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INTRODUCTION
In human studies, preliminary evidence has suggested cross-
sectional and longitudinal associations between gut microbiota
composition in the first year of life and the neurodevelopmental
indicators temperament1,2 and cognitive development3,4 to age 3.
Infant colic provides a good model for investigating the
neurodevelopmental implications of the gut microbiota in early
childhood.
Aims:
1) Describe the gut microbiota composition of infants with colic.
2) Investigate gut microbiota signatures associated baseline

crying time, persistent crying four weeks later, and
behavioural outcomes at 2 years of age.

3) Use a random forest classifier to predict future crying time
from baseline stool samples.

METHODS
Samples: Baseline faecal samples from 118 infants with colic (mean
age: 7.40 weeks, standard deviation (SD): 2.67 weeks) enrolled in
an RCT of Lactobacillus reuteri DSM 17938 probiotic5

Sequencing: 16S rRNA sequencing of faecal samples

Analyses:

Aim 1:Alpha and beta diversity

Aim 2: Differential abundance analysis using DESeq2 (adjusted for
potential confounding variables)

Aim 3: Random forest cross-validation scheme

Greater alpha diversity was observed in infants who
were formula-fed exclusively (Shannon: M: 2.12 [SD: 0.51],
p=0.033; richness: M:111.33 [SD: 26.89], p=<0.01) or in addition
to breast milk (Chao1: M: 91.35 [SD: 22.88], p=0.036),
compared to those who were fed breast milk only (Shannon: M:
1.65 [SD: 0.48]; Chao1: M: 79.73 [SD: 21.96]); see Figure 1.

Figure 1. Alpha diversity by 
feeding and birth mode

CONCLUSION 
We find several lines of evidence that support the role of gut microbiome in colic severity. Random forests demonstrated that the infant
gut microbiome can predict persistent crying at 4-week follow-up with up to 65% accuracy, but not behaviour at child age 2.
The strongest converging evidence from our analyses and the previous literature suggests that the gut-brain axis in neurodevelopment
benefits from infant colonisation with the genus Lactobacillus, is negatively impacted by genus Clostridium, and has mixed associations with
members of the Bifidobacterium genus (possibly due to species and strain specific effects).
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Outcome A priori covariates Additional criterion-based covariates

Baseline cry time Sex Child age at baseline

Persistent colic Sex, randomisation group None

2-year behaviour problems Sex, randomisation group Child age at baseline, Maternal mental illness (at child age 2)

Table 1. A priori and criterion-based covariates

Higher microbial evenness in the baseline infant gut
microbiota was associated with an increased odds of
behaviour problems at 2 years of age (Shannon-Weaver
index; OR: 2.78 [1.06-8.10], p=0.046), and persisted following
adjustment with both a priori and added covariates (OR: 3.47
[1.24-10.88], p=0.023).

Some directional consistency in associations with crying
and 2 year behavioural outcomes at genus level e.g. several
Clostridium OTUs are enriched and Lactobacillus OTUs are depleted
in association with all negative outcomes. Bifidobacterium OTUs are
variably enriched and depleted (see Figure 3).

RESULTS

Figure 3. Number of OTUs that are significantly 
enriched or depleted in association with each 
behavioural outcome, summarised at the genus-level 

All microbiome models
had better accuracy,
sensitivity, specificity,
and precision than the
baseline covariate model.
Training a model on the
PCA loadings of the
genus-level summary had
the best performance
during test set validation
(see Table 2).

Accuracy Sensitivity Specificity Precision F1 AUC
Baseline (covariates only) 0.56 0.5951 0.517 0.5407 0.5524 0.4955
OTUs (selected by t-test) 0.609 0.5992 0.6145 0.6061 0.5809 0.5165
Genera (selected by t-test) 0.6175 0.6269 0.6123 0.6229 0.6068 0.5381
OTUs (selected by Wilcox test) 0.6285 0.6224 0.6307 0.6354 0.6136 0.549
Genera (selected by Wilcox test) 0.6085 0.6265 0.5857 0.6074 0.6029 0.5196
OTUs (as PC loadings) 0.5835 0.5902 0.5761 0.5753 0.5699 0.4863
Genera (as PC loadings) 0.6495 0.651 0.6477 0.6665 0.645 0.5976

Table 2. Average accuracy, specificity, sensitivity, precision, F1-score, and area under the 
receiver operating curve (AUC) for predicting 4-week crying using the baseline microbiome 

Figure 2. No differences in beta-diversity 
between baseline crying time groups 
(Nor for persistent crying or behavioural
outcomes; not shown here)
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