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Atopic dermatitis (AD) is a highly prevalent condition. Recent evidence suggests a link between the altered
gut microbiome and the development of AD. Probiotics and/or prebiotics have been used in the treatment and
prevention of AD with the intention of correcting the aberrant gut microbiome. As of now, data from meta-
analyses show some promise in the use of probiotics for the prevention of AD with the effect being seen only
when administered both prenatally and postnatally. Prebiotics and synbiotics have less compelling evidence
to support their effectiveness in AD prevention or treatment, mainly due to the discrepancies of results.
Explanations for the variations in the results may come from environmental factors, probiotic/prebiotic
factors, and host factors that affect efficacy of the probiotic/prebiotic. More studies are needed to understand
the mechanisms of action of probiotics/prebiotics and also to identify their true benefits in the prevention and
treatment of AD.
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Introduction

Allergic diseases are on the increase in all parts of the
world with an estimated 30%–40% of the world’s

population being affected by at least one.1 Atopic dermatitis
(AD), food allergy, allergic rhinitis, and asthma are a quartet
of allergic conditions that are seen sequentially and which
may start from AD during early childhood and then pro-
gressively develop during the lifetime.2

AD affects 10%–20% of children in developed countries,
with 60% of the cases starting during the first year of life.3,4

AD has been described as a disease that is mainly caused by
the skewing of the immune response toward a type 2 T
helper cell (Th2) response and an exaggerated IgE response
to allergens. It is now being recognized as a disease mainly
caused by abnormal epidermal barrier structure and function
and inflammation of the skin caused by aberrant immuno-
logical responses to cutaneous antigens.3 In addition to de-
fective skin, recent evidence revealed a close relationship
between the aberrant gut microbiome and AD.

Gut Microbiota and AD

The gut harbors *1014 bacteria of 400–500 different
species in an adult human.5 The hygiene hypothesis ex-
plains the rise in allergic diseases, including AD, as a
consequence of reduced exposure to microbes and infec-

tions during childhood.6–9 In 1998, Wold suggested that an
altered intestinal colonization pattern in infancy, rather
than a decrease in bacterial or viral infections, fails to in-
duce immunological tolerance, thus causing an increase in
allergic diseases.10

Many studies describe a close relationship between gut
microbiota and AD: Watanabe et al. showed that the counts of
bifidobacterium were significantly lower in patients with AD
than in healthy individuals in accordance with another study
by Kalliomäki et al.11,12 A Swedish Estonian study compar-
ing allergic (positive skin prick test for food antigens) and
nonallergic children found lower counts of lactobacilli and
bifidobacteria and higher counts of Staphylococcus aureus
and enterobacteria in the allergic group.13 They also showed
that differences in the gut microbial composition preceded the
development of allergic diseases,14 suggesting the disturbed
gut microbiota as a cause of AD. Accordingly, microbial
exposure during pregnancy may be an important factor for
allergy prevention.15,16

Altering the intestinal microbiota in neonatal mice by use
of kanamycin has shown to cause an increase in serum IgG1
and IgE and a decrease in serum IgG2a levels.17 Introducing
intestinal bacteria into these antibiotic-treated mice prevented
the upregulation of basal Th2 responses in the spleen. This
shows that early-life exposure to antibiotics causes an adverse
shift in the intestinal microbiota resulting in an imbalance in
the T cell response, skewing it toward a Th2 one.
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This evidence shows that changes in the gut microbial
composition caused by prenatal, perinatal, and postnatal
influences play a role in the development of AD. Modulat-
ing the gut microbiome by the use of probiotics and prebi-
otics has been attempted to rectify this difference.18–20

Probiotics in AD

Probiotics, as defined by the World Health Organization
(WHO), are live microorganisms that, when administered in
adequate amounts, may confer a health benefit on the host.21

Probiotics have become one of the common approaches to
modulating the gut microbiome and there have been numer-
ous studies on the use of probiotics in AD. Lactobacillus and
bifidobacterium are the 2 strains that have been widely used to
this effect, the basis for which comes from early studies
showing reduced colonization of the gut by these 2 species in
those with allergic diseases, compared to those without.13,14

With evidence suggesting that an aberrant gut microbiome
contributes to the development of AD, it is rational to use
probiotics to recolonize or modulate the system.

Probiotics in the prevention of AD

As of yet and interestingly, of all allergic diseases stud-
ied, probiotics have mostly been beneficial in the prevention
of AD. Most studies have concentrated on the effect of the
lactic acid producer, lactobacillus, alone or in combination
with bifidobacterium.

A recent meta-analysis concluded that probiotic admin-
istration is indeed protective against the development of AD
(Fig. 1).22 Through subgroup analysis they identified that
probiotics are only effective when given pre- and postnatally

to both general and at-risk groups. This meta-analysis also
concluded that lactobacilli alone or in combination with
bifidobacteria are protective.22 Two previous meta-analyses
reached similar conclusions: Doege et al. found that pro-
biotics significantly reduce the risk of developing AD, with
3 of the 7 studies that they included supporting this claim,23

while Pelucchi et al. found an average decrease of 20% in
the incidence of AD following probiotic treatment.24

Contrary to the meta-analysis by Panduru et al., the for-
mer study23 found that monotherapy was more beneficial
than combination therapy although the bacterial load per
strain was comparable in strain mixtures and monotherapy.
They reasoned that this might be due to the competitive
growth of the strains. The conclusions and recommendations
from this meta-analysis were to administer lactobacillus as a
probiotic during pregnancy and lactation. The latter study by
Pelucchi et al. found that monotherapy may be slightly more
beneficial than combination therapy.24

As seen by the general conclusions drawn by several
groups, the consensus seems to be that the administration of
probiotics is beneficial in decreasing the prevalence of AD.
The World Allergy Organization—McMaster University
Guidelines for Allergic Disease Prevention (GLAD-P): Pro-
biotics, recommends the administration of probiotics to
pregnant women with children at high risk for allergy,
breastfeeding women with infants at high risk for allergy, and
the infants themselves who are at high risk, with a high focus
on the prevention of AD as the benefits of probiotics have
shown the greatest benefit in this disease.25 Nevertheless, the
dose, duration of treatment, use of monotherapy or combi-
nation therapy, these are some of the factors that still need to
be addressed before probiotics become standard preventive
therapy for AD.

FIG. 1. Subgroup meta-analysis of studies on probiotics in the prevention of AD (modified from Panduru et al.22).
Prenatal and postnatal administration of probiotics has shown a beneficial effect on the prevention of AD, while prenatal- or
postnatal-only administration is ineffective. AD, atopic dermatitis.
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Probiotics in the treatment of AD

In contrast to prevention, fewer studies have looked at
probiotics as treatment for established AD in children. The
results from these studies are mixed, with only some studies
showing a reduction of SCORAD (SCORing Atopic Der-
matitis) value.

As of now, there are 3 meta-analyses that look at this
topic.26–28 While 2 of these meta-analyses are skeptical
about the efficacy of probiotics,26,27 the more recent meta-
analysis by Kim et al. concluded that the probiotics show a
significant decrease in SCORAD in children from 1 to 18
years and in adults.28 An improved SCORAD score was also
seen in the latest study, with decreased IgE and TNF-a, and
increased IFN-g and TGF-b in the probiotics group, al-
though not significantly.29 It is apparent that the evidence
for the role of probiotics in the treatment of AD is scant and
that at present the conclusions cannot be made with the
current evidence.

Mechanisms of action

The beneficial effects of probiotics generally come from
several possible immunological mechanisms, including
modulation of Th cell activation and cytokine production,
induction of the regulatory T cell (Treg) response, and im-
proved recovery of barrier function.30 Probiotic bacterial
strains have been shown to inhibit the Th2 cell response and
stimulate the production of type 1 T helper cell (Th1) cy-
tokines.31 In addition, probiotic administration increases the
Treg populations in experimental models of allergic dis-
eases, including AD,32–34 most probably by inducing regu-
latory dendritic cells to exhibit immunological tolerance.34

In a murine AD model, the migration of the Treg cells to the
sites of inflammation also suppressed the disease.34 To sub-
stantiate this, decreased Treg levels were found in patients with
active AD compared to asymptomatic controls with similar
IFN-g, total IgE, and eosinophil levels in the serum.35,36

The dysfunction of the skin barrier has been recognized
as a leading causative factor in the development of AD.
Using a Lactobacillus paracasei strain in an ex vivo exper-
iment, Gueniche et al. showed that the lactobacillus was
able to enhance the recovery of disrupted barrier function.37

It has also been shown that Bifidobacterium longum lysates
can improve skin reactivity, further supporting the ability of
bacterial strains to relieve skin inflammation.38 Never-
theless, as documented by Segers and Lebeer, Lactobacillus
rhamnosus GG alone has been shown to have multiple
mechanisms to interact with the host, with the same ap-
plying to the host response,39 and more in-depth studies may
need to be conducted to understand these mechanisms.

Prebiotics and AD

Prebiotics are nondigestible food ingredients that bene-
ficially affect the host by stimulating the growth and/or
the activity of a limited number of bacterial species in the
colon.40 Three criteria have been defined to consider a food
ingredient a prebiotic: it should be hydrolyzed or absorbed
in the upper part of the gastrointestinal tract, it has to be a
selective substrate for beneficial commensal bacteria in the
colon, and it should alter the intestinal microflora toward a
healthier composition.41

The most widely used prebiotics are nondigestible car-
bohydrates such as fructooligosaccharides (FOS), oligo-
fructose, and the long-chain inulin. Other prebiotics used less
often include galactooligosaccharides (GOS), isomaltooligo-
saccharides, and soybean oligosaccharides. It has been ob-
served that the type of prebiotic may have a differential effect
on ‘‘bifidogenesis.’’ This is because short-chain prebiotics
are mainly fermented in the cecum, while longer forms
are fermented in the entire colon.42 Breastfed infants have a
bifidobacteria-dominant gut flora that may be due to the
naturally occurring prebiotic oligosaccharides, which are the
third-most prevalent component in breast milk and are almost
absent in cow’s milk.43 A similar composition has been seen
in infants receiving formula with various prebiotic mixtures,
including FOS:GOS of 9:1 and GOS alone.18,44–46

A recent meta-analysis of 4 studies found a significant
reduction in AD with no statistically significant heterogeneity
being observed between studies, but the upper confidence
interval, including a benefit of unclear clinical importance.47

Nevertheless, they did find some evidence for a possible dose
effect with a larger risk decrease in high-risk infants com-
pared to low-risk infants, although the difference was not
statistically significant. Of 3 studies on low-atopy-risk in-
fants included in this meta-analysis, 1 study from 5 European
countries used a formula supplemented with pectin-derived
acidic oligosaccharides, short-chain GOS, and long-chain
FOS. This study showed that supplementation of infant for-
mula/follow-on formula with this prebiotic mixture reduced
the incidence of AD in low-risk infants upto 1 year of age.
The levels were similar to those among breastfed infants. This
effect was not seen on the severity of AD.48

The only study that looked at the high-risk group of in-
fants in this meta-analysis used a formula with an FOS/GOS
and reported a borderline statistically significant decrease in
AD. The supplemented group also showed a significant in-
crease in the fecal bifidobacteria counts, while the lactoba-
cilli were unaffected.49 Using a GOS-supplemented infant
formula on high-risk infants with AD, Bo�zenský et al. re-
ported no improvement of the manifestations of AD based
on the SCORAD values.50

Nevertheless, a recent study showed that while some bi-
fidobacteria grew on long-chain inulin, most bifidobacteria
preferred FOS.51 Of these, kestose, the smallest member of
the FOS group, has shown the greatest bifidogenic effect.52

A small study to evaluate the effect of kestose on infants
with AD found that the significant improvement in AD
symptoms did not correlate with the fecal counts of bifido-
bacteria, suggesting that a different species may be re-
sponsible for the clinical improvement.53 Faecalibacterium
prausnitzii, a bacterium found in abundance in the adult gut,
has been reported to be depleted in AD as well as in in-
flammatory bowel disease.54,55 This bacterium has also been
shown to have an anti-inflammatory effect by being a major
producer of butyrate, a short-chain fatty acid.56 As this bac-
terium is extremely oxygen sensitive making it impossible
to be grown commercially, Koga et al. administered kestose
to children with AD with the intention of expanding the
F. prausnitzii population and observed an improvement in
AD symptoms in older children (2–5 years), which correlated
with an increase in their fecal F. prausnitzii numbers.57

It can be said that prebiotics and their potential are still being
discovered. The recent GLAD-P: Prebiotics position article
suggests the use of prebiotic supplementation in infants who are
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not exclusively breastfed and not using prebiotic supplemen-
tation in exclusively breastfed infants, although both recom-
mendations are conditional and based on very low certainty of
evidence. No recommendations have been made about prebi-
otic supplementation in pregnancy or during breastfeeding, as
there are no observational or experimental studies to support
this.58 With more studies focused on identifying the mecha-
nisms of action of prebiotics, it may be possible to use them to
complement the function of probiotics.

Synbiotics and AD

Mixtures of probiotic bacteria and prebiotics, known as
synbiotics, have also been used for the prevention and treat-
ment of allergic diseases, including AD. As probiotic bacteria
feed on prebiotics, they may provide a favorable environment
for the growth of some probiotic bacteria, giving them a se-
lective advantage over other species. With ideal pairing of
probiotic and prebiotic, it can be anticipated that the gut will
be colonized with the most beneficial microbial species.

Although not many studies are available on synbiotics and
AD, a meta-analysis found synbiotics to be beneficial in the
treatment, but not in the prevention of AD.59 This beneficial
effect was particularly seen when using multiple probiotic
strains and in children who were 1 year or older. They also
found an improvement of the SCORAD score for children 1
year or older with the effect being lost on infants.59 A study
evaluating the benefits of synbiotics over prebiotics alone,
found that Lactobacillus salivarius and FOS together helped
improve moderate to severe childhood AD.60 However, as
only a few studies are available, conclusions cannot be made
as to the real efficacy of synbiotics in the prevention nor in the
treatment of AD. Therefore, there is a need for more studies on
their efficacy and their mechanisms of action before recom-
mendations can be made for their administration.

Factors Affecting the Efficacy of Probiotics
and Prebiotics

As of now, the existing data seem to be insufficient to
draw firm conclusions about the effect of probiotics and

prebiotics on AD because of the heterogeneity in the re-
ported results. These discrepancies in results may arise from
the differences in environmental factors, probiotic/prebiotic
factors, and host factors (Fig. 2).

Environmental factors include maternal flora, mode of de-
livery, use of antibiotics, environmental microbial burden, and
food habits. Studies have linked the gut microbial dysbiosis
resulting from cesarean deliveries to the development of AD,61

although recent meta-analyses suggest that the mode of de-
livery may not affect the development of AD directly.52 Epi-
demiological studies have shown a decrease in the incidence of
allergic diseases among children of farmers especially when
the exposure is while in utero,16,62,63 with higher loads of
bacterial endotoxin, a lipopolysaccharide, in the farming en-
vironment being shown to be a protective factor.64,65

The probiotic/prebiotic factors include the dose of the
probiotic/prebiotic, the number of strains used, timing of the
supplementation (eg, prenatal and/or postnatal), the use of
synbiotics, and potentially even the growth stage of the
bacteria in a preparation. For example, Winkler et al. de-
scribed how lactic acid bacteria alone have shown various
strain-specific immunomodulatory effects31 and this high-
lights the importance of considering these factors when in-
terpreting results.

Host factors include the basal intestinal gut microbial
composition, genetic and epigenetic traits, and the inherent
immune competency of the host.66–71 The effect of pro-
biotics has been shown to be modified by the genetic sus-
ceptibility to AD: pre- and postnatal L. rhamnosus HN001
or Bifidobacterium animalis subsp. lactis strain HN019
supplementation of children with toll-like receptor (TLR)2
and TLR9 SNPs resulted in a decrease in the occurrence
of AD.72,73 This is supported by the observation that
L. rhamnosus GG promotes anti-inflammatory effects of the
TLR/IL-1R signaling pathway in human fetal intestinal
epithelial cells as early as in 14–21 weeks of gestation.74

Several studies using L. rhamnosus GG to alleviate AD
in children, reported a consistent effect of this probiotic
strain on the IgE-sensitized group of children with AD.75–79

It has also been shown that a reduced Treg cell response to

FIG. 2. Factors affecting the effi-
cacy of probiotics and prebiotics.

PROBIOTICS AND PREBIOTICS IN ATOPIC DERMATITIS 177

http://online.liebertpub.com/action/showImage?doi=10.1089/ped.2016.0708&iName=master.img-001.jpg&w=324&h=236


microbial stimuli at birth is associated with the development
of AD in high-risk infants.70 These findings strongly indi-
cate that the host’s background and subject stratification are
important when interpreting results.

As can be seen, many factors influence the efficacy of
probiotics and prebiotics. The interplay of the probiotic/
prebiotic factors, host factors, and environmental factors
will determine the fate of the supplement as well as the
outcome of the disease.

Conclusions

In this review, we have briefly discussed the current
knowledge on the role of probiotics and prebiotics in AD.
As can be seen, there is a need for more knowledge on the
specific effects of probiotics/prebiotics and the factors de-
termining their efficacy.

In our opinion, synbiotics may have greater potential than
that already explored. As some studies have demonstrated,
probiotics may be transient colonizers, which makes it even
more important to identify the ideal compositions and
conditions for their administration.71,80 To this effect, the
strain-specific effect of the probiotic bacteria could be en-
hanced by facilitating colonization using ‘‘strain-specific’’
prebiotics,57 thus making their combination an ideal sym-
biotic. However, more studies are necessary to understand
the molecular mechanisms of action of these substances.

From a clinical perspective, identifying the ideal candi-
dates for probiotic/prebiotic therapy is of utmost importance.
Therefore, it is necessary to gain insight into the disease
mechanisms and host factors that influence the efficacy of
prebiotics/probiotics, including the individual responses to
pro-/prebiotic interventions. As Isolauri and Salminen sug-
gest, there is also a need to characterize probiotics to strain
level and to select strains with documented properties to
ensure maximal benefit to patients.81 By doing so, it may be
possible to match the clinical needs with the suitable pro-
biotic and/or prebiotic treatment option. This may be a step
further in the direction of personalized medicine.
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12. Kalliomäki M, Kirjavainen P, Eerola E, Kero P, Salminen
S, Isolauri E. Distinct patterns of neonatal gut microflora in
infants in whom atopy was and was not developing. J Al-
lergy Clin Immunol 2001; 107:129–134.

13. Björkstén B, Naaber P, Sepp E, Mikelsaar M. The intestinal
microflora in allergic Estonian and Swedish 2-year-old
children. Clin Exp Allergy 1999; 29:342–346.

14. Björkstén B, Sepp E, Julge K, Voor T, Mikelsaar M. Allergy
development and the intestinal microflora during the first
year of life. J Allergy Clin Immunol 2001; 108:516–520.

15. Ege MJ, Bieli C, Frei R, van Strien RT, Riedler J, Ublagger
E, et al. Prenatal farm exposure is related to the expression
of receptors of the innate immunity and to atopic sensiti-
zation in school-age children. J Allergy Clin Immunol 2006;
117:817–823.

16. Jenmalm MC, Duchén K. Timing of allergy-preventive and
immunomodulatory dietary interventions—are prenatal,
perinatal or postnatal strategies optimal? Clin Exp Allergy
2013; 43:273–278.

17. Oyama N, Sudo N, Sogawa H, Kubo C. Antibiotic use
during infancy promotes a shift in the T(H)1/T(H)2 balance
toward T(H)2-dominant immunity in mice. J Allergy Clin
Immunol 2001; 107:153–159.

18. Boehm G, Lidestri M, Casetta P, Jelinek J, Negretti F, Stahl
B, et al. Supplementation of a bovine milk formula with an
oligosaccharide mixture increases counts of faecal bifido-
bacteria in preterm infants. Arch Dis Child Fetal Neonatal
Ed 2002; 86:F178–F181.

19. Rinne M, Kalliomaki M, Arvilommi H, Salminen S,
Isolauri E. Effect of probiotics and breastfeeding on
the bifidobacterium and lactobacillus/enterococcus mi-
crobiota and humoral immune responses. J Pediatr 2005;
147:186–191.

20. Gueimonde M, Sakata S, Kalliomäki M, Isolauri E, Benno
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68. Grześkowiak q, Grönlund MM, Beckmann C, Salminen S,
von Berg A, Isolauri E. The impact of perinatal probiotic
intervention on gut microbiota: double-blind placebo-
controlled trials in Finland and Germany. Anaerobe 2012;
18:7–13.

69. van Baarlen P, Troost FJ, van Hemert S, van der Meer C,
de Vos WM, de Groot PJ, et al. Differential NF-kappaB
pathways induction by Lactobacillus plantarum in the
duodenum of healthy humans correlating with immune
tolerance. Proc Natl Acad Sci U S A 2009; 106:2371–
2376.

70. Ismail IH, Boyle RJ, Mah LJ, Licciardi PV, Tang ML.
Reduced neonatal regulatory T cell response to microbial
stimuli associates with subsequent eczema in high-risk in-
fants. Pediatr Allergy Immunol 2014; 25:674–684.

71. Abrahamsson TR, Sinkiewicz G, Jakobsson T, Fredrikson
M, Björkstén B. Probiotic lactobacilli in breast milk and
infant stool in relation to oral intake during the first year of
life. J Pediatr Gastroenterol Nutr 2009; 49:349–354.

72. Marlow G, Han DY, Wickens K, Stanley T, Crane J,
Mitchell EA, et al. Differential effects of two probiotics on
the risks of eczema and atopy associated with single nu-
cleotide polymorphisms to Toll-like receptors. Pediatr Al-
lergy Immunol 2015; 26:262–271.

73. Morgan AR, Han DY, Wickens K, Barthow C, Mitchell
EA, Stanley TV, et al. Differential modification of genetic
susceptibility to childhood eczema by two probiotics. Clin
Exp Allergy 2014; 44:1255–1265.

74. Ganguli K, Collado MC, Rautava J, Lu L, Satokari R, von
Ossowski I, et al. Lactobacillus rhamnosus GG and its
SpaC pilus adhesin modulate inflammatory responsiveness
and TLR-related gene expression in the fetal human gut.
Pediatr Res 2015; 77:528–535.

75. Brouwer ML, Wolt-Plompen SA, Dubois AE, van der
Heide S, Jansen DF, Hoijer MA, et al. No effects of pro-
biotics on atopic dermatitis in infancy: a randomized placebo-
controlled trial. Clin Exp Allergy 2006; 36:899–906.
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