
SUPPLEMENTARY INFORMATION 1 

Supplementary Methods 2 

Inclusion criteria 3 

All eligible infants were between 0 and 8 months of age. AI were recruited at the Allergy 4 

Service of Hospital Universitario Infantil Niño Jesús and Hospital General Universitario Gregorio 5 

Marañón in Madrid (Spain), including infants with a clinical history consistent with IgE-6 

mediated food allergy and positive skin prick test (SPT) to cow’s milk α-lactalbumin, β-7 

lactoglobulin and/or casein (Diater®, Madrid, Spain) and/or prick by prick test to pasteurized 8 

milk. Infants with a history compatible with CMA and a negative SPT on their first visit were 9 

included if the test was positive after three months. All SPT were performed using 10 

standardized techniques and interpretation according to international guidelines.1   11 

Eligible CI were infants without any symptom related to either CMA or any severe pathology 12 

concomitant to allergy and were recruited at five health centres in Madrid. The exclusion 13 

criteria were hydrolyzed formula intake for more than 2 weeks at the time of CMA diagnosis 14 

and antibiotics intake in the 3 months prior to study recruitment (also applicable to their 15 

mothers and grandmothers). 16 

All participating centers applied the same recruitment protocols and questionnaires. 17 

Information on personal data and potential risk factors for allergy in infants such as age, 18 

gender, feeding regime, delivery mode and antibiotics use at birth for infants; and age, diet, 19 

and smoking and allergy status of mothers and grandmothers were collected through 20 

questionnaires.  21 

 22 

Sample Collection and Processing 23 

Each participant received a sample collection kit consisting of a small disposable cooler, a 24 

hermetic bag, a stool collection sterile container with a spoon for easier collection, a cold-pack, 25 

collection paper, a pair of gloves, labels and an easy-to-read guideline, developed by our 26 

group, that patients could follow at home (Figure 1S). Subjects were asked to record the 27 

sample collection date, to not contaminate the sample with urine or toilet paper and to store 28 

the samples in the home freezer at -20°C before taking them to the laboratory. A total of 148 29 

faecal samples were collected at the laboratory and stored at -80°C before being processed for 30 

DNA extraction. 31 

 32 



Epidemiological variables and analysis 33 

Descriptive statistics of the epidemiological variables of the three generations according to the 34 

case-control status of infants were computed using the compareGroups R package.2 The 35 

association of each epidemiological variable with the case-control status of infants was tested 36 

using univariate logistic regressions. A multivariate logistic regression including the variables 37 

showing significant associations at the univariate analyses was also performed. All the 38 

statistical analyses were performed in R. 39 

 40 

16S rRNA Gene Sequencing 41 

Bioinformatics and statistical analyses 42 

16S rRNA sequences were denoised and processed with DADA2 v1.11 in order to define ASVs.3 43 

In addition, DADA2 and the command removeBimeraDenovo were used to remove chimeras. 44 

Taxonomy was assigned using the DADA2 implementation of the RDP classifier,4 using the 45 

formatted RDP training set 16 release 11.5 from the DADA2 website.  46 

Shannon’s α-diversity index was estimated using the package vegan v2.5-3 and the R 3.4.0 47 

software. Richness was defined as the number of ASVs identified in a given sample. To analyse 48 

global differences in the microbiota, the Bray-Curtis distance between pairs of samples was 49 

calculated using the vegan package. Subsequently, Principal Coordinate Analysis was applied 50 

on the generated Bray-Curtis distance matrix. In order to analyse if two groups of samples 51 

differ in their microbiota structure, the permutational multivariate analysis of variance 52 

(PERMANOVA) test was applied using the Bray-Curtis distance matrix. ANCOM II, a statistical 53 

approach specifically designed for microbiome analysis,5 was applied to identify specific 54 

taxonomic differences between groups of samples. This approach accounts for compositional 55 

constraints to reduce false discoveries in detecting differentially abundant taxa at an 56 

ecosystem level, while maintaining high statistical power. The analysis was applied at the 57 

different taxonomic levels (i.e. Phylum, Class, Order, Family, Genus and ASVs). ASVs taxonomy 58 

was assigned using BLASTN tool6 against the expected sequences from each community, using 59 

a cutoff of 97% identity. To adjust for multiple hypothesis testing, we used the FDR approach 60 

by Benjamini and Hochberg implemented in the fdr.R package.7 Statistical analyses were 61 

performed with those groups with sufficient sample size (n≥3). Results were considered 62 

significant when p-values were lower than 0.05. In case of multiple hypothesis testing, results 63 

were considered significant when q-values were lower than 0.1. 64 

 65 



Supplementary Results 66 

Gut microbiota composition differences between AI and CI mothers 67 

PERMANOVA multivariate analysis was performed to identify statistical differences between 68 

mothers of allergic infants compared to mothers of control infants. Principal coordinate 69 

analysis (PCoA) and Adonis p-value did not show significant differences (Fig. 2S). 70 

ASV gut microbiota differences associated with CMA in infants 71 

Differences between AI and CI were identified using ANCOMII statistical test. Relative 72 

abundances of ASVs corresponding to Veillonella parvula, Veillonella dispar, Streptococcus 73 

lutetiensis and Enterococcus casseliflavus were significantly different between allergic and 74 

control infants. Veillonella parvula increased in the AI group while the other identified species 75 

decreased (Fig. 3S). 76 

ASV gut microbiota differences associated with infants’ diet 77 

Differences between infant groups were identified using ANCOMII statistical analysis. Relative 78 

abundances of ASVs associated to Veillonela parvula and Enterococcus faecalis were increased 79 

in BM_H and BM_F compared to F group while the relative abundance of Streptococcus 80 

lutetiensis was decreased in H group compared to F (Fig. 4S). 81 
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SUPPLEMENTARY FIGURES 98 

 99 

 100 

Figure 1S. Faecal sample collection kit. The kit contained a small disposable cooler, a hermetic 101 
bag, a stool collection container with a spoon, a cold pack, collection paper, a pair of gloves, 102 
labels and an easy to read guideline. 103 



 104 

Figure 2S. Comparison of the gut microbiota composition between mothers of AI and CI. 105 

Principal coordinate analysis showing clustering of individual gut microbiota composition as 106 

well as PERMANOVA multivariate analysis (PERMANOVA p-value). 107 



 108 

Figure 3S. ASV gut microbiota composition associated to CMA in infants.  A. Families 109 

composition in AI and CI.  B. ASV composition in AI and CI. C. ASV identified as differentially 110 

abundant between AI and CI using ANCOMII test (q<0.1), ** p<0.01, ***p< 0.001, q<0.1. 111 

 112 

 113 

 114 

Figure 4S. ASV gut microbiota composition associated to infants’ diet.  ASVs identified as 115 

significantly different between groups using ANCOMII test (q<0.1), ** p<0.01, ***p< 0.001. 116 



 117 

 118 

Variable OR CI.low CI.high p.value 
No Ref    
Allergy.motherYes 4.43 0.81 35.51 0.1076 
Never Ref    
Smoking.motherEver 9.8 1.53 194.1 0.0422 
Never Ref    
Smoking.grandmotherEver 1.94 0.42 8.94 0.3864 
 119 

Table 1S. Multivariate analysis including the smoking status of mothers, grandmothers and 120 

allergy status of the mothers. OR: Odds Ratio; CI: Control Infants. 121 

 122 


