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Dietary Treatment with Extensively Hydrolyzed Casein Formula Containing
the Probiotic Lactobacillus rhamnosus GG Prevents the Occurrence of
Functional Gastrointestinal Disorders in Children with Cow's Milk Allergy

Rita Nocerino, RN'?, Margherita Di Costanzo, MD'+?, Giorgio Bedogni, MD, PhD?, Linda Cosenza, MD'?,
Ylenia Maddalena, MD"?, Carmen Di Scala, RDN', Giusy Della Gatta, RDN'-?, Laura Carucci, MD"?, Luana Voto, RDN',
Serena Coppola, RDN"?, Anna Maria lannicelli, RN, and Roberto Berni Canani, MD, PhD"-%*°

Objective To investigate whether the addition of the probiotic Lactobacillus rhamnosus GG (LGG) to the exten-
sively hydrolyzed casein formula (EHCF) for cow’s milk allergy (CMA) treatment could reduce the occurrence of
functional gastrointestinal disorders (FGIDs).

Study design This cohort study included children with a positive history for CMA in the first year of life who were
treated with EHCF alone or in combination with LGG and had evidence of immune tolerance acquisition to cow’s
milk for at least 12 months. FGID was diagnosed according to the Rome Ill diagnostic criteria by investigators un-
aware of previous treatment. A cohort of consecutive healthy children was also evaluated as a control population.
Results A total of 330 subjects were included, 110 per cohort (EHCF, EHCF+LGG, and healthy controls). The rate
of subjects with >1 FGID was significantly lower in the EHCF+LGG cohort compared with the EHCF cohort (40% vs
16.4%; P < .05). In the EHCF+LGG cohort, a lower incidence was observed for all components of the main study
outcome. The prevalence of FGIDs in the healthy cohort was lower than that in the EHCF cohort and similar to that in
the EHCF+LGG cohort. The incidence rate ratio of FGIDs for the EHCF+LGG cohort vs the EHCF cohort (0.40; 95%
Cl, 0.25-0.65; P < .001) was unmodified after correction for age at CMA diagnosis, breastfeeding, weaning time, and
presence of a first-degree relative with an FGID.

Conclusions These results confirm the increased risk for developing FGIDs in children with CMA and suggest that
EHCF+LGG could reduce this risk. (J Pediatr 2019; l:1-6).

unctional gastrointestinal disorders (FGIDs), defined as a variable combination of chronic or recurrent gastrointestinal

symptoms that cannot be explained in terms of structural or biochemical abnormalities, are a very common problem in

childhood.' FGIDs are the result of any combination of motility disturbance, visceral hypersensitivity, altered mucosal
and immune function, altered gut microbiota, and altered central nervous system processing.” There is increasing evidence sug-
gesting that FGIDs can result from immune system dysregulation and gut microbiota dysbiosis.”®

Cow’s milk allergy (CMA) is a common food allergy in early childhood, with an estimated prevalence of 2%-3%.” CMA usu-
ally occurs in the first months of life and is associated with gastrointestinal inflammation and gut dysbiosis.'’ There is an
emerging evidence pointing to CMA as a predisposing condition in patients with FGIDs.'' "> Genome-wide association studies
have identified single nucleotide polymorphisms common to allergies that confer a risk for FGIDs.'®"'® This evidence indicates
the importance of effective strategies to prevent FGIDs in children with CMA.

Dietary intervention with extensively hydrolyzed casein formula (EHCF) supplemented with the probiotic Lactobacillus
rhamnosus GG (LGG) has shown benefits in decreasing inflammation and gastrointestinal symptoms in children with
CMA," as well as in reducing the duration of disease and the occurrence of other
allergic manifestations later in life.””** Multiple mechanisms might be respon-

sible for these clinical effects, including a positive effect on gut dysbiosis and From the "Department of Translational Medical Science,
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The present study was designed to test whether a dietary
intervention with EHCF supplemented with LGG could in-
fluence the occurrence of FGIDs later in life in children
who have outgrown CMA.

This prospective, open, nonrandomized trial was conducted
from February 2013 to June 2018 in a cohort of potentially
eligible children (both sexes, aged 4-6 years) with a previous
positive clinical history of CMA still receiving follow-up for
scheduled auxologic controls at a tertiary center for pediatric
allergies. At enrollment, all subjects were in stable clinical
condition, with no symptoms related to CMA. The inclusion
criteria were children with a diagnosis of CMA obtained in
the first year of life with the double-blind placebo-controlled
food-challenge reference method, treated with EHCF (Nu-
tramigen; Mead Johnson Nutrition, Chicago, Illinois) or
EHCF containing the probiotic LGG (Nutramigen LGG;
Mead Johnson Nutrition); gastrointestinal symptoms at
CMA diagnosis; and oral challenge-proven evidence of
acquisition of oral tolerance to cow’s milk proteins from at
least 12 months before enrollment. According to the manu-
facturer, the LGG concentration in the EHCF + LGG formu-
lation is 2.5 x 107 to 5 x 10® colony-forming units (CFU)/g,
and the guaranteed LGG concentration is 1.46 x 10’ CFU/
100 mL (1 x 10°® CFU/g).

Patients who had been treated with other prebiotic or
probiotic products and/or antibiotics in the previous 3 months
and those with other food allergies, other allergic diseases,
eosinophilic disorders of the gastrointestinal tract, chronic
systemic diseases, congenital cardiac defects, active
tuberculosis, autoimmune diseases, genetic diseases and chro-
mosomal abnormalities, primary or secondary immunodefi-
ciencies, chronic inflammatory bowel diseases, celiac disease,
lactose intolerance, obesity, autism, neuropsychiatric disor-
ders, evidence of Helicobacter pylori infection, cystic fibrosis,
metabolic diseases, malignancy, chronic pulmonary diseases,
malformations of the gastrointestinal and/or respiratory tract,
history of gastrointestinal tract surgery, insufficient reliability
or presence of conditions making the patient’s compliance
with the protocol unlikely, and participation in other studies
were excluded.

During the same study period, consecutive healthy sex and
age-matched children with a negative clinical history for any
allergic condition and not at risk for atopic disorders (no
first-degree family member affected by allergy) who were
visiting our center because of minimal surgical procedures
or vaccination program were also enrolled. Only subjects
who met the inclusion criteria were invited to participate in
the study.

Ethics

The study protocol, subject information sheet, informed con-
sent form, and clinical chart were reviewed and approved by
the Ethics Committee of the University of Naples Federico II.
The study was conducted in accordance with the Declaration
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of Helsinki (Tokyo revision, 2004), according to Good Clin-
ical Practice standards (CPMP/ICH/135/95), and the current
Decree Law 196/2003 regarding personal data and all the
requirements set out in the European regulations on this
subject. The study has been registered in the Clinical
Trials Protocol Registration System (ClinicalTrials.gov
NCT01901380).

Data Collection

At baseline, after obtaining informed consent from the
parent/guardian of each child, the clinical status of all study
subjects was carefully assessed by a multidisciplinary team
comprising pediatricians, pediatric gastroenterologists, pedi-
atric nurses, and dietitians to exclude those with concomitant
comorbidities. The presence of infectious diseases or other
diseases was ruled out by means of a complete physical exam-
ination, including vital signs, neurologic status, growth sta-
tus, nutritional status, hydration, skin evaluation, otoscopy,
evaluation of oral cavity, respiratory/abdomen/lymph node
examination, and genital examination.

Anamnestic, demographic, and clinical data (including
data related to CMA); information on sociodemographic fac-
tors, family, and living conditions; parental history of allergic
diseases and FGIDs; maternal smoking during pregnancy and
environmental tobacco smoke exposure; number of siblings;
and pet ownership were obtained from the parents of each
child, collected in a specific clinical chart, and entered into
the study database.

Two pediatric gastroenterologists, unaware of previous
treatment for CMA and blinded to the study cohorts and study
aims, performed a full clinical evaluation and submitted the
validated questionnaires on the Rome III diagnostic criteria
(QPGS-RIII)* to the parents to establish a possible diagnosis
of FGID. In case of discordance regarding the presence of
FGID, a further evaluation was performed by a third pediatric
gastroenterologist. To conduct the study, the QPGS-RIII was
translated into the Italian language. Focus groups of parents
attending primary care clinics confirmed their understanding
of the questionnaire. Consenting parents received information
on the definitions of terms and symptoms of FGIDs before
completing the QPGS-RIII Italian version.

Before the start of the study, all the involved researchers at-
tended an investigator meeting in which the study protocol
was described and the procedures and definitions were
shared. All study procedures and assessments were per-
formed as shown in Figure 1 (available at www.jpeds.com).

Data Quality Assurance
All data were recorded anonymously. At the study center,
designated investigators were required to enter all collected
data in a case report form. Two researchers performed sepa-
rate checks of data completeness, clarity, consistency, and ac-
curacy and instructed site personnel to make any required
corrections or additions.

Using a single data-entry method, all data recorded in the
case report form were entered in the study database by the
same researcher. Then the study dataset was reviewed, and
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Table I. Characteristics of the study population

Healthy
Characteristics EHCF EHCF+LGG controls
Number of subjects 110 110 110
Male sex, n (%) 65 (59.1) 65 (59.1 66 (60)
Cesarean delivery, n (%) 65 (59.1) 75 (68.2 70 (63.6)

)
( (68.2) (
Term born, n (%) 99 (90) 94 (85.5) 98 (89.1)
( (63.6) (

Breastfed for 79 (71.8) 70 (63.6 78 (70.9)
at least 2 months, n (%)
Age at weaning, 5 (4-6) 5 (4-6) 5 (4-6)

mo, median (IQR)
Siblings, n, median (IQR) 1
Familial risk for allergy, n (%) 81
FGID in first-degree 41
relatives, n (%)

Exposure to passive 34 (30.9) 31(28.2) 30 (27.3)
smoking, n (%)
Maternal smoking 30 (27.3) 27 (24.5) 28 (25.5)
during pregnancy, n (%)
Exposure to pets, n (%) 21 (19.1) 12 (10.9) 15 (13.6)
Immunoglobulin E-mediated 45 (40.9) 36 (32.7)
CMA mechanism, n (%)
Age at CMA diagnosis, 4 (2-8) 4 (2-9) —
mo, median (IQR)
Gastrointestinal symptoms at 110 (100.00 110 (100) —
CMA onset, n (%)
Cutaneous symptoms at 44 (40.0) 33 (30) —
CMA onset, n (%)
Respiratory symptoms at 10 (9.1) 8 (7.3 —
CMA onset, n (%)
Age at acquisition of immune 32 (18-38) 24 (15-34)* —
tolerance to CMP,
mo, median (IQR)
Age at completion of 59 (54-67) 61 (56-66) 60 (56-64)

QPGS-RIIl questionnaire,
mo, median (IQR)

CMP, cow’s milk proteins.
*P < .05, EHCF+LGG vs EHCF.

data cleaning and verification were performed according to
standard procedures. Once the databases was deemed com-
plete and accurate, it was locked, and the statistical analysis
was performed.

Study Outcomes

The primary outcome was the incidence of any FGIDs, as
defined by Rome III diagnostic criteria,”® in children who
had outgrown CMA.

Sample Size

We calculated that 110 subjects with a previous double-blind
placebo-controlled food-challenge—confirmed CMA diag-
nosis per group were needed to detect a difference of 0.18
in the incidence of FGIDs in the EHCF+LGG cohort vs the
EHCF cohort (Pearson x” test) at an « level of 0.05 and
with a power of 0.80, under the expectation of an incidence
of 0.44 in the EHCF+LGG group and 0.26 in the LGG group.

Statistical Analyses

Most continuous variables were not Gaussian-distributed, and
all are reported as 50th percentile (median) and 25th and 75th
percentiles (IQR). Discrete variables are reported as the num-
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ber and proportion of subjects with the characteristic of inter-
est. A Poisson working regression model (PWRM) with robust
95% Cls was used to estimate the incidence of and predictors
of FGIDs. (A PWRM was used because a binomial regression
model failed to converge for some of the models of interest. As
expected, the estimates made by the binomial regression
model and by the PWRM agreed in all cases in which the 2
converged). Univariable and multivariable PWRMs were
used to evaluate the associations of FGIDs (discrete; 0 = no,
1 = yes) with potential predictors in 4 prespecified models
with the following predictors: (M1) the formula used to treat
previous CMA (discrete; 0 = EHCF, 1 = EHCF + LGG); (M2)
asinmodel M1 plus sex (discrete; female = 0, male = 1) and age
at diagnosis of CMA (continuous, in months); (M3) as in
model M2 plus breastfed for 22 months (discrete; 0 = no,
1 =yes); and (M4) as in model M3 plus a first-degree relative
with an FGID (discrete; 0 = no, 1 = yes). Multivariable frac-
tional polynomials were used to verify that the multivariable
associations of age and weaning with FGIDs were linear.”’
Marginal probabilities of FGIDs for the EHCF and
EHCF+LGG cohorts were calculated from the PWRM model
MI1. The same probability was calculated separately for the
healthy children.”® Exact Poisson regression was used to eval-
uate the associations of FGID components with formula use
(discrete; 0 = EHCF, 1 = EHCF + LGG).”” (Here exact Poisson
regression was used because of the unreliability of the asymp-
totic approximation in the presence of a small number of
events). The duration of follow-up was taken into account
by all the PWRM models as “exposure time”. All statistical an-
alyses were performed using Stata 15.1 (StataCorp, College
Station, Texas).

The flow of the subjects during the study is reported in
Figure 2 (available at www.jpeds.com). A total of 467
consecutively potentially eligible children were contacted
and invited to participate to the study, of whom 52 refused
to participate. The remaining 415 subjects were examined
for eligibility, and 85 were excluded because of the presence
of exclusion criteria, leaving a total of 330 children, 110 each
in the EHCF, EHCF+LGG, and healthy control cohorts. All
the children were from families of middle socioeconomic
status and lived in urban areas. Baseline demographic and
anamnestic features were similar among the 3 study cohorts,
with the exception of the time of immune tolerance
acquisition, which was reduced in the EHCF+LGG cohort
compared with the EHCF cohort (Table I).

Table II reports the number and proportion of incident
cases of FGIDs in the 3 cohorts. Figure 3 plots the
incidence rates of FGIDs in the EHCF+LGG and EHCF
cohorts as estimated by the PWRM, taking into account
the follow-up time. The absolute incidence of FGIDs was
0.40 (robust 95% CI, 0.31-0.50) in the EHCF cohort and
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Table II. Number and proportion of incident cases of
FGIDs in the 3 cohorts

Healthy
FGIDs EHCF EHCF+LGG controls
Total number 110 110 110
At least 1 FGID, n (%) 44 (40.0) 18 (16.4) 23(20.9)
Cyclic vomiting, n (%) 2(1.8) 1(0.9) 2(1.8)
Functional diarrhea, n (%) 0(0.0) 0(0.0) 40 (0.0)
Functional dyspepsia, n (%) 14 (12.7) 4 (3.6) 4(3.6)
Rumination syndrome, n (%) 0 (0.0 0(0.0) 0(0.0
Irritable bowel syndrome, n (%) 6 (5.5) 5 (4.5) 3(2.7)
Constipation, n (%) 18 (16.4) 7 (6.4) 11 (10.0)
Abdominal pain, n (%) 18 (16.4) 8(7.3) 6 (5.5)
Abdominal migraine, n (%) 0(0.0) 0(0.0) 0(0.0)
Aerophagia, n (%) 8 (7.3 7 (6.4) 6 (5.5)
Nonretentive fecal incontinence, 2(1.8) 1(0.9 2(1.8)

n (%)
J

0.16 (robust 95% CI, 0.09-0.23) in the EHCF+LGG cohort.
This corresponds to a relative risk difference of —60%
(95% CI, —79% to —40%) for EHCF+LGG vs EHCF
(P < .001). In comparison, the incidence rate of FGIDs in
the healthy cohort was 0.21 (robust 95% CI, 0.12 to 0.29),
lower than that seen in the EHCF group and closer to that
of the EHCF+LGG group (data not plotted).

Table III displays the association between formula use and
the incidence of FGIDs in the EHCF+LGG cohort vs the LGG
cohort as estimated by PWRM, taking into account the
duration of follow-up. The incidence rate ratio (IRR)
associated with use of the EHCF+LGG formula vs the LGG
formula (IRR, 0.40; 95% CI, 0.25-0.65) was virtually
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unmodified after correction for age at CMA diagnosis
(model M2), after further correction for breastfeeding and
weaning duration (model M3), and, finally, for having a
first-degree relative with an FGID (model M4).

In the EHCF+LGG cohort, a lower incidence was observed
for all components of the main study outcome. The IRRs of
the single components of FGIDs in the EHCF+LGG cohort vs
the LGG cohort (exact Poisson regression, taking into
account the follow-up time) were 0.49 (exact 95% CI, 0.01-
9.48; P = .99) for cyclic vomiting, 0.28 (exact 95% CI, 0.07-
0.90; P = .03) for functional dyspepsia, 0.82 (exact 95% ClI,
0.20-3.24; P = .98) for irritable bowel syndrome, 0.38 (exact
95% CI, 0.14-0.96; P = .04) for constipation, 0.44 (exact 95%
CL, 0.17-1.06; P = .07) for abdominal pain, 0.86 (exact 95%
CI, 0.27-2.73; P = .98) for aerophagia, and 0.49 (exact 95%
CI, 0.01-9.48; P = .99) for nonretentive fecal incontinence.

The results of the present cohort study confirm a higher inci-
dence of FGIDs in children with a history of CMA in the first
months of life compared with children without a positive his-
tory of CMA. These findings support the hypothesis that pro-
longed gastrointestinal inflammation during an early period
of neuronal plasticity may facilitate the occurrence of altered
enteric nervous system hypersensitivity and dysmotility.'*"”

We found that dietary intervention with EHCF+LGG
could influence the occurrence of FGIDs in children aged 4-
6 years who had outgrown CMA. In particular, a significant
difference between the EHCF and the EHCF+LGG groups

51 P<.001

Incidence rate of FGIDs
w
|

ECHF

ECHF+LGG

Cohort

Figure 3. Incidence rates of FGIDs in the EHCF and EHCF+LGG cohorts. Values are mean and 95% Cl as estimated by a robust

PWRM using the duration of follow-up as the exposure time.
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Table III. IRRs for the association between formula use and FGIDs
Variables Model M1 Model M2 Model M3 Model M4
EHCF 1.00 1.00 1.00 1.00
EHCF+LGG 0.40 (0.25-0.65)" 0.40 (0.25-0.65)" 0.41 (0.25-0.65)* 0.40 (0.25-0.64)"
Age at CMA diagnosis, mo 1.09 (1.04-1.13)* 1.09 (1.04-1.14) 1.08 (1.04-1.13)"
Male sex 0.62 (0.42-0.92)" 0.62 (0.42-0.92)" 0.62 (0.42-0.92)*
Breastfed for >2 mo 1.07 (0.70-1.63) 1.07 (0.72-1.61)
Weaning, mo 0.91 (0.77-1.08) 0.93 (0.79-1.11)
First-degree relative with FGIDs 1.41 (0.94-2.09)
Number of observations 220 220 220 220 )
\

Values are IRRs and 95% Cls as estimated by a robust PWRM using duration of follow-up as the exposure time.

*P < .001.
1P < .05.

was observed for the most common forms of FGIDs observed
in children with CMA: functional dyspepsia, functional con-
stipation, and functional abdominal pain.''""> Multiple
mechanisms might be responsible for this protective effect,
including a positive epigenetic regulation of immune and
nonimmune gene expression and of gut microbiota structure
and function (ie, increased production of the short-chain
fatty acid butyrate), as was recently demonstrated in children
receiving this dietary regimen.”” > In particular, the increased
butyrate production could be relevant, considering that this
gut microbiota-derived metabolite has been proposed for
the management of FGIDs,’>?! and that it is able to shape
gastrointestinal tract motility, as well as visceral and central
pain perception, also through epigenetic mechanisms.””**

All these findings support the hypothesis of a pivotal role
for gut microbiota dysbiosis and consequent alterations of
intestinal immune and nonimmune functions in the patho-
genesis of FGIDs,” and for the potential for LGG use to pre-
vent these conditions in children with CMA.

Our study has several strengths. It included a large sample
of children with a previous confirmed diagnosis of CMA fol-
lowed by specialists at a tertiary pediatric allergy center with a
high follow-up rate, the FGID diagnosis was performed by
pediatric gastroenterologists, and the effect on the primary
outcome was clinically relevant. Another strength is the avail-
ability of a cohort of healthy children, which, although the
study was not designed to make formal between-group com-
parisons, helps put our findings into a more applied perspec-
tive by providing estimates of FGID incidence in healthy
peers of children with CMA. Nonetheless, this study has
some limitations. The main limitation is that it is a cohort
study and not a randomized controlled trial. Another limita-
tion is that our data cannot be generalized to children with
conditions that were reasons for exclusion from the study.
The effect of EHCF+LGG vs EHCF alone in these children re-
mains to be addressed by future studies. Although our results
show that EHCF+LGG reduces the occurrence of FGIDs,
longer follow-up times are needed to test whether this effect
persists over the long term. Finally, further studies are needed
to elucidate the mechanisms of this beneficial effect.

In summary, this cohort study performed in a well-
characterized population of children with previous diagnosis
of CMA shows that EHCF+LGG can reduce the occurrence
of FGIDs. Negative modulation of bidirectional pathways

in the brain-gut-immuno-endocrine-microbiota axis could
lead to an increased risk for FGIDs in children with
CMA,"* but our present results suggest that EHCF+LGG
can counteract these pathways modulating the interaction
among gut microbiota, epigenetic mechanisms, immune sys-
tem, and gastrointestinal function. These effects lead to a
positive impact on long-term protection against FGIDs in
children with CMA. Future randomized controlled trials
are needed to definitely ascertain the effect of EHCF+LGG
in these children. B
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