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Abstract

Background: Infant colic (IC) is a prevalent physiological event of infants, which can
disrupt the child’s home environment. We aimed to investigate the effectiveness of a
mixture of Matricariae chamomilla L., Melissa officinalis L. and tyndallized Lactobacillus
acidophilus (HA122) compared with Lactobacillus reuteri DSM 17938 and with simethi-
cone for the treatment of IC.

Methods: A multicenter randomized comparative study was conducted in infants with
colic, according to Rome Il criteria, who were randomly assigned to receive M. chamo-
milla L., M. officinalis L. and tyndallized L. acidophilus (HA122) (Colimil® Plus®; Milte
Italia Spa, Milan, Italy) (Group A), L. reuteri DSM 17938 (Group B) and simethicone
(Group C). Treatment was given to subjects for 28 days.

Key Results: One-hundred and seventy-six patients completed the study. Mean daily
crying time at day 28 was significantly lower in group A (-44, 95% CI: -58 to -30,
P<.001) and group B (=35, 95% Cl: -49 to -20, P<.001) when compared to group C.
No significant difference was observed between Group A and Group B (mean differ-
ence: -9 minutes, 95% Cl -23 to +5, P=.205). At day 28, 39 of 57 (68.4%) of infants in
Group C responded to the treatment compared with 57 out of 60 patients (95%) of
Group A and 51 out of 59 (86.4%) of Group B (P<.001).

Conclusions: This study suggests that administration of M. chamomilla L., M. officinalis
L. and tyndallized L. acidophilus (HA122) and L. reuteri DSM 17938 are significantly
more effective than simethicone in IC. Clinical Trial Registration: ClinicalTrials.gov:
NCT02708238.
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1 | INTRODUCTION

Infantile colic (IC) is a common condition occurring during the first
4 months of life and reaching up to 20% of infants.>? It is usually de-
fined on the basis of Rome Il criteria and the diagnosis must include
all of the following in infants from birth to 4 months of age: parox-
ysms of irritability, fussing, or crying that start and stop without
obvious cause; episodes lasting 3 or more hours per day and occur-
ring at least 3 days/week for at least 1 week; no failure to thrive.’
Despite the high prevalence, the pathogenesis of IC remains elu-
sive. Gastrointestinal (Gl), psychosocial, and neurodevelopmental
disorders have been suggested.* Although benign and self-limiting,
IC is associated with maternal depression,” early breastfeeding
cessation,® and shaken baby syndrome.7 As a matter of fact, the
total annual cost of infant crying and sleeping problems in the first
12 weeks has been estimated to £65 millions in United Kingdom
(US$104 millions).8 Although the mainstay of IC management is still
limited to the support and the reassurance of the parents,’ these
findings highlight the need for new therapeutic strategies. The use
of probiotics is now emerging as a promising strategy for the treat-
ment of 1C.1%1! However, few strains have been tested and results
from randomized controlled trials (RCTs) and systematic reviews
are conflicting.'2"1* Although no evidence of benefits has been re-
ported in clinical trials, the use of simethicone is widespread in clini-
cal practice, more frequently through self-medication.* The paucity
of treatment options and dissatisfaction with conventional health
care may lead parents to seek out complementary and alternative
medicine (CAM) options for their infants.'® Particularly, the efficacy
of a herbal formula containing Matricaria recutita L., Foeniculum
vulgare M. var. dulce and Melissa officinalis has been previously
demonstrated in I1C.%¢ Recently, the manufacturer of the product,
in order to potentially increase its efficacy, decided to add to the
herbal formula the beneficial properties of a tyndallized probiotic
(Lactobacillus acidophilus HA122; Colimil® Plus®; Milte Italia Spa,
Milan, Italy). The process of tyndallization consists in a heat treat-
ment for 1 hour at 70°C on three consecutive days and by gamma
irradiation of lactobacilli.!’ This procedure guarantees the killing of
the live bacteria and the preservation of probiotic-produced, solu-
ble factors, so called postbiotics, which can elicit the beneficial ef-
fects.'® A postbiotic could therefore be a safer alternative to the use
of whole bacteria avoiding the risks associated with the administra-
tion of live bacteria.

Nevertheless, the evidence supporting the use of CAM for IC
management is still very limited to date.*>'¢% The primary aim of this
study was to investigate the effectiveness of a standardized extract
of Matricariae chamomilla L., M. officinalis L. and tyndallized L. aci-
dophilus (HA122) compared with Lactobacillus reuteri (DSM 17938;
Reuterin®; NOOS Srl, Rome, Italy) and with simethicone (Mylicon®;
Johnson & Johnson Spa., Pomezia, Italy) for the treatment of IC;
secondary aims were to evaluate the safety and tolerability of the

treatments.

Key Points

e Infantile colic is a common condition occurring during the
first 4 months of life and reaching up to 20% of infants.

e The administration of Matricariae chamomilla L., Melissa
officinalis L. and tyndallized L. acidophilus (HA122) and
L. reuteri DSM 17938 was significantly more effective
than simethicone in improving colic symptoms.

e The use of a mixture of herbal supplements and tyndal-
lized probiotics may represent a new therapeutic strategy
in the management of colicky infants.

2 | MATERIALS AND METHODS

This was a prospective, multicentre, open-label, randomized, controlled
trial. All consecutive infants diagnosed with IC, according to Rome IlI
criteria, were prospectively enrolled between April 2014 and July
2015 by three different Pediatric Gastroenterology units: Department
of Translational Medical Science, Section of Pediatrics, University of
Naples “Federico II”; Institute of Pediatrics of the University of Foggia;
Endoscopy and Gastroenterology Unit, Department of Pediatrics,
University of Messina. Study participants met the following inclusion
criteria: diagnosis of IC according to Rome Il criteria®; age 22 weeks to
4 months; breastfed or fomula-fed infants; term delivery (237 weeks
gestation at birth); 5-minute Apgar score 27; and birth weight 22500 g.
Exclusion criteria included a major medical problem or acute illness; a
family history of atopy; and history of antibiotic treatment or probiotic
supplementation before or during the study. After the enrollment, all
children were randomly assigned to receive: a standardized extract of
M. chamomiilla L., M. officinalis L. and tyndallized L. acidophilus (HA122)
administered at the dose of 1 mL twice a day of a commercially avail-
able solution (2 mL of solution contains 18 mg of M. chamomilla L.,
130 mg of M. officinalis L. and 2x107 tyndallized L. acidophilus cells
[HA122]) (Group A); L. reuteri DSM 17938 administered at the dose
of 108 colony-forming units/day in 5 drops of a commercially avail-
able oil suspension (Group B); simethicone given at a dose of 60 mg in
15 drops 2 times per day of a commercially available solution (Group
C). The manufacturers did not supply the products for the study.
Treatment was given to subjects for 28 days. The study’s primary out-
come was the mean daily crying at the end of treatment (day 28). The
secondary outcome measure was the number of participants who re-
sponded to treatment on day 28. Infants who experienced a decrease
in the daily average crying time of 50% from baseline were considered
as responders to the treatment. Parents were instructed to complete
a structured 28-day maternal diary, modified from Barr et al. in order
to record the frequency of colic episodes and the daily crying time (in
minutes), feeding schedule, stool frequency and characteristics, and
any adverse events experienced.?’ Follow-up visits were performed

at each involved unit and conducted on study days 7, 14, 21 and 28
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by the same study investigator. In addition at each visit diaries unused

study products were returned to measure the adherence to the study.

2.1 | Ethical considerations

The Institutional Review Board of the University of Naples “Federico
II” approved the study protocol with the registration number 234/13.
Written, informed consent was obtained from parents of all the enrolled

children.

2.2 | Statistical analysis

Demographic and clinical data referred to the baseline visit were sum-
marized using standard descriptive statistics and compared between
group (without reporting statistical significance) to assess whether
good balance of baseline characteristics was achieved by randomiza-
tion. Longitudinal trajectories of daily crying time during the follow-up
period, were analyzed by using random-intercept linear mixed model
(LMM) in which time from baseline was treated as categorical factor
(four levels: 7, 14, 21, and 28 days) to account for non-linear relation-
ships. Baseline measurement of daily crying duration was added to
the model as adjustment covariate. Results of LMMs were reported
as estimated marginal means with the corresponding 95% confidence
intervals (95% Cl). Differences among the three treatment arms were
estimated by adding in the LMM an interaction term between group
and time; the corresponding P-values were adjusted using Tukey
Method. Mean daily crying at day 28 was also compared between
infants exclusively or partially breastfeeding and children exclusively
formula-fed separately in each treatment arm by using general linear

TABLE 1 Baseline clinical and
demographic characteristics of the enrolled
infants

Variables

Age, days (mean+SD)
Male Gender (n, %)
Vaginal delivery (n, %)

Birth weight, g
(meanxSD)

Gestation age, weeks
(meanxSD)

Weight, g (mean+SD)
Feeding (n, %)

Exclusively
breastfeeding

Partial breastfeeding

Exclusively formula-fed

Mean daily crying+SD,
min

30of8
W1 LEY

model adjusted for baseline measurement. Response rates were com-
pared between groups using chi-squared test and further analyzed by
computing relative risk (RR) with the corresponding 95% Cl. In order
to adjust for baseline measurement, a Poisson Regression with robust
variance estimation was used.?! Statistical significance was prede-
termined as P<.05. SPSS version 15 (SPSS Inc, Chicago, lllinois, USA)
and R statistical platform (version 3.1, R Foundation for Statistical
Computing, Wien, Austria, https://www.R-project.org/) were used for
all statistical analyses. A sample size of 50 children in each group al-
lowed to detect a difference of at least 50 minutes in daily average
crying time among the three groups with a power of 0.8 and a two-
sided alpha of 0.017 adjusted for multiplicity. The anticipated stand-
ard deviation was equal to 75 minutes. Assuming a drop-out rate of
20%,%2 60 infants per group were needed. In order to guarantee the
allocation concealment, an independent statistician, unaware of the
enrolled patients, prepared and kept a computer-generated three-
treatment randomization schedule with random block of varying size
to maintain balance in the allocation of participants between treat-
ment arms. Randomization was stratified by type of infant feeding (ex-
clusively breastfed or formula-fed) and age. At each enrollment, the
statistician, who was the only one to have access to the randomization
schedule, communicated to the main investigators the drug to be pre-
scribed. All analyses were conducted both on intention to treat (ITT)
analysis including all patients randomized in the groups and on a per
protocol basis including all patients in the groups who completed the
expected treatment. In the ITT analysis, missing data were imputed
using multiple imputation method and nine different datasets were
generated. As the two analysis gave high consistent results, only the
per protocol analysis will be reported.

Group A (n=60) Group B (n=60) Group C (n=60)

39.3+20 37.4+14.7 34.1+13.3
29 (48.3) 38 (63.3) 19 (31.7)
39 (65) 38(63.3) 38(63.3)
3239+291.3 3279.9+383.3 3081.7+576.3
38.7x1 38.7+0.9 38.7+0.9
4232.8+£837.4 4562.8+706.5 4488.2+698.4
45 (75) 43 (71.7) 45 (75)
5(8.3) 6(10) 5(8.3)
10 (16.7) 11(18.3) 10 (16.7)
235%25.4 235.1+£35.4 230.1+28.6

Group A: Infants treated with Matricariae chamomilla L., Melissa officinalis L. and tyndallized L. acidophi-

lus (HA122).

Group B: Infants treated with L. reuteri DSM 17938.
Group C: Infants treated with simethicone.
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3 | RESULTS

Two-hundred patients diagnosed with IC, according to Rome Il crite-
ria, were prospectively screened between April 2014 and July 2015.
Twenty patients were subsequently excluded from the study for the
following reasons: declined to participate (n=8); acute illness (n=5);
antibiotic therapy (n=1); and probiotic supplementation (n=6). One-
hundred and eighty patients were included in the study and all chil-
dren were randomly assigned to receive M. chamomiilla L., M. officinalis
L. and tyndallized L. acidophilus (HA122) (Group A; n=60), L. reuteri
DSM 17938 (Group B; n=60) or simethicone (Group C; n=60). Baseline
clinical and demographic characteristics of the enrolled patients are
showed in Table 1. One patient of Group B and three patients of
Group C were lost at follow-up. A flow diagram showing the subjects’
progression through the study is reported in Figure 1. One-hundred
and seventy-six patients completed the whole follow-up and were
finally included in the analysis. Linear mixed model, adjusted for base-
line crying duration, showed that mean daily crying time at day 28 was
significantly lower in group A (-44, 95% Cl: -58 to -30, P<.001) and
group B (=35, 95% Cl: -49 to -20, P<.001) when compared to group

C (Table 2; Figure 2). No significant difference was observed between
Group A and Group B (mean difference: -9 minutes, 95% CI -23 to
+5, P=.205; Table 2; Figure 2). By examining the whole follow-up pe-
riod, it emerged that differences in mean daily crying time between
Groups A and C become statistically significant from day 7, while sta-
tistical significance in the comparison between Group B and Group C
was reached from day 14 onward (Table 2). At day 28, 39 out of 57
(68%) of infants in Group C responded to the treatment compared
with 57 out of 60 patients (95%) of Group A and 51 out of 59 (86%)
of subjects of Group B (P<.001 by chi-squared test). After adjusting
for baseline crying duration, the RR for a treatment success was equal
to 1.39 (95% Cl: 1.15-1.67, P=.001) in group A with respect to group
C and 1.26 (95% Cl: 1.03-1.54, P=.026) in group B with respect to
Group C. No difference in rate of responders was observed between
Group B and Group A (RR=0.91, 95% Cl 0.81-1.02, P=.114). Figure 3
shows percentages of responders at different time points according
to the treatment arm. Considering infants’ feeding, no significant dif-
ferences were observed in primary or secondary outcomes between
infants exclusively or partially breastfeeding and children exclusively

formula-fed in all the three groups of treatment. In particular, after

Excluded (n =20)
- Not meeting inclusion criteria (n = 12)
- Declined to participate (n = 8)
—  Other reasons (n=0)

Enroliment
Assessed for eligibility (n = 200)
—
Randomized (n = 180)
Allocation

A 4
| Group A | Group B

Group C

A A

A 4

Allocated to intervention (n = 60)
- Received allocated intervention (n = 60)
- Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 60)
- Received allocated intervention (n = 60)
- Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 60)
— Received allocated intervention (n = 60)
- Did not receive allocated intervention (n = 0)

Follow-up 28 days

v y

v

Lost to follow-up = 0 |

| Lost to follow-up = 1

Lost to follow-up = 3

Analysis

\ 4 A 4
Analysed (n = 60) |

| Analysed (n = 59) I

A 4

| Analysed (n = 57)

FIGURE 1 Flow diagram of the subjects’ progression through the study. Group A: Infants treated with Matricariae chamomilla L., Melissa
officinalis L. and tyndallized L. acidophilus (HA122); Group B: Infants treated with L. reuteri DSM 17938; Group C: Infants treated with simethicone
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TABLE 2 Primary outcome of the study

Mean duration of crying (min/day)

50f8
T W I LE Y

Time Group A Group B Group C
Day 7 166 [156-176] 177 [167-187] 188 [177-198]
Day 14 123 [113-133] 140 [130-150] 160 [150-170]
Day 21 78 [68-88] 92 [83-102] 127 [117-137]
Day 28 53 [43-63] 62 [52-72] 97 [87-107]

Group A vs Group C Group A vs Group B Group B vs Group C
Time Mean diff. [95% Cl] P Mean diff. [95% Cl] P Mean diff. [95% Cl] P
Day 7 -21[-36to -7] .009 -11[-25to 3] .302 -11[-25to 3] 297
Day 14 -37 [-51 to -23] <.001 -17 [-31 to -3] .053 -20[-35 to -6] .016
Day 21 -49 [-63 to -35] <.001 -14[-29 to 1] 115 -35[-49 to -20] <.001
Day 28 -44 [-58 to -30] <.001 -9 [-23 to 5] 413 -35[-49 to -20] <.001

Group A: Infants treated with Matricariae chamomilla L., Melissa officinalis L. and tyndallized L. acidophilus (HA122); Group B: Infants treated with L. reuteri

DSM 17938; Group C: Infants treated with simethicone.

All results are based on a random-intercept linear mixed model adjusted for baseline crying duration. P-values were adjusted using Tukey’s method.

Cl: confidence intervals; Diff: difference.

250

-
o

200

FIGURE 2 Longitudinal trajectories of
daily crying time among the three different
treatment’s groups during the follow-up
period, analyzed using random-intercept
linear mixed model (LMM). Results of
LMM s are reported as estimated marginal
means with the corresponding 95%
confidence intervals. Group A: Infants
treated with Matricariae chamomilla

L., Melissa officinalis L. and tyndallized

L. acidophilus (HA122); Group B: Infants

150

100

Daily Crying Duration (minutes)

50

Group A
- Group B
@ Group C

treated with L. reuteri DSM 17938; Group
C: Infants treated with simethicone

Baseline

adjusting for baseline crying duration, mean difference in daily crying
time between infants exclusively or partially breastfeeding and chil-
dren exclusively formula-fed was equal to 5 minutes (95% Cl -22 to
+31, P=.721) in Group A, -12 minutes (95% Cl -37 to +16, P=.428)
in group B, and +18 minutes (95% Cl -9 to +46, P=.189) in Group C.
Moreover, the RR of experiencing a decrease of 50% from baseline in
the daily crying time between infants exclusively or partially breast-
feeding and children exclusively formula-fed was equal to 0.94 (95%
Cl 0.88-1.01; P=.084) in group A, 1.1 (95% Cl 0.79-1.53; P=.57) in
group B, and 0.853 (95% Cl 0.57-1.27; P=.433) in Group C. No sig-
nificant difference in stool patterns was observed among the three
study groups.

21 28

Days

3.1 | Adverse events and adherence
to the treatments

No adverse event was reported in any group. The adherence to the
treatment was not significantly different among the three arms (Group
A: 58/60 [96%]; Group B: 55/59 [93.2%]; Group C: 52/57 [91%]; P=.1).

4 | DISCUSSION

To the best of our knowledge, this is the first RCT, which demonstrates

the efficacy of a standardized extract of M. chamomilla L., M. officinalis
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mExtract of Matricariae Chamonmiilla L., Melissa Officinalis L. and Tyndallized L. Acidophilus (H122)

m Lactobacillus Reuteri (DSM 17938)
m Simethicone

L. and tyndallized L. acidophilus (HA122) for the treatment of IC.
The results of the present study indicates that the administration of
M. chamomilla L., M. officinalis L. and tyndallized L. acidophilus (HA122)
twice a day significantly reduced infant crying time at 28 days when
compared with simethicone in infants, showing the same efficacy of
L. reuteri DSM 17938. In a recent survey, van Tilburg et al. interviewed
more than 1000 American mothers in order to assess the prevalence
of functional Gl disorders in infants and toddlers. The prevalence of
IC in children <1 year of age resulted 5.9%.% Conversely, in a recent
review, some experts in the field hypothesized a likely prevalence of
20%, on the basis of the existing literature.?? Despite the high preva-
lence and the elevated costs for national healthcare systems, the
self-limiting nature of colic has limited the investigations to establish
a pathophysiologic model of IC. Therefore, it is difficult to elucidate
the mechanisms by which CAMs may act on symptoms’ relief. The
efficacy of the herbal formula could be partially explained by the hy-
pothesis that IC may be related to a Gl motor function disorder.* As a
matter of fact, the studies of enteric neural control and maturation on-
togeny of the stomach and of the small intestine support the concept
that dysregulation and immaturity of intestinal motility contribute to
the development of Ic# Already in 2005, Savino et al., in a double-
blind RCT, demonstrated the efficacy of a herbal formula containing
Matricaria recutita L., F. vulgare M. var. dulce and M. officinalis L. on 41
breastfed colicky infants.!® Following clinical evidence, Capasso et al.
conducted an in vivo study on a mouse model demonstrating that the
administration of the herbal formula significantly modulated GI mo-
tiIity.24 The effect on Gl motility was mainly mediated by Matricaria
recutita and M. officinalis. Indeed, it is well known that chamomilla

2526 35 well as antispasmodic and

(Matricaria recutita) has sedative
anti-inflammatory effects.?’2? Melissa officinalis L. has both antispas-
modic and sedative/anxiolytic activities.>°32 The antispasmodic activ-
ity seems to be mainly effective on the Gl smooth muscle, due both to
the essential oil and flavonoid components, particularly apigenin and
bisabololo.®° Capasso et al. demonstrated that the pharmacological

profile of the herbal formulation was superior over the single extracts

5% P =000

FIGURE 3 Percentage of responders

in each group on days 7, 14, 21, and 28

o8 on the per protocol analysis. Infants were
classified as responders if they experienced
a decrease in the daily average crying time
(in minutes) of 50% from the baseline
measurement

in decreasing Gl motility, hypothesizing possible synergisms among
the constituents.?* Taken together all these activities may partially
demonstrate that herbal formulation are successful in the manage-
ment of colicky infants trough a positive effect on GI motility. In the
present study, L. reuteri DSM 17938 was superior to simethicone in
the management of IC both in primary and secondary outcomes, con-

firming the results of previous RCTs. 1071233

Its efficacy was compa-
rable to the standardized extract of M. chamomilla L., M. officinalis L.
and tyndallized L. acidophilus (HA122). The potential role of an altered
intestinal microbiota in the pathogenesis of IC has recently been pro-
posed to explain the efficacy of probiotics.!? Savino et al. found that
Escherichia coli were more abundant in the feces of colicky infants and
speculated that coliform colonic fermentation and consequent exces-
sive intra-intestinal air production may lead to aerophagia and pain.>*
More recently de Weerth et al. reported that infants with colic dis-
played lower microbiota diversity and stability compared with those
without colic.®® Probiotics may also directly modulate GI motility of
infants with colics.>*%” In addition, to the above reported herbs, the
standardized extract tested in our study, is provided of tyndallized
L. acidophilus (HA122). This probiotic has demonstrated in vitro anti-
inflammatory and anti-infectious activities.’®%° The process of tyn-
dallization avoids the risks associated with the administration of live
bacteria, leaving intact some soluble factors that can potentially exert
some beneficial effects.*® We speculate that the addition of tyndal-
lized L. acidophilus (HA122) to the herbal formulation helps restoring
a normal microbiota, contributing to colicky infants symptoms’ relief.
Indeed, Lactobacilli-secreted factors have been demonstrated to be
a rich source of bacteriocins that restrict the growth and activities of
different pathogens, to improve mucosal gut barrier integrity, and to
modulate inflammatory mediators secretion.'® Differently from pre-

10-12.33 \yhich demonstrated an

vious studies conducted on L. reuteri,
efficacy mainly in colicky breastfed infants, we did not find any differ-
ence between exclusively/partially breastfed infants and formula-fed
infants in all the three groups of treatment. Although the sample of

exclusively formula-fed infants was rather small, these findings may
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suggest that the efficacy of the experimented drugs is independent
of infants’ feeding.

This study is not without limitations. Firstly, due to the differences
of the three experimented products, we could not conduct a blinded
RCT. The open-label design may have possibly influenced our results.
Particularly, we cannot exclude that the efficacy of M. chamomilla L.,
M. Officinalis L. and tyndallized L. acidophilus (H122) may be partially
explained by the common parents’ belief that “natural means safe.” In
addition, the lack of a placebo group may have someway affected the
outcomes of the study. Another significant limitation of the study, sim-
ilar to previous studies on IC, is the absence of an objective way to
assess the duration of crying and fussing times of infants, which fully

relied on parents’ reports.

5 | CONCLUSION

This study suggests that the administration of M. chamomilla L., M. of-
ficinalis L. and tyndallized L. acidophilus (HA122) and L. reuteri DSM
17938 are significantly more effective than simethicone in improving
colic symptoms. Further, well-designed, double-blind RCT are needed
to confirm this preliminary evaluation.
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