking emotional and cognitive 
centers of the brain with peripheral intestinal function.18,19 

Recent experimental work suggests that the gut microbiota 
have an impact on the brain-gut axis.20

Research supports that the microbiome influences 
metabolism, immunity, hormones and possibly even 
behavior.20,21 Among mammals, milk constituents directly 
influence the ecology of the infant’s commensal microbiota. 
The immunological and nutritional impacts of breast milk 
and microbiota are increasingly well understood; less 
clear are the consequences for infant behavior. It has been 
hypothesized by Allen-Blevins, et al (2015), that infant 
behavior likely varies as a function of their mother’s milk 
composition interacting with the infant’s neurobiology 
directly and indirectly through the commensal gut 
bacteria.22

Although the precise pathways of microbiota-hormonal 
signalling have not yet been deciphered, specific changes 
in hormone levels correlate with the presence of gut 
microbiota. The microbiota produces and secretes 
hormones, responds to host hormones and regulates 
expression levels of host hormones. The concept proposed 
by Clark, et al (2014) was, that the gut microbiota serves 
as a virtual endocrine organ, which arose from a number 
of important observations.23 They cited animal studies that 
showed exaggerated responses to psychological stress, 
which normalized following colonization of the gut by B. 
infantis.23 This discussion was expanded by Williams, et al 
in 2020.24  Another study by Luoto, et al (2010) demonstrated 
that L. rhamnosis PL60 played a role in the reduction of body 
weight gain and white adipose tissue without any effects on 
food intake.25 And lastly, a study showed that manipulating 
the microbial composition of the GI tract modulated 
plasma concentrations of tryptophan, an essential amino 

acid and precursor to serotonin, a neurotransmitter that is 
known to improve mood and positive feelings.26 Long term 
implications of the protective role in the function of many 
systems of the body that a healthy microbiome plays cannot 
be underestimated. The investigation of the microbial 
bioprotective role of probiotics at the intestinal level has 
been promoted by Garcia-Conzales et al (2020).27 

The development of the functional human microbiome is 
also critical in the development of preventive protocols for 
one of the most devastating neurologic disabilities befalling 
children at an alarming rate (1:54 children according 
to the most recent CDC data available).28 According to 
Doenyas (2018), there is accumulating evidence, which has 
strengthened a link between dysbiotic gut microbiota and 
autism.29  This recent evidence implicates immune system 
alterations and gut microbiotic dysbiosis and its potential 
effects on ASD (autism spectrum disorder), susceptible 
genes, neurodevelopment and intestinal and blood 
brain barrier integrity in at least some subpopulation of 
individuals with ASD.30

Therefore, it cannot be emphasized enough that it is 
important for the mother to have a healthy gut microbiome 
before birth and it might be beneficial to start probiotic 
supplementation in the third trimester of pregnancy. To 
find out the need for supplementation exactly, a stool 
analysis should be done, although this is considered costly. 
Even without the stool sample findings showing imbalance, 
taking a pregnancy specific probiotic supplement can 
beneficially support a healthy floral array during pregnancy. 
It may prove to be a prudent recommendation especially 
since there is virtually no risk and there may be a powerful 
health benefit in the establishment of stable microbiota 
colonization for the infant.31,32

The reproductive microbiome
It is customary to encourage mothers to take special care of 
themselves when they become pregnant. But what about 
her state of health before her pregnancy, let alone the state 
of her biological partner? In recent years the preconception 
and pregnancy microbiome has become the focus of several 
studies. Studies show that during the preconception 
period, the composition of the female as well as the male 
microbiome can interfere with reproduction as well as 
development of the fetus. Interestingly, the most prevalent 
microbiota detected in follicular fluid are Lactobacillus 
spp.33 Additionally, they are associated with a better embryo 
quality and therefore leading to a significant higher rate of 
embryo transfer and successful implantation and gestation 
in women who undergo the complex series of procedures 
involved with in vitro fertilization.33

Fetal viability, growth and development are largely 
dependent on optimal placental function, which includes 
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a healthy microbiome.33 A different microbiome compared 
with normal pregnancy outcomes has been detected in 
placentas of pregnancies complicated by preterm birth.34 It 
has also been found that the bacteria found in the preterm 
placenta were similar to those commonly residing in 
the vagina.34 A vaginal microbiome composed solely of 
Lactobacillus before embryo transfer is associated with 
a successful outcome of IVF-embryonic transfer.35 This 
suggests that the placental microbiome is influenced 
by the vaginal microbiome. Additionally, the placental 
microbiome has a taxonomic profile that is similar to the 
oral microbiome and longstanding periodontal disease may 
cause adverse pregnancy outcomes.36 This suggests a full 
circle where colonizing bacteria may all have originated in 
the oral cavity which is, no doubt, influenced by what we 
put in our mouth. So, logic predicts that, when planning for 
pregnancy, taking an array of viable healthy oral and gut 
bacteria by mouth (powder or liquid would be preferable, 
as capsules open first at the upper intestinal tract) might be 
the recipe for success.

What about the male? It has been revealed that semen 
contains strictly facultative anaerobic bacteria of 
which the most abundant bacteria are Lactobacillus, 
Pseudomonas, Gardnella, Finegoldia, Corynebacterium 
and Staphylococcus.37 Interestingly, a positive association 
of  a Lactobacillus dominated microbiome has been 
correlated with good semen quality due to the protective 
lactic acid synthesized by Lactobacillus.37 Evidence shows 
that the seminal microbiome has a lower biomass, but a 
higher diversity compared to the vaginal microbiome and 
induces a significant change in the vaginal microbiome 
after intercourse.38 So if the vaginal microbiome can be 
significantly changed by the seminal microbiome and since 
a healthy vaginal microbiome may be the deciding factor 
for implantation, it might be important for the male to take 
probiotics, especially when fertility problems arise.

The Cesarean-Section and the Formula-Fed baby
Infants born by Cesarean-section or those exposed to 
antibiotics (administered directly or indirectly through 
the mother) have been found to be at increased risk of 
developing metabolic, inflammatory and immunological 
diseases, which is thought to be due to disruption of 
normal gut microbiota.13 In a double blind, placebo-
controlled randomized clinical trial, mothers were given 
a multispecies probiotic, consisting of Bifidobacterium 
breve, Propionibacterium freudenreichii, Shermanii JS, 
and Lactobacillus rhamnosus. Results indicated that it is 
possible to correct the changes due to antibiotic ingestion 
in microbiota composition.13,39,40 It is well known that 
antibiotic treatment alters the composition and metabolic 
function of the intestinal microbiota. These alterations may 
contribute to the pathogenesis of necrotizing enterocolitis 
and antibiotic-associated diarrhea, severe and life-

threatening illnesses of the neonate.40 Their result suggests 
that correcting a potential health issue with a non-invasive 
and harmless procedure like the application of scientifically 
tested probiotic bacteria might be worth doing for both the 
baby born by C-section and the one receiving antibiotics. 

The microbiome in the Cesarean delivered infants has been 
shown to be mostly devoid of the maternally transmitted 
seeding classes Actinobacteria and Bacteroidia during the 
first months of life; species of Bacteroidia in particular 
were consistently missing.13 The likelihood of transmitting 
maternal strains with vaginal birth is 0.87 compared to 
neonates born by Cesarean, which is 0.13 In addition to 
the absence of maternal strains, the Cesarean-delivered 
infants showed higher strain fluctuations than the vaginally 
born ones, particularly regarding Bacteroidia strains.13 

Therefore, an unstable microbiome that is easily invaded 
by pathogens can also be easily supplemented by probiotics 
(good bacteria). Supplementing with Bacteroidia would be 
the solution to counteract the missing bacterial strain in 
Cesarean born infants. Just one obstacle arises; Bacteroides 
are an absolute anaerobic bacteria and are currently not 
for sale on the market. However, pre-clinical trials indicate 
that Bacteroides genus is widely considered as a source of 
novel beneficial candidates for attenuating inflammation 
by regulating lymphocytes and cytokine expression, 
controlling metabolism and preventing cancer.41 Therefore, 
they are in the development stage as a next generation 
probiotic (NGP).42 Until a NGP is available, supplementing 
with Bifidobacteria (phylum Actinobacteria) is a viable 
choice, not least because Bifidobacteria comprises the 
largest group within a healthy infant microbiome.5 

Maternal breast milk contains live, culturable bacteria 
including Bifidobacteria,6 which are transported from 
the mother’s gut by the enteromammary pathway to the 
mammary glands. The enteromammary pathway involves 
immune cell-mediated bacterial translocation from the 
mother’s gastrointestinal tract into the mammary gland, 
where some of these bacteria are able to colonize the 
available niche in the baby’s gut.43 Even if the young intestine 
proved relatively unpopulated, vaginal birth, skin to skin 
contact, breast, even siblings, pets44 and the environment45 

further populate it with a diversity of healthy bacteria.44,45 
As the baby gets older, the bacteria increase in number 
and colonize more of the surface area of the gut. If this 
natural process is interfered with, opportunistic organisms 
(pathological bacteria, yeast, parasites) are presented with 
the opportunity to populate the gut.  It then becomes a 
matter of the infant’s healthy microbiome to suppress the 
colonizing invaders to counteract disease. This could prove 
a hard fight to win. Fortunately, human milk is another 
avenue of stimulation of the further proliferation of mainly 
Bifidobacterium and numerous Lactobacillus strains. 
Bifidobacteria, the predominant probiotic microorganisms 
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present in the maternal and infant gut, creates an acidic 
environment, rich in short chain fatty acids (SCFAs) with a 
protective and nutritive role for the neonate’s intestines,46,47 
and therefore supports the baby’s immune system.13,47  
Subsequently, the lowering of the pH creates an ideal 
environment for the “good” bacteria to function, which 
then leads to the inhibition of inflammation, pathogens 
and creates an environment to naturally avert any invasion 
of ‘bad’ bacteria.48,49,50 Furthermore, the microbiome 
composition of the neonate is influenced by the gestational 
age at birth (preterm vs term), by birth mode (vaginal vs 
c-section), by diet and feeding method (breast vs bottle 
(pumped breastmilk vs formula) and later solid food)49 and 
environment (Hygiene Hypotheses).44,45 The gut colonization 
continues with a shift to a solid food diet, which contains a 
lot of plant polysaccharides. Clostridia (phylum Firmicutes) 
are introduced in addition to the species Actinobacteria and 
Bacteroidia which are derived directly from the mother by 
vaginal birth.13 

Table 1 shows predominant bacterial strains in the gut 
delineated by birth mode, feeding mode or environment. 

Research has shown that a suboptimal microbiome can be 
changed towards a more preferable one. In recent years, 
the implementation of formula with added prebiotics and 
probiotics has been shown to modulate the microbiome 
composition towards that of a breast-fed infant gut flora 
and to stimulate the immune response.51 Two things should 
be noted. Most of these studies were done by special 
interest groups, such as formula companies. Secondly, it 
is well-known that probiotic bacteria cannot survive in 
temperatures above 40° Celsius (104° Fahrenheit). Most 

mothers prepare bottles with boiling water, far above those 
temperatures.

Does probiotic supplementation help with infant colic?
Table 2 (following page) shows evidence that probiotics may 
be helpful for infant colic in breastfed babies. The question 
must be asked: Why do probiotics only help infant colic in 
breastfed babies and not in formula fed babies? Why does 
the Intervention with L. reuteri, for example, only have a 
significant effect on babies being breast fed? This suggests 
that maybe it was the composition and beneficial bacteria 
of breast milk helping L. reuteri to proliferate and not vice 
versa. 

If the normal development of the microbiome is interrupted 
due to circumstances that arise during gestation, birth and 
early postpartum, infants may require support to populate 
the gut with bifidobacteria along with lactobacillus in 
order to maintain the pH necessary to avoid overgrowth 
of pathogens. This will help normalize immune function 
and decrease inflammation which may reduce the infant’s 
discomfort. Viable Bifidobacteria are found in breast milk.52 

The question remains: if we supplement with an additional 
probiotic (L.reuteri), is there a “critical mass” of these two 
probiotic bacteria that when it is reached, the effect is to 
calm the irritable infant or is it because there is already a 
lower incidence of colic in breastfed babies, and these mild 
cases would resolve on their own?

Prebiotics such as human milk oligosaccharides (HMOs) 
are a group of important complex carbohydrates that are 
found in breast milk. These HMOs are important in the 
developing infant because they help to shape the infant’s 

Table 1: Predominant bacterial strains by birth mode, feeding mode or environment (most common strain in bold)22,25,45-49,56,57

1. Pregnancy	 - Term:		  Decrease Faecalibacterium/ Increase Proteobacteria, Actinobacteria 	
                  		  - Preterm:	 Decrease Bifidobacteria
	
2. Birth mode: 	 - Vaginal		 Lactobacillus, Prevotella, Bacteroidales, Actinomycetales
		  - C-Section:	 Increased pathogenic Microbes (ex. Staphylococcus, Clostridium)/Decreased Bacteroides, 
				    Bifidobacterium

3. Feeding mode:	 - Breast milk:	 Decreased Firmicutes/ Increased Bifidobacteria (B. Infantis),  Lactobacilles , L. rhamnosus 
				    Veillonella (18.4%) and Escherichia/Shigella (15.2%)
		  - Formula fed:	 Decreased Bifidobacteria/Increased Enterococci, Enterobacteria Streptococcus (18.64%) 
				    and Klebsiella (17.41%)
		  - Solid food:	 Bacteroidetes increase for the digestion of innsoluble fibers

4. Diet :		  - Europe:	 Decreased Bacteriodetes/ Increased Firmicutes (Clostridia, Enterococcus)
		  - Africa:		  Decreased Firmicutes/ Increased Bacteriodetes

5. Environment:	 - Hygiene	 Hypotheses, where the child for example is not exposed to unhygenic circumstances 
				    and a decrease in diversity of comensial microbes results.

Most important time period for colonization is from birth to one year of age. In C-Section, this is delayed. After the third year of age 
the microbiome stabilizes. 
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gut microbiome by facilitating the selection of beneficial 
bacteria,50 and therefore, improve the balance and function 
of the microbiome. Could it perhaps take more time in 
some vulnerable infants to reach the protective levels in the 
microbiome? If so, might a longer time of intervention with 
probiotics be required? 

Colostrum, which is the first milk produced, contains the 
prebiotic HMOs, which promotes in vitro growth of gut 
bacteria like Bifidobacterium longum subspecies infantis, 
while suppressing growth of pathogens like Escherichia coli 
and Clostridium perfringens.5 No one has studied whether 
the colic babies who were breastfed may have missed out 
on early colostrum due to difficulty with feeding in the first 
place (but later overcome). There are many confounding 
factors that must be examined before merely accepting the 
studies’ findings without question. Another factor that is 
not controlled for in the studies is the type of birth, which, 
of course, is an absolute key to the health of the microbiome.
The confluence of natural vaginal birth with breastfeeding 
optimizes the normal microbiome. Vaginally born 
infants receive the advantage of being colonized with 
Lactobacillus, especially L. bifidus.11,36 These have been 
found in preponderance in stools of breast-fed infants and 
this creates an ideal environment for the “good” bacteria to 
develop and grow, which in turn improves the health of the 
infant.  Another question would be: are the colicky infants 
in those studies more likely to have had a mechanized 
birth, since it is known that assisted birth is the major risk 
factor for colic?53 That alone would explain why only some 
breastfed babies have colic and why a probiotic might be 
helpful. In the opinion of the authors, more research is 
indicated in this area, controlling for confounding factors.

Which baby should take probiotics?	
Perhaps such a simple concept, as administering probiotics 
to an infant is not quite so simple. Confusion is created by 
studies using different probiotics (mono-and multispecies, 

Intervention, N, Time
  
L. reuteri (345 infants, 21-28 days)2,3

L. rhamnosus (30 infants, 28 days)2,3

L. casei, L. rhamnosus, S.thermophilus, B. 
breve, L. acidopilus, B. infantis, L. bulgari-
cus (50 infants, 30 days)2,3

B. animalis subsp. lactis (80 infants, starting 
at less than 7 weeks of age for 28 days)58

Result

The probiotic group averaged less crying and/or fussing time than the placebo group 
at all times. The duration of crying in breast fed infants at the end of the intervention 
was reduced by almost 50 minutes, but only for exclusively breastfed infants. 

No significant effect was found. Breast- and formula-fed infants were included. 

The probiotic group averaged less crying than the placebo group at the end of the in-
tervention. The duration of daily crying time was reduced by at least 50%. The study 
was only done on breast fed infants.

A reduction of ≥50% of mean daily crying duration after 28 days of intervention. The 
mean number of daily crying episodes was also lower in the probiotic group than in 
the placebo. Studied on only exclusively breastfed infants.

Table 2: Effects of two mono- and one multispecies probiotic supplement to treat infant colic.

powder and capsules, different species, etc.), measuring 
systems, research approaches and finding variable results. 
This may make interpretations convoluted and difficult 
to follow as well as to know which probiotic to apply for 
which condition. Without additional knowledge about 
single strain development and their specific benefits in 
human health, probiotics in the general population are 
being treated as if they are all the same without taking their 
singularity nor interactions into consideration. 

For example, two probiotic bacteria that have been shown 
to benefit a specific health condition, might not interact 
beneficially with each other if mixed together in one 
supplement. One probiotic supplement does not equal 
another. If one species demonstrated a beneficial result, 
another species might not when administered for the same 
disorder. It is even possible that when multiple species 
are combined in one supplement, they could potentially 
counteract each other’s benefits. Research and discernment 
are required when preparing probiotic supplements. The 
spectrum design needs to be suitable for the pregnant 
woman, and the baby, respectively. Further, the probiotic 
must be approved by the FDA to be certain that the probiotic 
bacteria cannot translocate antibiotic resistance and has not 
been genetically altered.54

Research has found that dysbiosis (defined as imbalanced 
gut microbiota) is present in some full-term babies 
diagnosed with colic.43,55 Does this automatically mean that 
supplementation with probiotics is the cure? Over recent 
years, criticism of the undefined use of the ‘dysbiosis’ term 
has been repetitively articulated. For example, there are 
many confounding factors, such as the maturation of the 
gut microbiota, the type of delivery, the type of feeding 
as well as prior antiobiotic use.40 Table 3 (following page) 
shows the main constituents of a dysbiotic microbiome.

A detailed history of the mother and baby needs to be 
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taken. That history must include these diverse factors to 
get a better understanding of the origin of any excessive 
crying. A neonate of a mother with a healthy diet, no known 
genetic or predisposing health problems, like allergies 
or neurodermatitis, vaginal birth and breast fed might 

not profit significantly from probiotic supplementation. 
Additionally, a mechanical problem might be the cause of 
excessive crying and chiropractic care might be appropriate 
for a trial of treatment.  

Conclusion
The microbiome health of a new-born baby depends 
largely on the mother’s health, a natural vaginal birth and 
breastfeeding. When one or all of these are not present, 
supplementation with probiotics may be an appropriate 
answer. We hope to make the clinician aware of the research 
literature, how it is interpreted and when to take a complete 
history to determine which babies may benefit most from 
supplemental probiotics. In the case of supplementation, 
some gut bacteria are more beneficial for pregnant women 
and their offspring. In general, the most beneficial ones for 
the neonate and colic babies appear to be Bifidobacteria 
(especially when not breastfed) and Lactobacillus (especially 
when born by Cesarean). Further research on this subject is 
warranted.Table 3. Four main pathways to dysbiosis in the infant43,55

1. Abnormal microbial exposure. Mother eating unhealthy, 
mother being unhealthy, parents with genetic or predisposed 
health issues, C-Section, bottle fed

2. Disruption in diet, (a) infant is formula fed; (b)breastfeeding 
only a short time such as a few weeks, (c) less than one year of 
breast feeding.

3. Medication usage, like antibiotics.

4.  Host genetics, meaning a parent having allergies, atopic 
skin disease, asthma, diabetes, etc.

References

1. Dobson D, Lucassen PLBJ, Miller JE, Vlieger AM, Prescott P and Lewith G. Manipulative therapy for infantile colic. Cochrane Database Syst Rev 
2012; 12: CD004796. 

2. Sung V, Collett S, de Gooyer T, Hiscock H, Tang M, Wake M. Probiotics to prevent or treat excessive infant crying: systematic review and meta-
analysis. JAMA Pediatr 2013; 167: 1150-7. 

3. Dryl R., Szajewska H. Probiotics for management of infantile colic: a systemic review of randomized controlled trials. Arch Med Sci 2018;14(5): 
1137-1143.

4. Ong TG, Gordon M, Banks SS, Thomas MR, Akobeng AK. Probiotics to prevent infantile colic (Review). Cochrane Database of Systemic Reviews 
2019; Issue 3. Art. No.: CD012473.

5. Houghteling PD, Walker WA. Why is initial bacterial colonization of the intestine important to the infant’s and child’s health? J Pediatr Gastro-
enterol Nutr 2015; 60(3): 294-307.

6. Gregory, K. E., Samuel, B. S., Houghteling, P., Shan, G., Ausubel, F. M., Sadreyev, R. I., & Walker, W. A. (2016). Influence of maternal breast milk 
ingestion on acquisition of the intestinal microbiome in preterm infants. Microbiome, 4(1), 68. https://doi.org/10.1186/s40168-016-0214

7. Bäckhed F, Roswall J, Peng Y, Feng Q, Jia H, Kovatcheva-Datchary P, Li Y, Xia Y, Xie H, Zhong H, Khan MT, Zhang J, Li J, Xiao L, Al-Aama 
J, Zhang D, Lee YS, Kotowska D, Colding C, Tremaroli V, Yin Y, Bergman S, Xu X, Madsen L, Kristiansen K, Dahlgren J, Wang J. Dynamics and 
stabilization of the human gut microbiome during the first year of life. Cell Host Microbe 2015; 17: 690-703.

8. Asnicar F, Manara S, Zolfo M, Truong DT, Scholz M, Armanini F, Ferretti P, Gorfer V, Pedrotti A, Tett A, Segata N. Studying vertical microbiome 
transmission from mothers to infants by strain-level metagenomic profiling. MSystems 2017;2(1): e00164-16.

9. Gardiner GE, Heinemann C, Baroja ML, Bruce AW, Beuermann D, Madrenas J, Reid G. Oral administration of the probiotic combination Lacto-
bacillus rhamnosus GR-1 and L. fermentum RC 14 for human intestine. International Dairy Journal 2002; 12:191-196.

10. Moossavi S, Sepehri S, Robertson B ..., Malcolm R, Sears MR, Khafipour E, Azad MB. Composition and Variation of the Human Milk Micro-
biota Are Influenced by Maternal and Early-Life Factors. Cell Host & Microbe 2019;25, 324–335.

11. Ferretti P, Pasolli E, Tett A, Asnicar F, Gorfer V, Fedi S, Armanini F, Truong DT, Manara S, Zolfo M, Beghini F, Bertorelli R, De Sanctis V, Bariletti 
I, Canto R, Clementi R, Cologna M, Crifò T, Cusumano G, Gottardi S, Innamorati C, Masè C, Postai D, Savoi D, Duranti S, Lugli GA, Mancabelli 
L, Turroni F, Ferrario C, Milani C, Mangifesta M, Anzalone R, Viappiani A, Yassour M, Vlamakis H, Xavier R, Collado CM, Koren O, Tateo S, 
Soffiati M, Pedrotti A, Ventura M, Huttenhower C, Bork P, Segata N. Mother-to-Infant Microbial Transmission from Different Body Sites Shapes 
the Developing Infant Gut Microbiome. Cell Host Microbe. 2018 Jul 11;24(1):133-145. Accessed at https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6716579/

12. Wang Z, Neupane A, Vo R , White J , Wang X Shin-Yi Lee Marzano S-Y L. Comparing gut Microbiome in Mother’s own breast Milk-and 
Formula-Fed Moderate-Late Preterm Infants. Frontiers in Microbiology 2020; Volume 11 Article 891.

1699

https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-016-0214-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6716579/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6716579/


JOURNAL OF CLINICAL CHIROPRACTIC PEDIATRICS Volume 19, No. 2, December 2020

Do probiotics benefit new-borns and especially colic babies? A clinical opinion of the evidence

13. Korpela K, Salonen A, Vepsäläinen O, Suomalainen M, Kolmeder C, Varjosalo M, Miettinen S, Kukkonen K, Savilahti E, Kuitunen M, de Vos 
WM. Probiotic supplementation restores normal microbiota composition and function in antibiotic-treated and in Cesarean-born. Microbiome 
2018; 16: 6(1):182.

14. Collado MC. Rautava S, Aakko J., Isolauri E, Salminen S. Human gut colonization may be initiated in utero by distinct microbial communities 
in the placenta and amniotic fluid. Sci Rep 2016; 6:23129.

15. Stinson LF, Boyce MC, Payne MS, Keelan JA. The Not-so Sterile Womb: Evidence That the Human Fetus Is Exposed to Bacteria Prior to Birth. 
Frontiers in Microbiology 2019; Volume 10 Article 1124.

16. Schoenmakers S., Steegers-Theunissen R, Faas M. The matter of the reproductive microbiome. Obstetric Medicine 2019; 12(3): 107-115.

17. El Aidy S., Stilling R., Dinan T.G., Cryan J.F. (2016) Microbiome to Brain: Unravelling the Multidirectional Axes of Communication. In: 
Lyte M. (eds) Microbial Endocrinology: Interkingdom Signaling in Infectious Disease and Health. Advances in Experimental Medicine and Biology, 
vol 874. Springer, Cham.  Accessed at https://www.academia.edu/19630507/Microbiome_to_Brain_Unravelling_the_Multidirectional_Axes_of_
Communication?email_work_card=view-paper

18. Ringel-Kulka T, Cheng J, Ringel Y, Salojärvi J, Carroll IM, Palva A, de Vos WM, Satokari R. Intestinal microbiota in healthy U.S. young children 
and adults – A high throughput microarray analysis. PLoS ONE. 2013 23;8(5): e64315. 

19. Cryan JF, O’Riordan KJ, Cowan CSM, Sanhu KV, Basiaanssen TFS, Boehme M, Codagnone MG, Cussotto S, Fulling C, Golubeva AV, Guzzeta 
KE, Jaggar M, Long-Smith CM, Lyte JM, Martin JA, Molinero-Perez A, Moloney G, Morelli E, Morillas E, O’Connor R, Cruz-Pereira JS, Peterson 
VL, Rea K, Ritz NL, Sherwin E, Spichak S, Teichman EM, van de Wouw M, Ventura-Silva AP, Wallace-Fitzsimons SE, Hylad N, Clarke G, Di-
nan TG. The Microbiota-Gut-Brain Axis.  Physiological Reviews 2019 99:4;1877-2013. Accessed at https://journals.physiology.org/doi/full/10.1152/
physrev.00018.2018 

20. Cerdó T, Diéguez E, Campy C. Early nutrition and gut microbiome: interrelationship between bacterial metabolism, immune system, brain 
structure, and neurodevelopment, American Journal of Physiology-Endocrinology and Metabolism 2019 317:4; E617-E630.

21. Neuman H, Debelius JW, Knight R, Koren O, Microbial endocrinology: the interplay between the microbiota and the endocrine system, FEMS 
Microbiology Reviews, Volume 39, Issue 4, July 2015, Pages 509–521.

22. Allen-Blevins CR, Sela DA, Hinde K. Milk bioactives may manipulate microbes to mediate parent-offspring conflict. Evol Med Public Health. 
2015; 2015(1):106-121. Acessed at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4512713/

23. Clarke G, Stilling R M, Kennedy P J, Stanton C, Cryan J F, Dinan T G. Minireview: Gut Microbiota: The Neglected Endocrine Organ, Molecular 
Endocrinology, 1 August 2014; Volume 28, Issue 8,:1221-1238. Accessed at https://academic.oup.com/mend/article/28/8/1221/2623221

24. Williams CL, Garcia-Reyero N, Martyniuk CJ, Tubbs CW, Bisesi JH. Regulation of endocrine systems by the microbiome: Perspectives from 
comparative animal models. General and Comparative Endocrinology. 1 June 2020, Volume 292: 113437.

25. Luoto R, Kalliomäki M, Laitinen K, Isolauri E. The impact of perinatal probiotic intervention on the development of overweight and obesity: 
follow-up study from birth to 10 years. Int J Obes (Lond). 2010 Oct;34(10):1531-7. 

26. Gao K, Mu C, Farzi A, Zhu W. Tryptophan Metabolism: A Link Between the Gut Microbiota and Brain. Advances in Nutrition, May 
2020;11(3):709–723.

27. Garcia-Gonzalez N, Prete R, Perugini M, Merola C, Battista N, Corsetti A. Probiotic antigenotoxic activity as a DNA bioprotective tool: a 
minireview with focus on endocrine disruptors. FEMS Microbiol Lett. 2020 Feb 1;367(3):fnaa041. doi: 10.1093/femsle/fnaa041. PMID: 32124914; 
PMCID: PMC7082702. Accessed at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7082702/

28. Data & Statistics on Autism Spectrum Disorder: Center for Disease Control (CDC): https://www.cdc.gov/ncbddd/autism/data.html

29. Doenyas, C. Gut Microbiota, Inflammation, and Probiotics on Neural Development in Autism Spectrum Disorder. Neuroscience, 374, 271–286. 
Accessed at https://www.academia.edu/35870201/Gut_Microbiota_Inflammation_and_Probiotics_on_Neural_Development_in_Autism_Spec-
trum_Disorder?email_work_card=reading-histor

30. Kang DW, Adams JB, Vargason T, Santiago M, Hahn J, Krajmalnik-Brown R. Distinct Fecal and Plasma Metabolites in Children with Autism 
Spectrum Disorders and Their Modulation after Microbiota Transfer Therapy Sphere Oct 2020, 5 (5) e00314-20. Accessed at https://msphere.asm.
org/content/5/5/e00314-20

31. VandeVusse L, Hanson L, Safdar N. Perinatal outcomes of prenatal probiotic and prebiotic administration: an integrative review. J Perinat 
Neonatal Nurs. 2013 Oct-Dec;27(4):288-301; quiz E1-2.

32. Baldassarre ME, Di Mauro A, Mastromarino P, Fanelli M, Martinelli D, Urbano F, Capobianco D, Laforgia N. Administration of a Multi-Strain 
Probiotic Product to Women in the Perinatal Period Differentially Affects the Breast Milk Cytokine Profile and May Have Beneficial Effects on 
Neonatal Gastrointestinal Functional Symptoms. A Randomized Clinical Trial. Nutrients. 2016 Oct 27;8(11):677. Accessed at https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC5133065/

33. Schoenmakers S, Steegers-Theunissen R, Faas M. The matter of the reproductive microbiome. Obstetric Medicine 2019; 12(3): 107-115.

34. McElrath TF, Hecth JL, Damman O, Boggess K, Onderdonk A, Markenson G, Harper M, Delpapa E, Allred EN, Leviton A. Pregnancy disor-
ders that lead to delivery before the 28th week of gestation: an epidemiologic approach to classification. Am J Epidemiol 2008; 168:980-989.

1700

https://www.academia.edu/19630507/Microbiome_to_Brain_Unravelling_the_Multidirectional_Axes_of_Communication?email_work_card=view-paper
https://www.academia.edu/19630507/Microbiome_to_Brain_Unravelling_the_Multidirectional_Axes_of_Communication?email_work_card=view-paper
https://journals.physiology.org/doi/full/10.1152/physrev.00018.2018
https://journals.physiology.org/doi/full/10.1152/physrev.00018.2018
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4512713/
https://academic.oup.com/mend/article/28/8/1221/2623221
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7082702/
https://www.cdc.gov/ncbddd/autism/data.html
https://www.academia.edu/35870201/Gut_Microbiota_Inflammation_and_Probiotics_on_Neural_Development_in_Autism_Spectrum_Disorder?email_work_card=reading-histor
https://www.academia.edu/35870201/Gut_Microbiota_Inflammation_and_Probiotics_on_Neural_Development_in_Autism_Spectrum_Disorder?email_work_card=reading-histor
https://msphere.asm.org/content/5/5/e00314-20
https://msphere.asm.org/content/5/5/e00314-20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5133065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5133065/


Volume 19, No. 2, December 2020 JOURNAL OF CLINICAL CHIROPRACTIC PEDIATRICS

Susanne Williams-Frey, DC, MSc, Sharon Vallone, DC, FICCP and Joyce Miller, DC, PhD

35. Hyman RW, Herndon CN, Jiang H, Palm C, Fukushima M, Bernstein D, Vo KC, Zelenko Z, Davis RW, Giudice LC. The dynamics of the vaginal 
microbiome during infertility therapy with in vitro fertilization-embryo transfer. J Assist Reprod Genet 2012; 29:105-115.

36. Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J, Versalovic J. The placenta harbors a unique microbiome. Sci Tranl Med 2014; 6: 237ra65.

37. Weng SL, Chiu CM, Lin FM, Huang W-C, Liang C, Yang T, Yang T-L , Liu C-Y, Wu W-Y, Chang Y-A, Chang T-H, Huang H-D. Bacterial com-
munities in semen from men of infertile couples: metagenomic sequencing reveals relationships of seminal microbiota to semen quality. PlOS One 
2014; 9:e110152.

38. Mandar R, Punab M, Borovkova N, Lapp E, Kiiker R, Korrovits P, Metspalu A, Krjutskov K, Nolvak H, Preem J-K, Oopkaup K, Salumets A, 
Truu J. Complementary seminovaginal microbiome in couples. Res Microbiol 2015; 166: 440-447.

39. Smith EA, Macfarlane GT. Enumeration of amino acid fermenting bacteria in the human large intestine: effects of pH and starch on peptide 
metabolism and dissimilation of amino acids. FEMS Microbiol Ecol 1998; 25: 355–368.

40. Silverman MA, Konnikova L, Gerber JS. Impact of Antibiotics on Necrotizing Enterocolitis and Antibiotic-Associated Diarrhea. Gastroenterol 
Clin North 2017;46(1):61-76. 

41. Huizi T, Zhai Q, Chen W. Investigation of Bacteroides spp. towards next/generation probiotics. Food Res Int 2019; 116:637-644.

42. Sun F, Zhang FQ, Zhao J, Yhang H, Zhai Q, Chen W. A potential species of next generation probiotics? The dark and light sides of Bacteroides 
fragilis in health. Food Res Int 2019; 126:108590

43. Fernandez L, Langa S, Martin V, Maldonado A, Jimenez E, Martin R, Rodriguez JM. The human milk microbiota: origin and potential roles in 
health and disease. Pharmacol Res 2013; 69(1):1-10.

44. Azad MB, Konya T, Maughan H, Guttman DS, Field CJ, Sears MR, Becker AB, Scott JA, Kozyrskyj AL. Infant gut microbiota and the hygiene 
hypothesis of allergic disease: impact of household pets and siblings on microbiota composition and diversity. Allergy Asthma Clin Immunol. 2013 
Apr 22;9(1):15. doi: 10.1186/1710-1492-9-15. PMID: 23607879; PMCID: PMC3655107. Accessed at https://pubmed.ncbi.nlm.nih.gov/23607879/

45. Depner, M., Hazard Taft, D., Kirjavainen, P. V., Kalanetra, K. M., Karvonen, A. M., Peschel, S., Schmausser-Hechfellner, E., Roduit, C., Frei, R., 
Lauener, R., Divaret-Chauveau, A., Dalphin, J-C., Riedler, J., Roponen, M., Kabesch, M., Renz, H., Pekkanen, J., Farquharson, F., Louis, P., ... Ege, 
M. J. (2020). Maturation of the gut microbiome during the first year of life contributes to the protective farm effect on childhood asthma. Nature 
Medicine. https://doi.org/10.1038/s41591-020-1095-x

46. Bode L. Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology 2012; 22,1147–1162.

47. Walker WA, Iyengar RS. Breast milk, microbiota, and intestinal immune homeostasis. Pediatr Res 2015; 77(1-2): 220–228.

48. Haiden N, et al., Comparison of bacterial counts in expressed breast milk following standard or strict infection control regimens in neonatal 
intensive care units: compliance of mothers does matter, Journal of Hospital Infection (2016), https://www.sciencedirect.com/journal/journal-of-
hospital-infection/vol/92/issue/3

49. Sudo N, Sawamura S, Tanaka K, Aiba Y, Kubo C, Koga Y. The requirement of intestinal bacterial flora for the development of an IgE produc-
tion system fully susceptible to oral tolerance induction. J Immunol 1997;159(4):1739–1745. 

50. Moossavi S, Azad MB. Origins of human milk microbiota: new evidence and arising questions. Taylor & Francis 2020; Vol. 12, NO. 1, e1667722 
(10 pages).

51. Guaraldi F, Salvatori G. Effect on breast and formula feeding on gut microbiota shaping in new-borns. Frontiers in Cellular and Infection Micro-
biology. https://www.frontiersin.org/articles/10.3389/fcimb.2012.00094/full  Published October 16, 2012.

52. Jost T, Lacroix C, Braegger C, Chassard C. Assessment of bacterial diversity in breast milk using culture dependent and culture-independent 
approaches. Brit J Nutr 2013; 110:1253–1262.

53. Zwart P, Vellema-Goud MGA & Brand PLP. Characteristics of infants admitted to hospital for persistent colic and comparison with healthy 
infants. Acta Paediatrica 2007; 96:401-405.

54. Mattia A and Merker R. Regulation of probiotic substances as ingredients in foods: Premarket approval or “Generally Recognized as Safe” 
notification. Clinical Infectious Diseases 2008; 45 (2):S115-S118. https://doi.org/10.1086/523329

55. Stewart CJ, Embleton ND, Marrs EC, Smith DP, Fofanova T, Nelson A, Skeath T, Perrz JD, Petrosino JF, Berrington JE, Cummings SP. Longitu-
dinal development of the gut microbiome and metabiome in preterm neonates with late onset sepsis and healthy controls. Microbiome 2017; 5:75.

56. Adlerberth I, Wold AE. Establishment of the gut microbiota in Western infants. Acta Paediatr 2009; 98:229–238.

57. Ramsey CD, Celedon JC. The hygiene hypothesis and Asthma. Current Opinion in Pulmonary Medicine 2005; 11(1): 14-20.

58. Nocerino R, De Filippis F, Cecere G, Marino A, Micillo M, Di Scala C, de Caro C, Calignano A, Bruno C, Paparo L, Iannicelli AM, Cosenza L, 
Maddalena Y, della Gatta G, Coppola S, Carucci L, Ercolini D, Canani RB.The therapeutic efficacy of Bifidobacterium animalis subsp. lactis BB-12® 
in infant colic: A randomised, double blind, placebo-controlled trial. Aliment Pharmacol Ther 2020 Jan;51(1):110-120.

1701

https://pubmed.ncbi.nlm.nih.gov/23607879/
https://doi.org/10.1038/s41591-020-1095-x
https://www.sciencedirect.com/journal/journal-of-hospital-infection/vol/92/issue/3
https://www.sciencedirect.com/journal/journal-of-hospital-infection/vol/92/issue/3
https://www.frontiersin.org/articles/10.3389/fcimb.2012.00094/full
https://academic.oup.com/cid/article/46/Supplement_2/S115/277173

