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Unravelling the Gut Microbiota of Cow’s Milk—Allergic
Infants, Their Mothers, and Their Grandmothers
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The gut microbiome constitutes a highly complex
ecosystem in which bacteria are the most prominent
components. Around 70% of primary colonization of the gut
microbiota is maternal in origin [1], and the first 1000 days
of life are crucial for the development of the intestinal
microbiota [2]. Despite its early formation, the gut microbiota
is highly dynamic and dependent on host-associated
confounding factors such as age, diet, antibiotics, lifestyle, and
environmental conditions [3,4]. Alterations in gut microbiota
have been described in people with different types of allergy,
including cow’s milk allergy (CMA) [5-7].
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CMA is one of the most prevalent types of food allergy in
children, although 80% of patients achieve tolerance by the
age of 4 years [8,9]. The etiology and pathophysiology of the
disease remain unclear, as does the role of abnormalities in the
infant’s microbiota. One possible explanation could be that the
mother’s gut microbiota, once transmitted to offspring, may
predispose infants to allergy. This study aimed to investigate
the composition of the gut microbiota and its relationship with
the onset of CMA in infants over 3 generations.

The study population consisted of 148 participants
recruited in the Allergy Departments of Hospital Universitario
Infantil Nifio Jests and Hospital General Universitario
Gregorio Marafién and 5 health centers in Madrid, Spain
(50 infants [16 healthy controls and 34 with CMA], their
50 mothers, and their 48 maternal grandmothers).

The study was approved by the Regional Ethics Committee
for Clinical Research of Hospital Universitario Infantil Nifio
Jesus in Madrid (R-0004/17) according to the ethical guidelines
outlined in the Declaration of Helsinki and its revisions. All
participants provided their informed consent.

Infants were classified into 2 groups: allergic infants and
control infants. Inclusion and exclusion criteria, fecal sample
collection (Figure S1), analysis of epidemiological variables,
and 16S rRNA gene sequencing are detailed in Supplementary
Information.

The characteristics of the 50 infants, including variables
for their mothers and grandmothers are shown in Table S1.
Infant cases and controls were similar in terms of age (4.93 vs
5.00 months, respectively) and sex distribution. A highly
significant association was found between allergy and type
of feeding at sample collection in the infants (P<.01, Table
S1). Allergic mothers were 5 times more likely to have an
allergic child than a nonallergic child (P=.03) (Figure S2).
Interestingly, Pali-Scholl et al [10] found that the degree of risk
for allergy appears to be directly related to the family history
of allergy and especially to maternal atopy. Furthermore, the
smoking habits of the mothers (P=.019) and the grandmothers
(P=.077) were associated with infant allergy according to
both the univariate and the multivariate analysis (Table S2).
Nonsmoking mothers were 90% less likely to have allergic
infants than smokers. Likewise, nonsmoking grandmothers
were associated with a decreased risk of having an allergic
infant (OR=0.28; P=.05).

16S rRNA gene sequencing was performed on samples from
infants aged between 4 and 6 months. A total of 19 523 010
sequences were generated; of these, 12 955 391 remained
after filtering for quality and length and removal of chimera,
resulting in 9641 amplicon sequence variants (ASVs) for the
gut microbiome. Supplementary Figures S3A and S3B show
the relative abundance of the bacterial phyla and families found
in individuals of the 3 generations according to allergy. The
composition of the fecal microbiome differed between adults
and infants (PERMANOVA, P=.017). Analysis of o diversity
(Shannon diversity index) and richness revealed a statistically
significant increase in adults compared with infants (P<.001)
(Figure S4).

Differences regarding abundant bacterial families and
ASVs between the infant groups were identified using the
ANCOM-II method. Interestingly, the relative abundance of
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Prevotellaceae and Acidaminococcaceae, 2 of the families with
the lowest relative abundances, differed significantly between
allergic and control infants (Supplementary Figure S3C).
However, no significant differences were detected between
allergic and nonallergic mothers or grandmothers. The most
remarkable differences due to the feeding regimen of infants
were observed between infants fed with hydrolysate and those
fed with formula milk (PERMANOVA, P=.005), namely, an
increased presence of Prevotellaceae in the formula group
(Figure S3D). Previous studies have shown that a decrease in
this genus in the lung microbiota is associated with asthma
and chronic obstructive pulmonary disease [11]. In other
studies, the increased abundance of Prevotella has been
associated with rheumatoid arthritis [12] and inflammatory
bowel disease [13]. The distinct gut microbiota composition
associated with infants’ diet is shown in Figure S5. As the
formula milk ingested by infants was not the same in all
cases, the type and brand were requested in the questionnaires
given to the families. We observed no statistically significant
association with any of the brands or the marked increase
in certain bacteria. The significant association between the
feeding regimen and allergy in infants may be explained by
the fact that for most of the infants diagnosed with CMA,
feeding was changed to hydrolysate either alone or combined
with breast milk (~70%) as part of regular clinical practice.
In contrast, most of the controls were fed with formula milk.
Therefore, it is very difficult to separate both variables, as each
infant's diet was conditioned by their allergic status.

The recruitment of a larger number of breastfed control
infants would have been preferable to overcome this bias
in the diet. Comparison of microbiota between formula-fed
and breastfed control infants was not possible owing to the
low number of breastfed control infants. However, it was
difficult to recruit more breastfed controls because of the
reluctance of nonallergic families to participate in the study.
In addition, in Spain, formula milk is usually introduced
when infants are 4 months old, immediately after maternity
leave. Consequently, the number of breastfed controls that
fulfilled the inclusion criteria was reduced. It is also worth
mentioning that allergic infants with a mixed feeding regimen
of breast milk and formula milk (Table S1) did not tolerate
formula milk proteins. They ingested formula milk before
the allergic reaction occurred, and samples were collected
the following day.

Aiming to investigate the dissimilarity between infants,
mothers, and grandmothers of the same family, we computed the
Bray-Curtis distance between infants and mothers (I-M), mothers
and grandmothers (M-G), and infants and grandmothers (I-G).
Figure S3E shows that the M-G distance was shorter than the
I-M and I-G distances, consistent with the close similarities
between adult microbiotas and the differences with the infant
gut microbiota. Additionally, the distance between members of
the same family was similar, regardless of allergy, suggesting
similar inheritance and development of the microbiota in
healthy and allergic infants.

Several authors have reported the association between age
and the human microbiome [14], although very few reported
intergenerational results [15]. Ours is the first longitudinal
study to present results for 3 generations with fecal
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microbiome data. Its main strengths include the heterogeneity
of the samples, rigorous determination of CMA, and the
use of high-throughput, culture-independent techniques for
identification of microbiota. We provide important insights
into the transgenerational risk factors for infant allergy and into
microbiome composition. We identified maternal smoking as a
risk factor in the development of CMA allergy. We show that
the Prevotellaceae family was significantly more frequent in
control infants and formula-fed infants than in allergic infants
and hydrolysate-fed infants, respectively. However, it was
not possible to assign those differences to either the infants’
allergy or their feeding regimen, since samples were collected
at only 1 timepoint and once CMA had appeared. We did not
find a bacterial signature transmitted by the maternal route
that predisposed to CMA in infants at the timepoints assessed.
Further prospective longitudinal studies with follow-up over
close intervals will be necessary to investigate the presence
of such a signature.
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