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Background: Colic is a common condition in infants <4 months of age. Attempts to treat
infantile colic with probiotics have shown variable efficacy and overall low evidence of
success. In this work, we tested the hypothesis that oral administration of Bifidobacterium
longum CECT7894 (KABP042) and Pediococcus pentosaceus CECT8330 (KABP041)
mix (1 x 109 colony forming units) would improve the symptoms of infantile colic.

Methods: A total of 112 exclusively breastfed or mixed fed infants aged <2 months
and meeting the ROME |V criteria for infantile colic were recruited. The infants were
randomized in a double-blind, placebo-controlled trial to receive orally administered
probiotics (intervention group, I1G, n = 48) or placebo (placebo group, PG, n = 42) daily
for 21 days.

Results: Infants in the IG had significantly shorter crying time (p < 0.001) on day 7 [IG
vs. PG, median (25—75th percentile): 38 (3.5-40.5) vs. 62 (40-108) min/day], day 14
[IG vs. PG: 20 (0-40) vs. 50 (30-75) min/day], and day 21 [IG vs. PG: 14 (0-33) vs. 40
(28-62) min/day]. Higher responder ratio and fewer crying/fussing episodes on days 7,
14, and 21 and better stool consistency on day 21 were observed in the IG (p < 0.01)
as compared to the PG. Conversely, no significant effects on stool frequency or quality
of life were observed.

Conclusions: In summary, daily oral administration of B. longum CECT7894 (KABP042)
and P, pentosaceus CECT8330 (KABP041) was an effective treatment for shortening
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each timepoint. Box and whiskers denote quartiles and 95% percentiles.

FIGURE 2 | Effect of intervention on crying/fussing time (left) and number of crying/fussing episodes (right). P-values correspond to Kruskal-Wallis test performed at

the difference between the two groups at different time
points. There were no significant differences in crying/fussing
time and frequency between the IG and the PG at baseline
(p > 0.05, Figure 2). However, crying/fussing time in the IG was
significantly shorter than that in the PG on the 7th, 14th, and 21st
days of the intervention (p < 0.001, Figure 2).

Effect of Intervention on Secondary
Outcomes: Crying/Fussing Frequency,
Fecal Frequency, Fecal Consistency, and

PedsQL™ Family Impact Subscales

The crying/fussing frequency, fecal frequency, and fecal
consistency scores were all non-normally distributed variables
and thus the Kruskal-Wallis test was used to assess the differences
between the groups. There were no significant differences in
crying/fussing frequency between the IG and the PG at baseline
(p > 0.05, Figure2). Nevertheless, the frequency of the
crying/fussing episodes in the IG was lower than that in the PG
on the 7th, 14th, and 21st days of the intervention (p < 0.001,
Figure 2). Also, a higher proportion of responders was observed
in the IG as compared with the PG on the 7th (83.3 vs. 35.7%,
p < 0.001), 14th (95.8 vs. 42.9%, p < 0.001), and 21st (89.5 vs.
64.3%, p = 0.004) days (Table 2).

As shown in Table 3, there were no significant differences in
fecal frequency and consistency score between the IG and the PG
before the intervention (p > 0.05). Infants in the IG had lower
fecal frequency/day than infants in the PG. The differences were
already significant on the 1st day and further increased on the
7th, 14th, and 21st days (p < 0.001, Table 3). Conversely, the fecal
consistency score of infants in the IG was significantly higher

TABLE 2 | Number of responders to the treatment.

Index IG? (n =48) PGP (n=42) RR° (95% CI) p-values
Day 7 [n (%)] 40 (83.9) 15(35.7) 2.333(1.695-5.973)  <0.001
Day 14 [n (%)] 46 (95.8) 18 (42.9) 2.236 (1.569-3.186)  <0.001
Day 21[n (%)  43(89.5) 27 (64.3) 1.394 (1.090-1.781)  0.004

a|G, intervention group; PPG, placebo group; °RR, relative risk.

than that of infants in the PG on the 21st day of intervention only
(p < 0.001, Table 3).

There were no significant differences in the PedsQL" Family
Impact Subscales between the IG and the PG at baseline
(p > 0.05, Table 4). The Physical Function Subscale in the IG
was marginally improved without reaching significance when
compared with infants in the PG on the 21st day (p = 0.065) and
a similar result was found for the Social Function Subscale on the
14th day (p = 0.070, Table 4). Finally, no significant side effects
occurred during the study period.

LTM

DISCUSSION

Administration of B. longum CECT7894 (KABP042) and P.
pentosaceus CECT8330 (KABP041) at a dose of 10° CFU per
day to exclusively breastfed or mixed fed infants was superior
to the placebo for the management of infantile colic. The use
of the two strains significantly reduced the crying/fussing time
and the frequency of episodes. No differences were observed
on stool consistency until day 21, when a small but significant
increase in consistency was observed in the IG group. Conversely,
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TABLE 3 | Effect of intervention on fecal consistency and frequency.

Index 1G2 (n = 48) PGP (n = 42) Chi-square test
p-values
Median Mean + SD° Median Mean + SD
(25—75th percentile) (25—75th percentile)
Fecal frequency/day
Baseline 4 (3-5) 4.00 £1.74 4 (3-6) 4.50 +1.86 0.337
Day 1 3 (2-4) 3.10+£1.70 4 (3-5) 424 £1.79 0.004
Day 7 2(1.5-3) 2.35+1.34 4 (3-5) 4.02 +£1.66 <0.001
Day 14 2 (1-3) 2.25+1.33 3(3-4) 3.55+1.77 <0.001
Day 21 2(1-2) 1.84 +0.98 3 (2-4) 3.18 +1.39 <0.001
Fecal consistency score
Baseline 0.85 (0.65-1.00) 0.83 £ 0.40 0.96 (0.74-1.00) 0.85 +0.22 0.337
Day 1 0.90 (0.50-1.00) 0.77 £0.37 0.92 (0.67-1.03) 0.85 +£0.27 0.757
Day 7 1.00 (0.78-1.20) 1.06 £+ 0.61 1.00 (0.81-1.14) 0.95 +0.36 0.846
Day 14 1.00 (0.53-1.00) 0.86 +£ 0.45 1.00 (0.75-1.19) 1.07 £0.25 0.471
Day 21 1.00 (0.99-1.27) 1.02 +£0.39 1.00 (0.62-1.02) 0.85 + 0.41 <0.001
a|G, intervention group; PPG, placebo group; ©SD, standard deviation.
TABLE 4 | Effect of intervention on PedsQL™ family impact subscales.
Index 1G2 (n = 48) PGP (n = 42) p-values
Median (25—75th Mean + SD° Median (25—75th Mean + SD
percentile) percentile)
Physical functional score
Baseline 6 (1-9) 6.35 £ 5.67 8 (5-11) 7.62 £4.82 0.140
Day 7 6 (2-10) 6.58 + 5.69 5 (2-8) 5.57 £3.93 0.533
Day 14 6 (0.5-10) 5.96 + 4.92 6 (3-8) 5.52 + 3.52 0.754
Day 21 6 (1-9) 5.56 + 4.29 4 (2-6) 3.79 +£2.53 0.065
Emotional functional score
Baseline 4.7 (0-7.0) 5.50 + 3.90 4.74 (2-7) 4.50 £ 3.77 0.971
Day 7 3.5 (1-5.0) 3.31+£243 3.0 (0-6.5) 413 £ 4.60 0.873
Day 14 5(0-8) 552 +£6.11 3.5 (0-6) 3.69 + 3.64 0.163
Day 21 1(0-5) 2.44 + 2.66 4 (0-6) 3.80 + 3.56 0.115
Social functional score
Baseline 4 (0.5-7) 4.25 £+ 3.53 4 (1-7) 4.50 + 3.54 0.744
Day 7 3(0-6.5) 3.81 +3.94 5 (2-8) 5.02 £+ 4.21 0.154
Day 14 2 (0-6) 3.60 + 3.84 4.5 (1-8) 4.79 +£ 3.57 0.070
Day 21 2 (0-6) 3.00 + 3.35 4 (0-4) 3.05 +2.32 0.614

a|G, intervention group; PPG, placebo group; °SD, standard deviation.

differences in the stool frequency were already apparent on day
1 and became more significant during the study. However, the
fact those differences were already present on day 1 precludes
attributing the effect to the probiotic intervention. Besides, no
significant effects were observed on family quality of life. No
adverse events and unintended effects were recorded during the
intervention. Pediococcus strains have been used as probiotics
in other clinical trials to treat several diseases, including obesity
(20), diarrhea (21), trauma (22), and Helicobacter pylori infection
(23). Strains belonging to Lactobacillus and Bifidobacterium

groups have been previously trialed in colicky infants, while
evidence for Pediococcus is scant. However, one must consider
that Pediococcus are not only phylogenetically close to the
Lactobacillus genus (24), but are also found in breast milk (25).
Our results were in agreement with previous studies that
used probiotics to treat infantile colic. The administration of
Lactobacillus reuteri DSM 17938 improved colic symptoms,
although the effectiveness has only been seen in breastfed infants
and not in formula-fed infants (11, 26). Another study showed
that treatment with a combination of L. casei, L. rhamnosus,
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Streptococcus thermophilus, B. breve, L. acidophilus, B. infantis,
L. bulgaricus, and fructooligosaccharides (FOS) reduced the
duration of crying by almost 35min compared to the placebo
(27). Moreover, Saavedra et al. and Ivakhnenko et al. reported
reduced incidence of caregiver-reported colic when infants were
supplemented with a combination of B. animalis subsp. lactis
BB-12 and an unidentified S. thermophilus strain, although
colic was not formally diagnosed by a physician which reduced
the strength of the studies (28, 29). A recent study on the
same BB-12 strain overcame this shortcoming by formally
diagnosing colic using the Rome-III criteria (30). However,
this study showed that the response rate was not significantly
improved against placebo until day 21, while in our study a
significant improvement was observed from day 7. Conversely,
a study reported that the use of L. rhamnosus GG (ATCC53103)
had no significant effect on crying of colicky infants (31). In
another study, no significant differences in crying and irritability
were found between the probiotics and placebo groups when
supplemented with either L. reuteri ATCC55730 or B. lactis
BB-12 (32).

Possible placebo effect should be recognized (33). Previous
studies have shown that placebo response rates in trials on
infantile colic could range from 5 to 83% (10, 34, 35). In the
present study, 27 of 42 (64.3%) infants responded to the placebo
at day 21. Moreover, very short crying times were reported
toward the end of the study in both probiotic and control
groups, further indicating the existence of a placebo effect.
Although a direct placebo effect in young infants is unlikely,
an indirect placebo effect (for example, the different degree of
tolerance, attention and/or care skills of caregivers to the crying
infant, or subjectivity in the recall of exact crying time) may
be possible. Another factor contributing to the placebo effect
is the natural regression to mean (subjects are enrolled when
most symptomatic and inevitably improve with time owing to
the natural variation in symptom severity and irrespective of trial
participation) (36, 37).

The exact mechanisms by which B. longum CECT7894
(KABP042) and P. pentosaceus CECT8330 (KABP041)
might exert this action have yet to be elucidated. Intestinal
inflammation has been discussed as one of the possible causes of
infantile colic, together with dysbiosis, production of gas (such
as Hj), and hypersensitivity to some nutrients (4-6). In this
regard, P. pentosaceus CECT8330 has been reported to induce
the anti-inflammatory cytokine IL-10 (12, 38). In addition, P.
pentosaceus CECT8330 (KABP041) and especially B. longum
CECT7894 (KABP042) were able to inhibit the growth of a
wide spectrum of opportunistic gas-producing enterobacteria of
the Escherichia and Klebsiella genera, known to be abnormally
abundant in colicky infants (39, 40). This is consistent with the
reported capacity of Bifidobacterium strains to modulate the
intestinal microbiota (41) and the antimicrobial activity of P.
pentosaceus strains (42, 43). Additionally, B. longum CECT7894
(KABP042) is effective in inhibiting the growth of Ent. aerogenes.
Future studies should aim at elucidating this effect by exploring
microbiome, metabolome, and inflammation markers (e.g.,
fecal calprotectin).

STRENGTH AND LIMITATION ANALYSIS

The strengths of our study include adequate sample size
for the predefined outcomes, proper blinding maintained
throughout the treatment, data management, and analyses. In
addition, high retention and reported adherence rates allowed
the achievement of the predetermined statistical power and
significance. Moreover, a generally accepted definition of colic
was used for diagnosis (ROME-IV criteria), and infants were
recruited at a similar, early age. Similar to previous studies
mentioned above, a potential limitation of this study is the
assessment of the duration and frequency of colicky full force
crying and fussing in infants with colic relied solely on the
caregivers’ report. Thus, we used a placebo-controlled, blinded
design to minimize this potential shortcoming. Moreover, the
design of our study did not allow for a better description
of the crying (e.g., no difference for the food-related crying
and typical colicky full force afternoon crying). Another
limitation was that only a non-significant effect could be
observed in parental quality of life despite a significant effect
on crying/fussing. This could be due to an inadequate sample
size for this outcome or other factors having a stronger
effect on parental quality of life than the baby’s crying (e.g.,
impact on jobs or family pressure). Another limitation of
this study is that the compliance with the study products
was not objectively assessed. A potential approach to assessing
compliance is to weigh the study bottles both before and
after dispensing; however, this method has reportedly produced
highly variable results (44). Finally, although sufficient for the
desired statistical power, the sample size used in this study is
too small to derive a definitive conclusion about the universal
usefulness of this probiotic formula for teating infantile colic.
Therefore, this study should be replicated with larger sample
sizes, and preferably with a sufficient representation of all
feeding types.

CONCLUSIONS

In summary, exclusively breastfed or mixed fed infants with
colic benefited from the treatment with B. longum CECT7894
(KABP042) and P. pentosaceus CECT8330 (KABP041) mix in
comparison to the placebo. We recommend these probiotics
for reducing crying times of colicky infants. Future studies
should clarify the mechanism of the mix of probiotics in the
management of infantile colic.
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