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Treatment and secondary prevention effects of the probiotics
Lactobacillus paracasei or Bifidobacterium lactis on early infant eczema:
randomized controlled trial with follow-up until age 3 years
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Clinical Summary

Background Allergic disease has been associated with altered intestinal microbiota. There-
& fore, probiotics have been suggested as a potential treatment for eczema.

. Objective We investigated whether dietary supplementation of infants with eczema at age
Expe” mental 3—6 months with Lactobacillus paracasei CNCM I-2116 or Bifidobacterium lactis CNCM I-
AI I ergy 3446 had a treatment effect or altered allergic disease progression.

Methods Primary outcome included eczema severity (SCORing Atopic Dermatitis, SCO-
RAD) 3 months post-randomization. Secondary: SCORAD (other visits); infant dermatitis
quality of life (IDQoL); gastrointestinal permeability; urinary eosinophilic protein X; aller-
gen-sensitization; allergic symptoms (age 12, 18, 36 months). A total of 208 infants aged
3-6 months with physician-diagnosed eczema were recruited; 137/208 (SCORAD>10,
consuming >200 mL standard formula/day) were randomized to daily supplements con-
taining L. paracasei or B. lactis or placebo for a 3-month period, while receiving exten-
sively hydrolysed whey-formula (dairy-free diet). There were two open observational
groups, one group exclusively breastfed (n = 22) and the other, standard formula-fed

(n = 49). Trial number: ISRCTN41490500.

Results Eczema severity decreased significantly over time in all groups. No significant
difference was observed between randomized groups after 12-week treatment-period
(SCORAD-score pre-/post-intervention: B. lactis 25.9 [95% CI: 22.8-29.2] to 12.8 [9.4—
16.6]; L. paracasei 25.4 [22.1-29] to 12.5 [9.2-16.4]; placebo 26.9 [23.4-30.6] to 11.8
[9.6-14.3]; P = 0.7). Results were similar when analysis was controlled for allergen-sensi-
tization, or when only sensitized infants were analysed. No differences were found for
secondary outcomes. No difference was observed in SCORAD-score between randomized
and observational groups.

Conclusion and Clinical Relevance We found no benefit from supplementation with B.
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composition may be associated with established and
developing allergic disease [1-4]. In light of this, probi-
The intestinal microbiota plays a key role in immune otic bacteria (live micro-organisms, which, when con-
homoeostasis, and distinct patterns of gut microbiota sumed in adequate amounts, confer a health-benefit on
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the host) [5] are of interest as potential treatments for
allergic disease. Numerous probiotic strains have been
investigated in vitro and in vivo to elucidate their bio-
logical effects [6-9]. Reports suggest that they may
improve gastrointestinal permeability, reduce gastroin-
testinal inflammation and induce beneficial immune
responses [10—-12]. Whilst there may be a role for probi-
otics in eczema prevention, treatment studies have
shown highly inconsistent results [13—15]. No long-term
outcomes after early life treatment of established
eczema with probiotics have been reported.

We investigated the effect of supplementation with
probiotics, Lactobacillus paracasei CNCM 1-2116 or Bif-
idobacterium lactis CNCM 1-3446, as an adjunct to dairy
elimination diet on eczema severity in infants, and
aimed to elucidate whether these strains affected infant
dermatitis quality of life (IDQoL), atopic sensitization, a
marker of inflammation, gastrointestinal permeability
and progression of allergic disease up until age 3 years.

Methods

Participants

We recruited infants with physician-diagnosed eczema
[16] from community clinics (age 3—6 months, good
general health, normal growth; exclusion criteria:
<34 weeks gestation, congenital abnormality, chronic
disease, currently taking oral antibiotics, currently on
soya/extensively hydrolysed formula). At baseline visit,
the eczema diagnosis was confirmed and standardized
skin-treatment was commenced for a run-in period of
2 weeks (1% hydrocortisone ointment 2x/day, emol-

lients/moisturizers 2—4x/day, bath emollient). Follow-
ing this, infants were randomized if SCORing Atopic
Dermatitis index (SCORAD index) [17] was >10 and
they were consuming >200 mL standard formula/day.
Exclusively breastfed infants joined the breastfeeding
open observational group. Some parents declined to use
a hydrolysed formula; these infants were followed up in
a standard-formula-fed open observational group
(Fig. 1). The study was conducted under Registered trial
number ISRCTN41490500. All aspects of the study were
approved by the Local Research Ethics Committee.
Informed consent was obtained from all parents.

Interventions

Randomized infants were commenced on a dairy elimi-
nation diet (standard formula changed to extensively
hydrolysed whey-formula, in keeping with common
clinical practice) and they received a daily supplement-
sachet containing 10'® colony-forming units of either
lyophilized powdered L. paracasei CNCM 1-2116 or B.
lactis CNCM 1[-3446 or a sachet containing placebo
(Maltodextrin) for a 3-month period. Other fermented
or probiotic-containing products were avoided during
this period.

Outcomes
Primary. SCORAD index was calculated after a 12-week

intervention.

Secondary. SCORAD index was calculated (all other vis-
its) that included: IDQoL-score [18], gastrointestinal

Extensively hydrolysed formula with L. paracasei (CNCMI-2116) |

Extensively hydrolysed formula with B. lactis (CNCMI-3446) |

Randomised

Extensively hydrolysed formula with Placebo

Run-in period on skin care

Exclusively breastfed observational group

Observational

Standard formula-fed observational group

Week -2 Week 0 Week 4 Week 8 Week 12 Age 12 months Age 18 months Age 36 months
Baseline visit Visit 1 Visit 2 “Visit 3” Visit 4 Visit 5 Visit 6 Visit 7
(age 2—6 months) (age 3—6 months) (age 47 months) (age 5-8 months) (age 6-9 months) (age 12 months) (age 18 months) (age 36 months)

SCORAD
IDQoL

SCORAD, IDQoL
Stool microbiology
GI-Permeability
Specific serum IgE
Urinary EPX

SCORAD
Stool

Telephone contact:
Information on
adverse events and
feeding habits

SCORAD, IDQoL
Stool
GI-Permeability
Specific serum IgE
Urinary EPX

SCORAD, IDQoL
Stool

Urinary EPX
Respiratory
Questionnaire

SCORAD, IDQoL
Skin prick test
Respiratory
Questionnaire

SCORAD, IDQoL
Skin prick test
Respiratory
Questionnaire

Fig. 1. Study visits and timelines.
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permeability, urinary eosinophilic protein X (U-EPX),
presence/absence of study strains in stools, prevalence
of sensitization; symptoms of allergic disease at age 12,
18 and 36 months.

Clinical outcome measurements

Eczema severity. The SCORAD index (described else-
where [17]) was used to document eczema severity;
three trained researchers performed all assessments for
the study (C. G., G. K. and K. J.).

Infant dermatitis quality of life index [18]. Ten-item
questionnaire (Likert-scale) was used for assessing main
domains of an infant’s life.

Respiratory and allergic symptoms. Respiratory and
allergic symptoms were assessed (age 12, 18,
36 months) using an interviewer-administered validated
respiratory questionnaire [19].

Allergic sensitization. Specific serum IgE (cows’ milk,
egg, peanut, house-dust-mite, cat, dog; ImmunoCAP™,
Phadia, Uppsala, Sweden) was measured immediately
pre- and post-intervention. Sensitization was defined as
specific IgE >0.35 kU/L.

Skin-prick-testing was performed to cows’ milk, egg,
wheat, soya, dust mite, cat, dog, grass pollen (age 18,
36 months). Sensitization was defined as weal measure-
ment >3 mm.

Urinary eosinophilic protein X. Urinary eosinophilic
protein X was measured by immunofluorometric assay
(detection limit <0.5 pg/L; Phadia, Uppsala, Sweden).
As total urine volumes were unknown, we measured
urinary creatinine and expressed results as U-EPX/cre-
atinine ratio (ug/mmol).

Gastrointestinal permeability testing. Lactulose/manni-
tol dual sugar test was used according to abbreviated
protocol [20]: infants received the test solution (5 g
lactulose, 1 ¢ mannitol in 50 mL water) after >3-h
fast after which, only water for next two hours.
Urine sample was collected after >60 min; lactulose
and mannitol were quantified by high performance
liquid chromatography with pulsed amperometric
detection [21]; lactulose/mannitol excretion-ratio was
calculated.

Detection of probiotic study strains in faeces. Bacterial
DNA was extracted from fecal samples, target bacte-
rial sequences were amplified by PCR and bacterial
profiles were produced using denaturing gradient
gel electrophoresis [22]. Profiles of lactic acid bacte-
ria in samples were obtained using group-specific

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-11

primers (lactobacilli: Lac-Primers [22]; bifidobacteria:
Tal-Primers [23]). Each study species was considered
present if it was not detected prior to commen-
cement of the study-diet, but detected after 4 and
12 weeks of supplementation with the probiotic
strains.

Adverse events. The adverse events were recorded by
type, seriousness and relation to study product.

Sample size

Sample size calculation was based on SCORAD index. A
previous report [24] suggested a high correlation
between baseline and outcome (0.76-0.93), with a stan-
dard deviation in SCORAD increments of 7.65. A treat-
ment effect of five SCORAD points was considered
clinically relevant. To achieve 80% power, choosing
o = 0.05 (two-sided), 38 patients per diet-group were
required. Forty-two infants were recruited per treatment
group to allow for 10% dropout.

Randomization

The minimization method was applied to allocate sub-
jects to study groups applying breastfeeding, family
history and initial SCORAD index as stratification
factors (TrialBalance® randomization programme; Nes-
tec, Lausanne, Switzerland). The powders in study
sachets were indistinguishable in taste and appear-
ance (masking had been performed at source by sup-
plier). Study visits were identical for all infants

(Fig. 1).

Statistical methods

Formal hypothesis testing was only possible for ran-
domized groups. Results are presented separately for
randomized and observational groups. Primary analysis
was intention-to-treat. Skin treatment was included
in the analysis as follows: (1) combination of topical
steroids (TS), emollients (>2x/day) and bath emo-
llient (yes/no); (2) skin-care intensity (emollients
vs. mild TS vs. moderately potent TS/calcineurin
inhibitors).

Data were normalized, where possible, and are
presented as geometric mean with 95% confidence inter-
vals (G. M., 95% CI) if log-normalized, and if square-root
transformed, as de-transformed mean (SQM) with 95%
CL. We used ANCOVA to correct for the outcome values
at randomization, breastfeeding and family history. For
dichotomous outcomes, logistic regression and multiple
logistic regression analyses were used. The statistical
packages SAS (8.1) and SPSS (15.0) (SPSS Inc., Chicago,
IL, USA) were used for data analysis.
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(Table 1). During the run-in period, both eczema severity
and QoL improved significantly (SCORAD, SQM [95%
CI]: 29.9 [28.2-31.7] to 24.7 [23.2-26.2]; IDQoL, SQM
[9590 CI]: 5.7 [5.1-6.3] to 4.3 [3.8—4.7], baseline and after
Of 328 referred infants, 208 were eligible for inclusion in run-in respectively, both P < 0.001).

the study after the run-in period and allocation to treat-
ment groups (Fig. 2). There were no significant differ-
ences between randomized groups in age, gender,
parental education/age, ethnicity, eczema severity, prev- The SCORAD score decreased significantly over time
alence of partial breastfeeding and atopic family history (Fig. 3, Table 2). There was no significant difference in

Results

Participant flow

Primary outcome

328 infants screened

35 declined —>| 21 exclusion criterion (>1) |
A 4

272 infants met the inclusion criteria

46 declined 18 SCORAD <10
A

| 208 enrolled |

Week 0 i i

Week -2
Baseline visit
(BL)

Enrolment 137 randomised 71 observational
Visit (V1) l l i i i
45 45 47 22 continued || 49 continued
L. paracaseii B. lactis Placebo exclusive established
CNCMI-2116 || CNCMI-3446 breast-feeds std. formula
. 3 withdrawn
4 withdrawn | g . _._ . _._. _ | .
24 study diet stopped « > 61 i;‘;g;gfit;iapped
Week 12 A 4 A 4 A A 4 A 4
End of stud 43 (35%) | 44 (36) | | 46 (38) | | 22 20) | | 46 (41) |
Diet (V. 4)y *as perprotocol
1 withdrawn/lost to - - - |
follow-up
A4 A\ 4 A4 A4 A4
Age I(ZV';‘)"M"S | 43 (34) | | 43 (35) | | 46 (37) | | 22 20) | | 46 (41) |
5 withdrawn/lost to g | 1 withdrawn/
follow-up =P lost to follow-up
v \4 ‘} A A 4
Age I?V'z;’“ths | 42 (33) | | 40 (34) | | 45 (36) | | 21 (19) | | 46 (41) |
16 withdrawn/lost to - - - _ | | 10 withdrawn/
follow-up lost to follow-up
v v v v y
35(29) 36 (31) 40 (33) 19 (17) 38 (34)
Age 3?‘1;;()"1“15 L. paracaseii B. lactis Placebo exclusive established
CNCMI-2116 || CNCMI-3446 breast-feeds std. formula

Fig. 2. Schematic representation of trial profile. Completion of intervention as per protocol (PP; defined as completing supplementation period and
attending Visit 1 to/including Visit 4): randomized group (R), 109/137 (80%); formula-fed observational (FF), 41/49 (84%); breastfed observational
(BF), 20/22 (919%). Reasons for not completing as per protocol (not PP): formula side effects (R: 20/137, FF: 0/49); non-compliance with diet (R: 5/
137, FF: 5/49, BF: 1/22); withdrawn/lost (R: 4/137, FF: 3/49, BF: 0/22); missed post-intervention visit (R: 2/137, FF: 0/49, BF: 1/22). PP vs. not
PP: no significant differences at enrolment for: parental age/education/ethnicity/history of atopy; infant gender/eczema severity (SCORing Atopic
Dermatitis, SCORAD)/sensitization.

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-11
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Fig. 3. (a) Randomized groups; (b) observational groups. Differences
in eczema severity between study groups. Decrease in SCORing Atopic
Dermatitis (SCORAD) over time in the five different groups (intention
to treat, uncorrected data shown). Overall significant change in SCO-
RAD over time, P < 0.001. No difference in pattern of change over
time, P = 0.76.

the magnitude of reduction among the three groups from
randomization to the end of intervention/supplementa-
tion. There was no significant treatment effect when the
analysis was controlled for allergic sensitization, or when
only sensitized infants were included. No difference
between groups was observed when only infants were
included, who completed the study as per protocol, or
who completed as per protocol and had microbiological
evidence of the study strains in their stool.

Secondary outcomes

Eczema severity. There was no significant difference in
SCORAD score between randomized groups at any
time-point up to age 3 years (Fig. 3a, Table 2). No ste-
roid sparing effect, evaluated for frequency of use and

potency of TS, was observed between groups. In addi-
tion, eczema severity did not appear to differ in the
observational groups (Fig. 3a and b).

Infant quality of life. Quality of life improved in all
groups over time and no significant difference between
randomized groups up to age 3 years was observed.

Allergic sensitization. Paired serum samples (pre-/post-
intervention) were available from 62/137 (45%) ran-
domized infants. The overall prevalence of allergen sen-
sitization was 58% at randomization and 60% post-
intervention. There was no significant effect of probiot-
ic treatments on the prevalence of allergen sensitization
post-intervention.

Presence/absence of study strains. At enrolment, either
study species was detected in only 3/208 infants.
During supplementation (infants with complete sample-
series), L. paracasei was present in 26/42 (65%) and B.
lactis in 22/42 (52%). At age 1 year, none had evidence
of L. paracasei in the faeces (3—6 months post-supple-
mentation); B. lactis was detected in three infants (two
in B. lactis group).

Urinary eosinophilic protein X. We found no correlation
between U-EPX-levels and eczema severity (SCORAD),
and no significant difference between treatment groups
at any visit.

Gastrointestinal permeability. Results from infants who
were administered the L/M-permeability test as per test
protocol were analysed. No significant differences
between groups were found.

Symptoms suggestive of allergic disease at age
1-3 years

There was no difference between randomized groups in
numbers of children with doctor-diagnosed asthma or
prevalence of wheeze at age 12, 18 or 36 months. There
was no difference in the prevalence of other respiratory
or nasal symptoms at age 1 year. Infants in the placebo
group had the lowest prevalence of eye symptoms (itch-
ing/redness) at age 12 months (itching: 7% vs. 27% B.
lactis and 33% L. paracasei, P = 0.008; redness: 4% vs.
23% and 28% respectively, P = 0.009). This effect did
not persist at later visits.

Adverse events. At randomization, infants were
switched to extensively hydrolysed formula together
with either probiotic- or placebo-sachet. At the 4-week
visit, 42/137 (30.7%) parents reported some difficulties
(e.g. green loose stools, increased vomiting, feed-refusal

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-11
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or colic) related to the change in formula and 24/137
(17.5%) stopped the study formula.

Discussion

6/45 [13]

observational
6/45 [13]
2[4]

Formula-fed

We have shown that the two probiotic study strains, B.
lactis CNCM 1-3446 and L. paracasei CNCM [-2116, do
not provide any additional benefit to topical treatment
of eczema in young infants. Our findings contradict
previous reports on probiotic treatment efficacy in
infant eczema. Unlike others, we could not demonstrate
a beneficial effect of B. lactis as an eczema treatment
adjunct [11], and we have established that there is no
treatment role for L. paracasei in our study conditions.
In addition, we can report that neither strain affects the
resolution of eczema nor prevents progression of aller-
gic disease. To our knowledge, we are the first to report
on longer term follow-up of an early-life probiotic
treatment intervention, although longer follow-up on
probiotic primary prevention trials has been reported
[25].

We recruited very young infants to minimize con-
founding effects of age, natural history of eczema and
feeding practice. No infant had symptomatic IgE-medi-
ated food allergy or gastrointestinal symptoms at enrol-
ment and all had chronic eczema (>6 weeks), which
significantly improved, but persisted after a run-in per-
iod on standardized skin treatment. Considering key
factors which might influence outcomes, randomization
was stratified according to eczema severity, atopic fam-
ily history and partial/no breastfeeding.

observational
7122 [32]
8/22 [36]
6/22 [27]

Breastfed

P-value
(randomized
groups)”
0.008

0.009

0.77

Placebo
3/46 [7]
2/46 [4]
6/46 [13]
= 0.06.

B. lactis
11/43 [27]
10/43 [23]
8/43 [19]

Limitations

The study design does not allow formal hypothesis test-
ing to assess the effect of extensively hydrolysed whey
formula vs. standard formula. The open design of the
observational group may predispose to selection bias
and explain apparently lower SCORAD scores in these
groups. This did not affect the main study objective —
to establish the effectiveness of two probiotic strains
compared with placebo in the treatment of infantile
eczema.

Stratification according to sensitization would have
been desirable as sensitization was common (58%) and
recent studies show that probiotic effects may be lim-
ited to sensitized patients [26]. This information was
not available when the study was designed, but should
be considered for future probiotic trials. However, the
outcomes remained similar when we included only sen-
sitized infants into a post hoc statistical analysis,
although the numbers were smaller and statistical
power was reduced.

We confirmed the presence of both study strains in
stool samples during supplementation using reliable

L. paracasei
12/43 [28]
7/43 [16]

14/43 [33]
0.07; placebo vs. B. lactis/L. paracasei/Formula obs. P

Visit
*Presented numbers of infants receiving combination of topical steroids (TS), emollients (>2x/day) and bath emollient.

5
5
5

N available
for analysis
(all groups)

199
199
200

‘Frequently itchy eyes’
‘Frequently red eyes’

Food allergy diagnosis
SSensitized (specific IgE >0.35 kU/L to any allergen); sensitization data shown on all infants from whom >1 blood sample (Visit 1 and/or Visit 4) or >1 allergy skin-prick test result (Visit 6

ANCOVA corrected for breastfeeding at enrolment, family history of allergic disease, concomitant TS use, pre-intervention values of SCORAD, IDQoL, EPX, GI-permeability, respectively. Pre-
and/or Visit 7) was available. Chi-square analysis on paired samples [n = 85] and unpaired samples [both NS].

Results of intention-to-treat analysis including ONLY the randomized groups. (NB: as two open observational groups were included, no formal conclusions could be drawn and no analysis was
intervention scores/levels were the only significant determinants for later values.

performed.)

Definition of values shown for each primary/secondary outcome in first column (n = number or value unit [% or 95% CI]). Statistical analysis: hypotheses as detailed in methods.

ISamples included if test completed as per test protocol (urine collected >75 min post-drink, no food during test period, 50 mL test solution given).

Placebo vs. Bifidobacterium lactis/Lactobacillus paracasei P
As per respiratory questionnaire; diagnosis = doctor confirmed.

Table 2 (continued)

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-11
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nucleic acid-based methods documenting prior expo-
sure, subsequent transient persistence of the study
strains and compliance with the intervention. The tech-
nique detects bacterial DNA and does not allow conclu-
sions regarding strain viability; however, several studies
have previously shown that both study probiotics sur-
vive gastrointestinal transit [27, 28].

In keeping with its natural history [29], eczema
severity decreased significantly with time in all groups,
and in parallel, IDQoL improved. We found no signifi-
cant probiotic effect on clinical and laboratory out-
comes at any time-point, nor evidence that the studied
probiotics alter the natural history of allergic disease or
play a role in secondary prevention of respiratory
allergy.

Lactobacillus paracasei was chosen for this trial based
on the promising in vitro and in vivo murine experi-
mental results [7]. It elicited favourable cytokine
responses (e.g. inhibition of pro-inflammatory cytokines
IL-4, IL-5 and IFN-y) and induced T-regulatory cell-like
population, which produced substantial levels of IL-10
and TGF-B. As all these cytokines have been implicated
in eczema-pathogenesis, we hypothesized that such
effects could be translated into clinical improvement in
eczema severity; this was, however, not observed.

Significant improvements of infant eczema after
treatment with B. lactis Bb12 (also known as B. lactis
CNCM 1-3446) versus placebo were reported in two
small studies; both included a highly selected, exclu-
sively breastfed group of infants over half of whom
had concomitant gastrointestinal symptoms suggestive
of cow’s milk allergy [11, 24]. We could not confirm
the beneficial findings using the same strain although
the number of infants was higher in our study. Study
populations differed, however, as infants in our study
had established eczema, no active intestinal symptoms
and were consuming at least 200 mL standard formula/
day at enrolment.

Several other studies have reported beneficial probi-
otic treatment effects (various strains, used singly or in
combination) on eczema severity in infancy [10, 24, 26,
30-32]. In two of these, a significant effect was only
evident in subgroup analyses including sensitized chil-
dren only [26, 32]; in another, the effect was present in
all, but stronger in sensitized children [31]; post hoc
analysis did not confirm this association in our study.
The contradictory findings may be due to different
mechanisms of action of selected probiotic strains, the
combinations used, or selection of different study popu-
lations with possibly different underlying immune
responses. Several studies showing no beneficial effect
of probiotics on established eczema have been pub-
lished [33-35]. Notably, Lactobacillus rhamnosus GG
did not elicit beneficial effects in two studies in contrast
to earlier published work [24].

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-11

The controversy around probiotic eczema treatment
extends to two recent meta-analyses reporting different
— opposing — conclusions [14, 15]. A likely reason for
the inconsistent findings is the obvious heterogeneity
of published trials, which include different strains, com-
bination of strains, variations in age, cultural and
genetic backgrounds and allergic co-morbidities, mak-
ing direct comparison and data-interpretation difficult.

We chose young infants aged 3-6 months, as we
hypothesized that the window of opportunity for achiev-
ing an immune-modulating effect via the intestinal mic-
robiota was in early life. It is possible that even at this
young age, irreversible immunological events had taken
place and that our intervention, although early, was in
fact too late. The fact that 60% of infants were already
allergen-sensitized would underpin this assumption.

If probiotics are considered further for the treatment
of eczema, the precise immunological effects in humans
and the variation of effects between individuals need to
be understood better for optimal strain selection. Recip-
ients may need to be selected based on phenotypic and
possibly genotypic characteristics.

In conclusion, we found no benefit from early life
supplementation with B. lactis or L. paracasei in the
treatment of eczema, when given as an adjunct to basic
topical treatment, and no effect on the progression of
allergic disease up to age 3 years.
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