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Probiotics and prebiotics in dermatology

Katherine L. Baquerizo Nole, MD,” Elizabeth Yim, MPH," and Jonette E. Keri, MD, PhD""
Miami, Florida

The rapid increase in the medical use of probiotics and prebiotics in recent years has confirmed their
excellent safety profile. As immune modulators, they have been used in inflammatory skin conditions, such
as atopic dermatitis. We review the literature regarding the use of probiotics and prebiotics in dermatology.
Probiotics and prebiotics appear to be effective in reducing the incidence of atopic dermatitis in infants, but
their role in atopic dermatitis treatment is controversial. Their role in acne, wound healing, and
photoprotection is promising, but larger trials are needed before a final recommendation can be made.
(J Am Acad Dermatol http://dx.doi.org/10.1016/j.jaad.2014.04.050.)
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robiotics are live microorganisms that, when
administered in adequate amounts, may
confer a health benefit on the host." They
have been widely reported to alleviate lactose
intolerance, suppress diarrhea, reduce irritable
bowel symptoms, and prevent inflammatory bowel
disease. The probiotics most commonly used are
lactobacilli, bifidobacterium, and enteroccoci, also

part of the intestinal microflora.
Prebiotics are defined as nondigestible carbohy-

drates that stimulate the growth of probiotic bacteria
in the intestine. The most common prebiotics are
indigestible oligosaccharides.”

The safety of lactobacilli, bifidobacteria, and
enterococcus is well documented even in infants,
and they are generally recognized as innocuous
substances.”’ There is some concern regarding
adverse events, mostly in patients with underlying
medical conditions,™” but several randomized
studies have shown their safety in infants.'"
There are some sporadic cases of Lactobacillus
infection, usually in elderly populations or infants
with underlying medical conditions. For example,
the occurrence of a liver abscess, endocarditis in 2
elderly individuals, and sepsis caused by
Lactobacillus in 3 infants has been reported (one 6-
week-old ill infant, and 2 borderline premature
infants with short gut syndrome).” There are not

Abbreviations used:

AD: atopic dermatitis

CDAD: Clostridium difficile—associated
diarrhea

IFN-vy: interferon gamma

OR: odds ratio

PAD: pediatric atopic dermatitis

RR: relative risk

SCORAD: SCORing Atopic Dermatitis

many studies of the use of probiotics and prebiotics
in dermatology, with the exception of atopic derma-
titis (AD), and even in that context their clinical use is
controversial. We will discuss the existing clinical
and experimental studies exploring this use, in
particular in AD, acne, and wound healing.

ATOPIC DERMATITIS

Key points

¢ Probiotics and prebiotics modulate T helper
cytokine activation

¢ Probiotics upregulate regulatory T cells and
accelerate barrier function recovery

e Some probiotics effects may be strain-
specific

Research about the use of probiotics and pre-
biotics in AD has been extensive (Table D). Their
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effect in the reduction of allergic diseases could be
linked to the hygiene hypothesis, which suggests
that a lack of exposure to microbes early in life can
affect the development of the immune system
and increase susceptibility to allergies.'’ Allergic
diseases are associated with an imbalance in T
helper (Tyl/Tu2) cytokine activation. Probiotics
can inhibit the T2 response
while stimulating the pro-
duction of Tyl cytokines,
such as interferon gamma
(IEN-y)."*"7 In addition, de-
creases in regulatory T cells
(Tregs), which are crucial
regulators of the immune
response, have been re-
ported in patients with AD,
and  their number is
inversely correlated with
immunoglobulin E (IgE),
eosinophilia, and IFN-y
levels.'®"” Probiotics upre-
gulated the generation of
Tregs, which migrated to
inflammation sites and suppressed disease progres-
sion in mice.”’

Another mechanism involved in the pathogenesis
of AD is dysfunction in the skin barrier. Lactobacillus
paracasei was found to speed barrier function
recovery.”’ However, filaggrin expression was not
altered by probiotics in an atopic dog model.””
Barrier defects in AD also seem to involve the
intestinal mucosa,”** and the composition of the
intestinal microflora is different in patients with AD.
Infants with eczema®”° and atopic sensitization”’
had a reduced proportion of bifidobacteria
species and a lower microflora diversity early in
life.”” AD patients have decreased barrier function,
not only in the skin but also in the intestinal mucosa,
permitting the frequent transfer of exogenous anti-
gens with the induction of symptomatic AD.”"*’
Clinical improvement was found after reversal of this
alteration.”

Some probiotic effects may be strain-specific,
mediated through Toll-like receptors, and expressed
by enterocytes.”’ For example, different strains of
Lactobacillus salivarius induce differing modulation
on cytokine release; the strain LDR0O723 modulates a
Tyl response, and strains BNL1059 and RGS1746
favor a Ty2 response.”” It has recently been shown
that prebiotics, like probiotics, can significantly
decrease the generation of toxic fermentation prod-
ucts™ and modulate immune parameters, including
the Ty 1/TH2 balance that could be beneficial to AD

patients.” >

in recent years.

properties.

therapies.

CAPSULE SUMMARY

- Probiotic and prebiotic use has increased

Probiotics and prebiotics have a role in
the inflammatory response and barrier
function in addition to antimicrobial

Understanding the mechanisms of
action of probiotics and prebiotics in
dermatologic conditions may stimulate
the development of new effective
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Probiotics in the prevention of pediatric atopic
dermatitis

Key points

¢ Metaanalysis data show a 20% to 24% reduc-
tion in the incidence of pediatric atopic
dermatitis by using probiotics

¢ The long-term effects in
the prevention of pedi-
atric atopic dermatitis
are controversial

Consolidated data have
been published as 5 meta-
analyses (Table ID. While
both Lee et al’® and Doege
et al”’ found a significant
risk reduction of pediatric
atopic  dermatitis (PAD)
with the use of prenatal
and/or postnatal probiotics,
Osborn and Sinn”” did not
find  this  relationship,
although they did find a
significant reduction in eczema. The 2 Ilatest
metaanalyses, by Pelucchi et al®” and Panduru
etal, " analyzed 18 articles (14 trials) and 16 trials,
respectively. The global relative risk (RR) of PAD
was 0.79 and for IgE-associated PAD was
0.80 according to Pelucchi et al,”” and the
odds ratios (ORs) for general and high-risk pop-
ulations were 0.76 and 0.54, respectively. Overall
prenatal followed by postnatal administration
of probiotics, especially with Lactobacillus and
Bifidobacterium, are protective against the devel-
opment of PAD.

The long-term effects of the prevention of PAD
have been evaluated in 4 trials.""™"" Lactobacillus
rbamnosus during prenatal and postnatal periods
provided persistent protection in the development of
PAD and atopic sensitization at 4, 6,** and 7 years of
age.”! However, Kuitunen et al** found that a pro-
biotic/prebiotic mix reduced the incidence of PAD
by 5 years of age only in children who were
delivered by cesarean section. More recently, West
et al” did not find any long-term effects of the
prevention of PAD in 8- and 9-year-olds in the cohort
receiving L paracasei after weaning, despite a pro-
tective effect at 13 months.

Given the 20% to 24% reduction of incidence of AD
in the latest metaanalyses and their good safety
profile, we believe that the addition of probiotics,
especially Lactobacillus strains, starting during the
last 2 weeks of pregnancy and continuing for the first
3 months of life, are a good option in preventing PAD.
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Table 1. Possible mechanisms of action of
probiotics strains in atopic dermatitis

Mechanism of action

Inhibition of Ty2 response’*'>333°

Stimulation of Ty1 response
Upregulation of regulatory T cells*®

Acceleration of skin and mucosa barrier function
Increase in intestinal microflora diversity*°
Reduction of fermentation products®*=°
Inhibition of Staphylococcus aureus attachment’®

14,15,33-35

21,30,69

Prebiotics in the prevention of pediatric atopic
dermatitis

Key point

e Metaanalysis data show a reduction of 32%
in the incidence of pediatric atopic derma-
titis after using prebiotics

A recent metaanalysis by Osborn and Sinn*°
analyzed 4 studies (1218 infants) exploring the effect
of specific prebiotics in the prevention of allergy.
They found a significant reduction in eczema (RR,
0.68) using a galactooligosaccharide and fructooli-
gosaccharide combination. Because of the short
duration of follow-up in these studies, it was unclear
if prebiotic benefits persist beyond infancy.
However, Arslanoglu et al’” found that infants who
were at risk of atopy and who were fed with a
prebiotic-supplemented formula during the first 6
months of life had a significantly lower 5-year
cumulative incidence of PAD.

Probiotics in the treatment of atopic dermatitis

Key points

e The use of probiotics in the treatment of
atopic dermatitis has been evaluated in small
and heterogeneous trials

¢ Although a promising role has been found in
individual trials, metaanalyses have not
shown efficacy in the treatment of pediatric
atopic dermatitis

Although data exist showing the protective effect
of probiotics in the incidence of PAD, there is less
convincing information about their effects as treat-
ment. Two metaanalyses, by Lee et al®” and Michail
et al," failed to find clinically significant changes in
the severity of PAD with the use of probiotics.
However, treatment trials tend to be smaller and
more heterogeneous than their preventive counter-
parts, so they are less likely to show significance.”
Lately, Lactobacillus plantarum for 12 weeks in 83
children with PAD showed a reduction of 9.1 in
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SCORing Atopic Dermatitis (SCORAD) scores at
week 14, compared with a 1.8 reduction in
SCORAD scores in the placebo group.” Although
this difference reached statistical significance, it is
probably not clinically relevant.

There are even fewer data about the role of
probiotics in adult AD. Lactobacilli were found
useful in decreasing itch and burning scores in 10
patients with intractable AD,” and L paracasei K71
decreased skin severity scores at weeks 8 and 12 in
34 AD patients.”’ Drago et al”* found that a probiotic
mixture reduced SCORAD scores of 38 patients with
moderate to severe AD, and Iemoli et al’' found
similar results in 48 AD patients.”' Although these
studies are promising, however, the small number of
subjects prevents generalization of the results.

ACNE

Key points

e Small trials have shown up to 80% clinical
improvement in acne patients using
probiotics

¢ Probiotics may reduce inflammation in acne
by decreasing the release of inflammatory
cytokines and recruitment of CD8 cells, and
by activating regulatory T cells

e The increase in ceramide production may
strengthen barrier function in acne patients

The pathophysiology of acne involves excess
sebum production, follicular hyperkeratinization,
Propionibacterium acnes hypercolonization, and
inflammation.”” These factors may be aggravated
with stress. Stress can also alter the intestinal lining,
by encouraging bacterial overgrowth, stagnating
intestinal transit time, and thereby compromising the
intestinal barrier.”” Fifty-four percent of acne
vulgaris patients have marked alterations to intestinal
microflora.”® Constipation is more frequent in adoles-
cents with sebaceous gland diseases, including acne,”’
and concentrations of lactobacilli and bifidobacterium
are significantly lower in constipated patients.”””"

One of the potential benefits that systemic pro-
biotics may offer is the reduction of inflammation in
acne,””“ probably caused by the downregulation of
gene expression related to the release of inflamma-
tory cytokines and the recruitment of pathogenic
CD8 T cells while activating Treg cells.”” ! Probiotics
may also decrease sebum content, which can lead to
lower follicular colonization by P acnes and there-
fore decrease inflammation.®**’ These were primar-
ily short-term studies, indicating the need for
investigations studying the long-term effects of
lactobacillus extract in acne lesions.



Table II. Metaanalyses of the use of probiotics in prevention of atopic dermatitis

Metaanalysis (year)

Population

No. of trials

No. of subjects

Endpoint

Effects

Comments

Lee et al*® (2008)

Osborn et al*®

(2009)
Doege et al*’
(2012)

Pelucchi et al*®

(2012)

Panduru et al*°

(2014)

Pregnant mothers
and/or infants =6
months old

Pregnant mothers
and/or infants =12
months old

Pregnant mothers and
infants = 12 months
old

Pregnant mothers and
infants = 24 months
old

Pregnant mother and
infants = 13 months
old

6

14

16

1581

1584

2843

3092

3495

Incidence of AD =4 years

Incidence infant eczema
and AD =4 years

Incidence of AD =5 years

Incidence of AD and
IgE-associated AD =7
years

AD development in
children =9 years
of age

RR = 0.69 (95% Cl, 0.57-0.83);
if excluding only postnatal
intervention, RR = 0.61 (95%
Cl, 0.49-0.75)

RR of infant eczema = 0.82,
(95% Cl, 0.70-0.95); RR of
AD = 0.80 (95% Cl, 0.62-1.02)

RR of lactobacilli = 0.67 (95% Cl,
0.52-0.86); RR of mixed
prebiotics = 0.86 (95% (I,
0.70-1.06)

RR of AD = 0.79 (95% Cl,
0.71-0.88); RR of
IgE-associated AD = 0.80
(95% Cl, 0.66-0.96)

OR in the general population,
0.56; OR in high-risk
populations, 0.76

Lactobacillus rhamnosus GG,
Lactobacillus acidophilus LAV-
RI-A1, and a combination of
probiotics with a prebiotic
showed a decrease in the
incidence of pediatric AD;
Lactobacillus reuteri showed
a paradoxical increase in
sensitization to allergens;
excluding 1 purely postnatal
protocol, revealed a lower
relative risk

No subanalysis for time of
supplement (prenatal,
postnatal, or both)

Lactobacilli showed a
significant reduction of the
development of atopic
eczema (4 studies); no effect
with strain mixtures (3
studies)

The RR of AD was lower in
infants/young children with
no family history of allergic
diseases; global 20%
reduction in the incidence of
AD and IgE-associated AD

Prenatal administration
followed by postnatal
administration was
protective (OR, 0.54;

P =.001), unlike exclusive
postnatal administration (OR,
0.89; P = .59); Lactobacillus
alone and Lactobacillus with
Bifidobacterium are
protective against AD

AD, Atopic dermatitis; Cl, confidence interval; IgE, immunoglobulin E; OR, odds ratio; RR, relative risk.

MaY puv ‘ug ‘ojoN ozmonbvg ¥

TOLYWYI(] avoy WY [



] AM ACAD DERMATOL

A trial of probiotics showed an 80% clinical
improvement in acne patients after oral supplemen-
tation of Lactobacillus acidopbilus and Lactobacillus
bulgaricus.”* A recent study (n = 36) showed
statistically significant improvement in inflammatory
lesion count, total lesion count, and clinical grade of
acne after daily consumption of Lactobacillus for 12
weeks compared to fermented milk (placebo) con-
sumption.”® When used as an adjuvant to minocycline
in subjects with mild to moderate acne, a significantly
lower total lesion count (P < .001) was found after 8
weeks compared to groups given only probiotic
supplementation or only minocycline treatment.”’

A decrease in ceramides in the stratum corneum
causes water loss and barrier dysfunction in the
epidermis.”® Sphingolipids, which have antimicro-
bial properties against P acnes, are low in patients
with acne.®>®” The application of topical probiotics,
such as Streptococcus thermophilus, increased cer-
amide production when applied for 7 days as a
cream.”® Probiotics may accelerate the recovery of
skin barrier function,”’ especially at higher doses.””
A topical lactobacillus increased skin barrier
strength, although this was not statistically signifi-
cant; triclosan, an antibiotic, worsened barrier repair
after 2 months of use.”” Triclosan also led to a
marked increase in bacterial counts after 2 months
of use, despite an initial reduction, indicating
possible resistance development.”

Systemic antibiotics are commonly prescribed for
the treatment of acne, and Clostridium difficile—as-
sociated diarrhea (CDAD) is one of the most severe
adverse events associated with their use. A recent
metaanalysis of the use of probiotics in pediatric and
adult populations receiving antibiotics found a 66%
reduction in the incidence of CDAD, which means
that the use of probiotics would prevent 33 episodes
of CDAD per 1000 persons.”””! Although none of the
studies included studied populations with acne, it is
reasonable to extrapolate these results to patients
receiving chronic antibiotic therapy for acne.

WOUND HEALING

Key points

¢ Probiotics have been shown to decrease the
bacterial load and promote wound healing
in burn patients

¢ Probiotics have been shown to significantly
reduce the area of chronic leg ulcers and
decrease bacterial load

The failure of antibiotics to treat biofilms has led
scientists to search for modalities based on the
principle of probiotics displacing pathogens.
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Topical L plantarum inhibited Pseudomonas aeru-
ginosa colonization, improved tissue repair, and
enhanced phagocytosis in burn wounds in mice.””
Clinical studies on patients with second- and third-
degree burns found that the application of L planta-
rum was as effective as silver sulfadiazine in
decreasing bacterial load, promoting the appearance
of granulation tissue, and wound healing.””

Probiotics may also disrupt biofilms by regulating
the levels of interleukin-8, a neutrophil chemoat-
tractant, and thereby modulating the activity of
neutrophils. A reduction of >90% of the area of
chronic leg ulcers was observed in 43% of diabetics
and 50% of nondiabetic patients after 30 days of
topical treatment with L plantarum, as well as a
significant decrease in colony-forming units after 5
days.”* In addition, a decrease in necrosis and
apoptosis of neutrophils in the wound may allow
for more effective phagocytosis to debride the
wound and decrease the bacterial load, facilitating
tissue repair. Finally, the use of a nitric oxide—pro-
ducing probiotic patch accelerated healing and
decreased bacterial load in infected full-thickness
wounds in white rabbits.”

FUTURE DEVELOPMENTS

Key points

¢ Probiotics produce bacteriocins and organic
acids with antimicrobial properties

e Probiotics also compete with Stapbylo-
coccus aureus for  attachment to
keratinocytes

e Probiotics prevent the increase of elastase
activity, interleukins-1B and -10, and the
decrease of Langerhans cells induced by ul-
traviolet radiation

¢ Probiotics have been associated with health-
ier skin and hair in mice; this mechanism is
dependent on interleukin-10

Although there are little human data available,
some animal and in vitro models have given us
insights about the possible role of probiotics as
antimicrobials, in photoprotection, and in hair and
skin appearance. We will briefly discuss these pre-
liminary results.

Antimicrobial properties

Probiotics produce peptides known as bacterio-
cins, or organic acids that possess antimicrobial
activity against pathogenic bacteria.”*”® In addition,
Lactobacillus ruteri inhibits the attachment of §
aureus to human epidermal keratinocytes by
competitive exclusion rather than through bacterio-
cins to inhibit colonization.”
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Photoprotection

Bifidobacterium breve supplementation to hair-
less mice prevented ultraviolet radiation—induced
changes in skin elasticity and appearance™ and
prevented the increase in elastase activity and
interleukin-18 levels. Lactobacillus johnsonii led to
protection against ultraviolet radiation—induced
immunosuppression by preventing increases of
interleukin-10 levels and decreases of epidermal
Langerhans cells.”"

The oral administration of L jobnsonii in a ran-
domized, placebo-controlled clinical trial showed
that ultraviolet radiation—sensitive subjects who
received 6 weeks of probiotics showed early recov-
ery of Langerhans cells allostimulation.®

Hair and skin appearance

Mice eating probiotic yogurt or purified
Lactobacillus reuteri had a significantly thicker
dermis, more anagen hair follicles, and more sebo-
cytes leading to hair gloss. Interleukin-10 was found
to be required in order to reproduce these benefits.”

Rosacea

Although no data are available about the use of
probiotics for rosacea, these patients have signifi-
cantly higher levels of small intestinal bacterial
overgrowth compared to controls, and normaliza-
tion of the intestinal flora with the use of rifaximin led
to sustained improvement of symptoms for >9
months.”® Also, Helicobacter pylori infection is
believed to play a role in the pathogenesis of
rosacea.”” Reduction in bacterial colonization and
H pylori—associated symptoms have been reported
in several trials.” It remains to be elucidated if the
use of probiotics can improve symptoms in rosacea
patients by replacing pathogenic bacteria with pro-
biotic strains.

CONCLUSION

Normalization of intestinal microflora with the use
of probiotics and prebiotics has a positive effect on
several skin conditions. While convincing data show
that probiotics and prebiotics decrease the incidence
of AD in infants, more research is needed to
determine their role in the treatment of AD, acne,
photoprotection, and wound healing. Experimental
data also suggest their use in microbial management
and in hair and skin appearance. We hope that
physicians and scientists find this article useful in
providing a review on the use of probiotics in various
areas of medicine, specifically in AD, acne, and
wound healing.

J AM ACAD DERMATOL

We thank Robert Kirsner, MD, PhD, and the reviewers
who provided their insight regarding this article.

REFERENCES

1. Food and Agriculture Organization of the United Nations,
World Health Organization. Probiotics in food: health and
nutritional properties and guidelines for evaluation. Rome:
Food and Agriculture Organization of the United Nations:
World Health Organization; 2006.

2. Agostoni C, Axelsson |, Goulet O, Koletzko B, Michaelsen KF,
Puntis JW, et al. Prebiotic oligosaccharides in dietetic prod-
ucts for infants: a commentary by the ESPGHAN Committee
on Nutrition. J Pediatr Gastroenterol Nutr 2004;39:465-73.

3. Borriello SP, Hammes WP, Holzapfel W, Marteau P, Schre-
zenmeir J, Vaara M, et al. Safety of probiotics that contain
lactobacilli or bifidobacteria. Clin Infect Dis 2003;36:775-80.

4. Tan Q, Xu H, Aguilar ZP, Peng S, Dong S, Wang B, et al. Safety
assessment and probiotic evaluation of Enterococcus faecium
YF5 isolated from sourdough. J Food Sci 2013;78:M587-93.

5. Lara-Villoslada F, Sierra S, Diaz-Ropero MP, Olivares M, Xaus J.
Safety assessment of the human milk-isolated probiotic
Lactobacillus salivarius CECT5713. J Dairy Sci 2007;90:3583-9.

6. Lara-Villoslada F, Sierra S, Martin R, Delgado S, Rodriguez JM,
Olivares M, et al. Safety assessment of two probiotic strains,
Lactobacillus coryniformis CECT5711 and Lactobacillus gasseri
CECT5714. J Appl Microbiol 2007;103:175-84.

7. Olivares M, Diaz-Ropero MP, Martin R, Rodriguez JM, Xaus J.
Antimicrobial potential of four Lactobacillus strains isolated
from breast milk. J Appl Microbiol 2006;101:72-9.

8. Sanders ME, Akkermans LM, Haller D, Hammerman C,
Heimbach J, Hormannsperger G, et al. Safety assessment of
probiotics for human use. Gut Microbes 2010;1:164-85.

9. Hammerman C, Bin-Nun A, Kaplan M. Safety of probiotics:
comparison of two popular strains. BMJ 2006;333:1006-8.

10. Majamaa H, Isolauri E. Probiotics: a novel approach in the
management of food allergy. J Allergy Clin Immunol 1997;99:
179-85.

11. Isolauri E, Arvola T, Sutas Y, Moilanen E, Salminen S.
Probiotics in the management of atopic eczema. Clin Exp
Allergy 2000;30:1604-10.

12. Rosenfeldt V, Benfeldt E, Nielsen SD, Michaelsen KF, Jeppe-
sen DL, Valerius NH, et al. Effect of probiotic Lactobacillus
strains in children with atopic dermatitis. J Allergy Clin
Immunol 2003;111:389-95.

13. Bach JF. The effect of infections on susceptibility to
autoimmune and allergic diseases. N Engl J Med 2002;347:
911-20.

14. Winkler P, Ghadimi D, Schrezenmeir J, Kraehenbuhl JP.
Molecular and cellular basis of microflora-host interactions.
J Nutr 2007;137(3 suppl 2):756S5-72S.

15. Isolauri E, Sutas Y, Kankaanpaa P, Arvilommi H, Salminen S.
Probiotics: effects on immunity. Am J Clin Nutr 2001;73(2
suppl):444S-50S.

16. Heller F, Duchmann R. Intestinal flora and mucosal immune
responses. Int J Med Microbiol 2003;293:77-86.

17. Sudo N, Sawamura S, Tanaka K, Aiba Y, Kubo C, Koga Y. The
requirement of intestinal bacterial flora for the development
of an IgE production system fully susceptible to oral
tolerance induction. J Immunol 1997;159:1739-45.

18. Orihara K, Narita M, Tobe T, Akasawa A, Ohya Y, Matsumoto
K, et al. Circulating Foxp3+CD4+ cell numbers in atopic
patients and healthy control subjects. J Allergy Clin Immunol
2007;120:960-2.

19. Ito Y, Adachi Y, Makino T, Higashiyama H, Fuchizawa T,
Shimizu T, et al. Expansion of FOXP3-positive CD4+CD25+ T


http://refhub.elsevier.com/S0190-9622(14)01407-8/sref1
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref1
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref1
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref1
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref1
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref2
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref2
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref2
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref2
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref3
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref3
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref3
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref4
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref4
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref4
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref5
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref5
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref5
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref6
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref6
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref6
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref6
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref7
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref7
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref7
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref8
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref8
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref8
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref9
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref9
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref10
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref10
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref10
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref11
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref11
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref11
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref12
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref12
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref12
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref12
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref13
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref13
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref13
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref14
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref14
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref14
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref15
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref15
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref15
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref16
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref16
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref17
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref17
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref17
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref17
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref18
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref18
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref18
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref18
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref18
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref18
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref19
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref19
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref19
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref19

] AM ACAD DERMATOL

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

cells associated with disease activity in atopic dermatitis. Ann
Allergy Asthma Immunol 2009;103:160-5.

Kwon HK, Lee CG, So JS, Chae CS, Hwang JS, Sahoo A, et al.
Generation of regulatory dendritic cells and CD4+Foxp3+ T
cells by probiotics administration suppresses immune disor-
ders. Proc Natl Acad Sci U S A 2010;107:2159-64.

Gueniche A, Benyacoub J, Philippe D, Bastien P, Kusy N,
Breton L, et al. Lactobacillus paracasei CNCM 1-2116 (ST11)
inhibits substance P-induced skin inflammation and acceler-
ates skin barrier function recovery in vitro. Eur J Dermatol
2010;20:731-7.

Marsella R, Santoro D, Ahrens K, Thomas AL. Investigation of
the effect of probiotic exposure on filaggrin expression in an
experimental model of canine atopic dermatitis. Vet Derma-
tol 2013;24:260-e57.

Rosenfeldt V, Benfeldt E, Valerius NH, Paerregaard A,
Michaelsen KF. Effect of probiotics on gastrointestinal
symptoms and small intestinal permeability in children with
atopic dermatitis. J Pediatr 2004;145:612-6.

Majamaa H, Isolauri E. Evaluation of the gut mucosal barrier:
evidence for increased antigen transfer in children with
atopic eczema. J Allergy Clin Immunol 1996;97:985-90.
Bjorksten 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;108:516-20.

Murray CS, Tannock GW, Simon MA, Harmsen HJ, Welling
GW, Custovic A, et al. Fecal microbiota in sensitized wheezy
and non-sensitized non-wheezy children: a nested
case-control study. Clin Exp Allergy 2005;35:741-5.
Kalliomaki 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 Allergy
Clin Immunol 2001;107:129-34.

Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorksten B,
Engstrand L, Jenmalm MC. Low diversity of the gut micro-
biota in infants with atopic eczema. J Allergy Clin Immunol
2012;129:434-40, 40, el-2.

Wold AE. The hygiene hypothesis revised: is the rising
frequency of allergy due to changes in the intestinal flora?
Allergy 1998;53:20-5.

Matsumoto M, Aranami A, Ishige A, Watanabe K, Benno Y.
LKM512 yogurt consumption improves the intestinal envi-
ronment and induces the T-helper type 1 cytokine in adult
patients with intractable atopic dermatitis. Clin Exp Allergy
2007;37:358-70.

Rachmilewitz D, Katakura K, Karmeli F, Hayashi T, Reinus C,
Rudensky B, et al. Toll-like receptor 9 signaling mediates the
anti-inflammatory effects of probiotics in murine experi-
mental colitis. Gastroenterology 2004;126:520-8.

Drago L, Toscano M, De VecchiE, Piconi S, lemoli E. Changing of
fecal flora and clinical effect of L. salivarius LSO1 in adults with
atopic dermatitis. J Clin Gastroenterol 2012;46(suppl):S56-63.
De Preter V, Geboes K, Verbrugghe K, De Vuyst L, Vanhoutte
T, Huys G, et al. The in vivo use of the stable isotope-labelled
biomarkers lactose-[15N]ureide and [2H4]tyrosine to assess
the effects of pro- and prebiotics on the intestinal flora of
healthy human volunteers. Br J Nutr 2004;92:439-46.

Schley PD, Field CJ. The immune-enhancing effects of dietary
fibres and prebiotics. Br J Nutr 2002;87(suppl 2):5221-30.
Passeron T, Lacour JP, Fontas E, Ortonne JP. Prebiotics and
synbiotics: two promising approaches for the treatment of atopic
dermatitis in children above 2 years. Allergy 2006;61:431-7.

Lee J, Seto D, Bielory L. Meta-analysis of clinical trials of
probiotics for prevention and treatment of pediatric atopic
dermatitis. J Allergy Clin Immunol 2008;121:116-21.e11.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Baquerizo Nole, Yim, and Keri 7

Doege K, Grajecki D, Zyriax BC, Detinkina E, Zu Eulenburg C,
Buhling KJ. Impact of maternal supplementation with pro-
biotics during pregnancy on atopic eczema in childhood—a
meta-analysis. Br J Nutr 2012;107:1-6.

Osborn DA, Sinn JK. Probiotics in infants for prevention of
allergic disease and food hypersensitivity. Cochrane Data-
base Syst Rev 2007;4:CD006475.

Pelucchi C, Chatenoud L, Turati F, Galeone C, Moja L, Bach JF,
et al. Probiotics supplementation during pregnancy or
infancy for the prevention of atopic dermatitis: a meta-anal-
ysis. Epidemiology 2012;23:402-14.

Panduru M, Panduru NM, Salavastru CM, Tiplica GS.
Probiotics and primary prevention of atopic dermatitis: a
meta-analysis of randomized controlled studies. J Eur Acad
Dermatol Venereol doi: 10.1111/jdv.12496. Published online
April 4, 2014.

Kalliomaki M, Salminen S, Poussa T, Isolauri E. Probiotics
during the first 7 years of life: a cumulative risk reduction of
eczema in a randomized, placebo-controlled trial. J Allergy
Clin Immunol 2007;119:1019-21.

Kuitunen M, Kukkonen K, Juntunen-Backman K, Korpela R,
Poussa T, Tuure T, et al. Probiotics prevent IgE-associated
allergy until age 5 years in cesarean-delivered children but not
in the total cohort. J Allergy Clin Immunol 2009;123:335-41.
West CE, Hammarstrom ML, Hernell O. Probiotics in primary
prevention of allergic disease—follow-up at 8-9 years of age.
Allergy 2013;68:1015-20.

Wickens K, Stanley TV, Mitchell EA, Barthow C, Fitzharris P,
Purdie G, et al. Early supplementation with Lactobacillus
rhamnosus HNOO1 reduces eczema prevalence to 6 years:
does it also reduce atopic sensitization? Clin Exp Allergy
2013;43:1048-57.

West CE, Hammarstrom ML, Hernell O. Probiotics during
weaning reduce the incidence of eczema. Pediatr Allergy
Immunol 2009;20:430-7.

Osborn DA, Sinn JK. Prebiotics in infants for prevention of
allergy. Cochrane Database Syst Rev 2013;3:CD006474.
Arslanoglu S, Moro GE, Boehm G, Wienz F, Stahl B, Bertino E.
Early neutral prebiotic oligosaccharide supplementation re-
duces the incidence of some allergic manifestations in the
first 5 years of life. J Biol Regul Homeost Agents 2012;26:
49-59.

Michail SK, Stolfi A, Johnson T, Onady GM. Efficacy of
probiotics in the treatment of pediatric atopic dermatitis: a
meta-analysis of randomized controlled trials. Ann Allergy
Asthma Immunol 2008;101:508-16.

Han Y, Kim B, Ban J, Lee J, Kim BJ, Choi BS, et al. A
randomized trial of Lactobacillus plantarum CJLP133 for the
treatment of atopic dermatitis. Pediatr Allergy Immunol
2012;23:667-73.

Moroi M, Uchi S, Nakamura K, Sato S, Shimizu N, Fujii M, et al.
Beneficial effect of a diet containing heat-killed Lactobacillus
paracasei K71 on adult type atopic dermatitis. J Dermatol
2011;38:131-9.

lemoli E, Trabattoni D, Parisotto S, Borgonovo L, Toscano M,
Rizzardini G, et al. Probiotics reduce gut microbial trans-
location and improve adult atopic dermatitis. J Clin Gastro-
enterol 2012;46(suppl):S33-40.

Al-Ghazzewi FH, Tester RF. Effect of konjac glucomannan
hydrolysates and probiotics on the growth of the skin
bacterium Propionibacterium acnes in vitro. Int J Cosmet Sci
2010;32:139-42.

. Wang SX, Wu WC. Effects of psychological stress on small

intestinal motility and bacteria and mucosa in mice. World J
Gastroenterol 2005;11:2016-21.


http://refhub.elsevier.com/S0190-9622(14)01407-8/sref19
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref19
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref20
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref20
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref20
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref20
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref20
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref20
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref21
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref21
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref21
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref21
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref21
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref22
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref22
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref22
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref22
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref23
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref23
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref23
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref23
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref24
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref24
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref24
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref25
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref25
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref25
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref26
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref26
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref26
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref26
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref27
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref27
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref27
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref27
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref28
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref28
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref28
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref28
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref29
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref29
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref29
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref30
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref30
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref30
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref30
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref30
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref31
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref31
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref31
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref31
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref32
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref32
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref32
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref33
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref33
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref33
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref33
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref33
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref34
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref34
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref35
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref35
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref35
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref36
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref36
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref36
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref37
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref37
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref37
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref37
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref38
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref38
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref38
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref39
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref39
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref39
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref39
http://10.1111/jdv.12496
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref41
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref41
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref41
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref41
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref42
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref42
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref42
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref42
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref43
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref43
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref43
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref44
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref44
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref44
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref44
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref44
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref45
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref45
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref45
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref46
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref46
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref47
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref47
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref47
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref47
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref47
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref48
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref48
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref48
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref48
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref49
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref49
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref49
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref49
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref50
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref50
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref50
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref50
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref51
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref51
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref51
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref51
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref52
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref52
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref52
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref52
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref53
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref53
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref53

8 Bagquerizo Nole, Yim, and Keri

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Bowe WP, Logan AC. Acne vulgaris, probiotics and the
gut-brain-skin axis—back to the future? Gut Pathog 2011;3:1.
Lauritano EC, Valenza V, Sparano L, Scarpellini E, Gabrielli M,
Cazzato A, et al. Small intestinal bacterial overgrowth and
intestinal permeability. Scand J Gastroenterol 2010;45:
1131-2.

Volkova LA, Khalif IL, Kabanova IN. Impact of the impaired
intestinal microflora on the course of acne vulgaris [in
Russian]. Klin Med (Mosk) 2001;79:39-41.

Zhang H, Liao W, Chao W, Chen Q, Zeng H, Wu C, et al. Risk
factors for sebaceous gland diseases and their relationship to
gastrointestinal dysfunction in Han adolescents. J Dermatol
2008;35:555-61.

Khalif IL, Quigley EM, Konovitch EA, Maximova ID. Alterations
in the colonic flora and intestinal permeability and evidence
of immune activation in chronic constipation. Dig Liver Dis
2005;37:838-49.

Muizzuddin N, Maher W, Sullivan M, Schnittger S, Mammone
T. Physiological effect of a probiotic on skin. J Cosmet Sci
2012;63:385-95.

Kang BS, Seo JG, Lee GS, Kim JH, Kim SY, Han YW, et al.
Antimicrobial activity of enterocins from Enterococcus faecalis
SL-5 against Propionibacterium acnes, the causative agent in
acne vulgaris, and its therapeutic effect. J Microbiol 2009;47:
101-9.

Hacini-Rachinel F, Gheit H, Le Luduec JB, Dif F, Nancey S,
Kaiserlian D. Oral probiotic control skin inflammation by
acting on both effector and regulatory T cells. PloS One 2009;
4:e4903.

Yamamoto A, Takenouchi K, Ito M. Impaired water barrier
function in acne vulgaris. Arch Dermatol Res 1995;287:214-8.
Kim J, Ko Y, Park YK, Kim NI, Ha WK, Cho Y. Dietary effect of
lactoferrin-enriched fermented milk on skin surface lipid and
clinical improvement of acne vulgaris. Nutrition 2010;26:
902-9.

Siver RH. Lactobacillus for the control of acne. J Med Soc N J
1961;58:52-3.

Jung GW, Tse JE, Guiha I, Rao J. Prospective, randomized,
open-label trial comparing the safety, efficacy, and tolera-
bility of an acne treatment regimen with and without a
probiotic supplement and minocycline in subjects with mild
to moderate acne. J Cutan Med Surg 2013;17:114-22.
Mizutani Y, Mitsutake S, Tsuji K, Kihara A, Igarashi Y. Ceramide
biosynthesis in keratinocyte and its role in skin function.
Biochimie 2009;91:784-90.

Clarys P, Barel A. Quantitative evaluation of skin surface
lipids. Clin Dermatol 1995;13:307-21.

Di Marzio L, Cinque B, De Simone C, Cifone MG. Effect of the
lactic acid bacterium Streptococcus thermophilus on ceramide
levels in human keratinocytes in vitro and stratum corneum
in vivo. J Invest Dermatol 1999;113:98-106.

Philippe D, Blum S, Benyacoub J. Oral Lactobacillus paracasei
improves skin barrier function recovery and reduces local
skin inflammation. Eur J Dermatol 2011;21:279-80.

Johnston BC, Ma SS, Goldenberg JZ, Thorlund K, Vandvik PO,
Loeb M, et al. Probiotics for the prevention of Clostridium
difficile-associated diarrhea: a systematic review and meta-
analysis. Ann Intern Med 2012;157:878-88.

Nambudiri VE, Bigby ME. Practicing prevention with pro-
biotics. JAMA Dermatol 2013;149:1422-4.

Valdez JC, Peral MC, Rachid M, Santana M, Perdigon G.
Interference of Lactobacillus plantarum with Pseudomonas

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

] AM AcAaD DERMATOL

aeruginosa in vitro and in infected burns: the potential use of
probiotics in wound treatment. Clin Microbiol Infect 2005;11:
472-9.

Peral MC, Martinez MA, Valdez JC. Bacteriotherapy with
Lactobacillus plantarum in burns. Int Wound J 2009;6:73-81.
Peral MC, Rachid MM, Gobbato NM. Huaman Martinez MA,
Valdez JC. Interleukin-8 production by polymorphonuclear
leukocytes from patients with chronic infected leg ulcers
treated with Lactobacillus plantarum. Clin Microbiol Infect
2010;16:281-6.

Jones M, Ganopolsky JG, Labbe A, Gilardino M, Wahl C,
Martoni C, et al. Novel nitric oxide producing probiotic
wound healing patch: preparation and in vivo analysis in a
New Zealand white rabbit model of ischaemic and infected
wounds. Int Wound J 2012;9:330-43.

Tejero-Sarinena S, Barlow J, Costabile A, Gibson GR, Rowland
I In vitro evaluation of the antimicrobial activity of a range of
probiotics against pathogens: evidence for the effects of
organic acids. Anaerobe 2012;18:530-8.

Karska-Wysocki B, Bazo M, Smoragiewicz W. Antibacterial
activity of Lactobacillus acidophilus and Lactobacillus casei
against methicillin-resistant Staphylococcus aureus (MRSA).
Microbiol Res 2010;165:674-86.

Kang MS, Oh JS, Lee SW, Lim HS, Choi NK, Kim SM. Effect of
Lactobacillus reuteri on the proliferation of Propionibacterium
acnes and Staphylococcus epidermidis. J Microbiol 2012;50:
137-42.

Prince T, McBain AJ, O'Neill CA. Lactobacillus reuteri protects
epidermal keratinocytes from Staphylococcus aureus-induced
cell death by competitive exclusion. Appl Environ Microbiol
2012;78:5119-26.

Sugimoto S, Ishii Y, Izawa N, Masuoka N, Kano M, Sone T,
et al. Photoprotective effects of Bifidobacterium breve sup-
plementation against skin damage induced by ultraviolet
irradiation in hairless mice. Photodermatol Photoimmunol
Photomed 2012;28:312-9.

Gueniche A, Benyacoub J, Buetler TM, Smola H, Blum S.
Supplementation with oral probiotic bacteria maintains
cutaneous immune homeostasis after UV exposure. Eur J
Dermatol 2006;16:511-7.

Gueniche A, Buetler T, Benyacoub J, Blum S. Lactobacillus
johnsonii provides a dose-dependent protection against
UVR-induced immunosuppression. Eur J Dermatol 2008;18:
476-7.

Peguet-Navarro J, Dezutter-Dambuyant C, Buetler T, Leclaire
J, Smola H, Blum S, et al. Supplementation with oral probiotic
bacteria protects human cutaneous immune homeostasis
after UV exposure-double blind, randomized, placebo
controlled clinical trial. Eur J Dermatol 2008;18:504-11.
Levkovich T, Poutahidis T, Smillie C, Varian BJ, Ibrahim YM,
Lakritz JR, et al. Probiotic bacteria induce a ‘glow of health'.
PLoS One 2013;8:e53867.

Parodi A, Paolino S, Greco A, Drago F, Mansi C, Rebora A,
et al. Small intestinal bacterial overgrowth in rosacea: clinical
effectiveness of its eradication. Clin Gastroenterol Hepatol
2008;6:759-64.

Bowe WP. Probiotics in acne and rosacea. Cutis 2013;92:6-7.
Holmes AD. Potential role of microorganisms in the patho-
genesis of rosacea. J Am Acad Dermatol 2013;69:1025-32.
Ayala G, Escobedo-Hinojosa WI, de la Cruz-Herrera CF,
Romero |. Exploring alternative treatments for Helicobacter
pylori infection. World J Gastroenterol 2014;20:1450-69.


http://refhub.elsevier.com/S0190-9622(14)01407-8/sref54
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref54
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref55
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref55
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref55
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref55
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref56
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref56
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref56
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref57
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref57
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref57
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref57
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref58
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref58
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref58
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref58
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref59
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref59
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref59
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref60
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref60
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref60
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref60
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref60
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref61
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref61
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref61
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref61
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref62
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref62
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref63
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref63
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref63
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref63
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref64
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref64
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref65
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref65
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref65
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref65
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref65
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref66
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref66
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref66
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref67
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref67
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref68
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref68
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref68
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref68
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref69
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref69
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref69
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref70
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref70
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref70
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref70
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref71
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref71
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref72
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref72
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref72
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref72
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref72
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref73
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref73
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref74
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref74
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref74
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref74
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref74
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref75
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref75
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref75
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref75
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref75
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref76
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref76
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref76
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref76
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref77
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref77
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref77
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref77
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref78
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref78
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref78
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref78
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref79
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref79
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref79
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref79
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref80
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref80
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref80
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref80
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref80
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref81
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref81
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref81
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref81
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref82
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref82
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref82
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref82
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref83
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref83
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref83
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref83
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref83
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref84
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref84
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref84
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref85
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref85
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref85
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref85
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref86
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref87
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref87
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref40
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref40
http://refhub.elsevier.com/S0190-9622(14)01407-8/sref40

	Probiotics and prebiotics in dermatology
	Atopic dermatitis
	Probiotics in the prevention of pediatric atopic dermatitis
	Prebiotics in the prevention of pediatric atopic dermatitis
	Probiotics in the treatment of atopic dermatitis

	Acne
	Wound healing
	Future developments
	Antimicrobial properties
	Photoprotection
	Hair and skin appearance
	Rosacea

	Conclusion
	References


