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INTRODUCTION

Abstract

Objective: To detect and quantify Bifidobacterium spp. and Lactobacillus spp. in the intestinal microbiota (IM) of 
children with Pierre Robin sequence (PRS) during the first and second months of life, and to verify possible influences 
on the definitive establishment of the IM. Design: Longitudinal, descriptive study. Setting: Tertiary cleft care center. 
Participants: Six children, one male and five females, who were hospitalized for the management of their condition, 
were evaluated during the first (M1) and second (M2) months of life. Interventions: Fecal samples were collected and 
analyzed through DNA extraction for the quantification of anaerobic genera Bifidobacterium spp. and Lactobacillus 
spp. Socioeconomic and clinical data on the children were also collected. Main outcome measures: The number 
of copies of bacterial species was calculated for each fecal sample. Results: The genus Bifidobacterium was present 
in all children analyzed, with a significant increase at M2 for five children. The number of copies per gram of feces 
ranged from 1.8 × 10⁷ to 5.5 × 10¹¹ at M1 and from 4.2 × 108 to 3.0 × 10¹² at M2. The genus Lactobacillus sp. was not 
present in all children, being detected in low quantities, with averages ranging from 8.5 × 10³ to 9.7 × 108 copies per 
gram of feces at M1. At M2, only one child presented a quantification of 8.1 × 104, while two other children showed 
an absence of the microorganism at both M1 and M2. Conclusions: The bacterial colonization of the gastrointestinal 
tract of children with PRS is influenced by specific clinical and environmental factors. A healthy intestinal microbiota 
is essential for the development and immunity of newborns, but PRS-associated challenges affect microbiota diversity.

Keywords: Pierre Robin Sequence. Stool Microbiota. Gut Microbiota.

The initial colonization of the gut mi-
crobiota is fundamental for the immune, 
nutritional, metabolic, and neurological de-
velopment of newborns. The presence of be-
neficial bacteria, such as those provided by 
breastfeeding, supports neonatal health by 
delivering oligosaccharides, immune cells, 
and other essential components1. The early 
years of life represent a critical window for 
acquiring and stabilizing a healthy microbial 
community, which directly influences the 
immune system. The concept of the 'first 
1000 days of life' has been proposed to em-
phasize the importance of health care from 
conception through the second year of life2.

Several factors during childhood, inclu-
ding limited breastfeeding, antibiotic use, ex-
posure to environmental contaminants, and 
inadequate nutrition, shape microbiota com-
position by promoting pathogenic bacteria 
over beneficial symbionts. This imbalance 
can lead to increased intestinal permeabili-
ty, disrupted production of short-chain fatty 
acids (SCFAs), and systemic inflammation, ul-
timately affecting overall health later in life3,4. 
Such disruptions are associated with increa-
sed risks of inflammatory diseases, diabetes, 
obesity, and allergies.

The human gut microbiota plays a vital 
role in the host's health and nutrition from 
its establishment. On average, by two years 
of age, the diversity of microorganisms is 
established to interact with the host throu-
ghout life. The colony population is essen-
tially composed of anaerobic and aerobic 
bacteria, reaching 1010 to 1014 microorganis-
ms per gram of feces5-13. Intrinsic and extrin-
sic factors, such as diet, antibiotic use, age, 
geographic location, drug therapies, enteric 
diseases, craniofacial malformations, socio-
economic status, nutrition, type of delivery, 
and breastfeeding, specifically shape the mi-
crobiota of each individual6, 8-13,14-23.

The microbiota provides protective effects 
to the host, such as stimulation of the immu-
ne system and secretion of anti-inflammatory 
cytokines, inhibition of the growth of patho-
genic microorganisms, improved absorption 
of essential nutrients, and synthesis of vita-
mins7,12. Conversely, when there is an imba-
lance, there is a noticeable association with 
diarrhea, liver damage, carcinogenesis, infec-
tions, and bowel putrefaction24.

It is assumed that the gastrointestinal tract 
of humans is colonized by more than 500 mi-
croorganism species, with culturable bacte-
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ria accounting for only 20-30%. Thus, mole-
cular techniques have been applied to better 
know the microbial composition. The real-ti-
me PCR technique (qPCR) is used to deter-
mine the unique number of bacteria throu-
gh primers designed for specific regions of 
the 16S rRNA gene. This technique is much 
more sensitive compared to classic PCR, as 
it can detect bacterial cells per gram of feces 
at low concentrations25-29. Thus, this method 
was selected to analyze the participation of 
anaerobic bacteria in the intestinal microbial 
community of the group of children with 
Pierre Robin Sequence (PRS)26.

Few studies have investigated the gut mi-
crobiota in newborns with craniofacial mal-
formations, such as Pierre Robin Sequence 
(PRS), which requires specific and multidisci-
plinary treatment for full rehabilitation. PRS 
is characterized by a triad of anomalies: mi-
crognathia (mandibular hypodevelopment), 

glossoptosis (posterior tongue displacement) 
and cleft palate, which together lead to fe-
eding difficulties, airway obstruction, and, 
in severe cases, respiratory failure. Studies 
have suggested a genetic involvement, in-
cluding regions such as 4q32-qter and SOX9 
(17q24.3-q25.1), indicating a complex pa-
thogenesis. At the Hospital for Rehabilitation 
of Craniofacial Anomalies of the University 
of São Paulo (HRAC-USP), patients receive 
multidisciplinary care to support rehabilita-
tion and social integration30-33.

Considering the important role of the IM in 
human health and the lack of studies on chil-
dren with PRS, this study aimed to detect and 
quantify bacteria of the genera Bifidobacterium 
spp. and Lactobacillus spp., which are compo-
nents of the IM in children with PRS treated at 
HRAC-USP during their first and second mon-
ths of life, to investigate possible influences on 
the definitive establishment of the IM.

This study was approved by the Institutio-
nal Review Board of HRAC-USP on June 26th, 
2012. The parents or caretakers signed an in-
formed consent form.

Sample collection
A longitudinal descriptive study was con-

ducted on six children with PRS, one male and 
five females, during the first (M1) and second 
(M2) months of life, analyzing the IM profile, 
detecting and quantifying bacteria of gene-
ra Bifidobacterium sp. and Lactobacillus sp., 
as well as external colonization factors, such 
as age, geographic location, drug therapies, 
socioeconomic level, nutritional status, type 
of delivery, breastfeeding, and antibiotic use. 
Parents or caretakers were interviewed in pri-
vate rooms, and after being informed about 
the study, they signed the informed consent 
form and received sterile containers for sam-
ple storage. Feces collection was carried out 
at the time of hospitalization, following the 

interview and parental or guardian authoriza-
tion. After collection, the samples were imme-
diately sent to the Clinical Laboratory at HRA-
C-USP and kept refrigerated at -80°C until IM 
evaluation.

Clinical information
Children in the present study were cared 

for by professionals of HRAC-USP since the 
first month of life, with daily information avai-
lable in the patients' medical records. Thus, it 
was possible to verify that all children were 
born via surgical delivery, being five at term 
and one at 34 weeks of pregnancy, being con-
sidered preterm (child 4). Five families were 
of middle socioeconomic status and one was 
of lower-middle status. In general, the parents 
had good educational level and high income; 
the families lived in their own brick houses, 
with access to electricity, tap water and pro-
per sewerage system. Most children with PRS 
were not breastfed due to glossoptosis and 

MATERIALS AND METHODS
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dysphagia; however, two mothers were able 
to pump and offer breastmilk in the bottle for 
the children during 3 days (child 4) and 20 
days (child 6), alongside formula.

Events such as dysphagia, respiratory and 
feeding difficulties, utilization of nasopharyn-
geal and nasogastric tubes, and reflux were 
observed. Three children received hypercalo-
ric diet with glycose polymers (GP), medium-
-chain triglycerides (MCT) and infant formula 
1 (F1). All six children received drugs for the 
stomach, reflux and nausea, and only one did 
not receive ranitidine, a drug that reduces sto-
mach acid production. Child 1 was adminis-
tered multiple antibiotics: ampicillin (7 days); 
erythromycin (7 days); Cefepime (9 days); 
and azithromycin (7 days).

DNA extraction
The DNA of dry-collected samples was ob-

tained using the kit QIAmp DNA Stool Mini  
(Quiagem) for isolation of bacterial genomic 
DNA of fecal samples, following the manu-
facturer’s recommendations28. To obtain the 
bacterial DNA used in the standard curve, the 
growth curve of the quantified bacteria was 
established. Quantification reactions with 
primers for the anaerobic genera Bifidobacte-
rium spp. and Lactobacillus spp. and the stan-
dard curve construction were standardized. 
The concentration of primers was determined 
to reach an efficiency between 90 and 110% 
and the the reaction was optimized to a final 
volume of 20µL, being 2µL of DNA extracted 
from feces and the remaining volume compo-
sed of mix, primers and probes28.

Aliquots from the reading points of the 
log stage of growth of the quantified micro-
organisms were frozen until utilization. From 
these aliquots, DNA was extracted using the 
kit WizardGenomic DNA Purification (Prome-
ga), following the manufacturer’s instructions. 
Real-time PCR was performed on an equip-

ment 7500 Real-Time PCR System (Applied 
Biosystems). The anaerobic bacteria (Bifido-
bacterium animalis subsp. lactis HN019 and 
Lactobacillus acidophilus ATCC 4356) were 
inoculated in Lactobacilli MPRS broth (Dif-
co) and incubated for 24h, in anaerobiosis, 
at 37°C28,34.

The Bifidobacterium spp. population was 
quantified using the system TaqMan®, which 
allowed definition of the concentrations of 
primers in 300nM, both forward and reverse, 
and 250nM for the probe with FAM reporter 
and NFQ-MGB quencher, since in these condi-
tions the efficiency of reaction was 90.516%. 
A total of five serial decimal dilutions of Bifi-
dobacterium animalis subsp lactis HN019 ge-
nomic DNA were used for construction of the 
standard curve. The initial point on the curve 
had concentration of 5.3ng/µL. The quanti-
fication of Lactobacillus spp. was performed 
using the SYBR-Green® system, using the pri-
mers and probes described by Furet et al.28, 
with concentrations of 300nM for forward 
and reverse initiators, presenting efficiency 
of 93.237%. The melting curve evidenced the 
specificity of the reaction. A total of five serial 
decimal dilutions of genomic DNA of Lacto-
bacillus acidophilus ATCC4356 were used for 
constructing the standard curve, and the ini-
tial point had a concentration of 10.1ng/µL.

The threshold cycle, number of cycles at 
which the efficiency of fluorescence detection 
is 100% (region of exponential growth), was 
monitored28. The quantifications of samples 
were calculated on the Excel software, with 
the threshold cycle value (Ct) obtained during 
testing. These values were placed in the equa-
tion obtained from the constructed standard 
curve. The values achieved were corrected 
according to the sample dilutions30-33. 

The number of copies of bacterial species was 
calculated for each fecal sample, based on the Ct 
values, using the constructed standard curves35-39. 
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At two months, there was significant pre-
sence of the genus Bifidobacterium spp. in the 
microbiota of the children. All children pre-
sented great quantity of Bifidobacterium spp. 
and low quantity of Lactobacillus spp., which 
determined each colonization profile. 

The genera Lactobacillus and Bifidobacte-
rium were quantified in the first and second 
months of life of six children with PRS. The 
genus Bifidobacterium was present in all the 
children analyzed and presented a signifi-
cant increase in the number of copies/g of 
feces in the second month for five children. 
However, one child presented a slight decre-
ase (Table 2), indicating the lack of a pattern 
in colonization. The number of copies/g of 
feces ranged from 1.8x107 to 5.5x1011 in 

M1 and from 4.2x108 to 3.0x1012 copies/g 
of feces.

The Lactobacillus sp. genus was not pre-
sent in all children, being detected in low 
quantity, with an average ranging from 
8.5x103 to 9.7x108 copies/g of feces in 
M1, while in M2 only one child presented 
a quantification of 8.1x104. Other two chil-
dren (numbers 1 and 6) showed no presence 
of the microorganism in both M1 and M2. 

The quantification of bacteria according 
to breastfeeding evidenced that children 1 
and 6, who received breastmilk, had an in-
crease in Bifidobacterium spp. and a reduc-
tion or total absence of Lactobacillus spp., 
alike the other children. Each child presented 
a fecal microbiological profile.

Table 1 - Clinical information of hospitalized children with Pierre Robin Sequence, including gender, origin, 
use of antacid drugs, socioeconomic level, diet, and breastfeeding, Bauru, SP.

RESULTS

Child N. Gender Origin Use of 
Ranitidine

Socioeconomic 
Level Delivery Hypercaloric 

Diet Breastfeeding TFFA NPT NGT

1 F GO Yes Middle Surgical Yes No Yes Yes Yes

2 F SP Yes Middle Surgical No No Yes Yes Yes

3 F SC No Middle Surgical No No Yes Yes Yes

4 F SP Yes Lower-middle Surgical Yes Yes No No Yes

5 M AL Yes Middle Surgical Yes No Yes Yes Yes

6 F RJ Yes Middle Surgical No Yes No Yes Yes
 
Captions: AL = Alagoas; GO = Goiás; RJ = Rio de Janeiro; SC = Santa Catarina; SP = São Paulo.
FFT – Feeding-facilitating techniques
NPT – Nasopharyngeal tube
NGT – Nasogastric tube
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Table 2 - Quantification of number of copies of DNA/g of feces, Bauru, SP.

The microbiota is composed of several 
microorganisms that colonize the host from 
birth and stabilize around the age of two. 
The development of interactions between 
microorganisms and host gives rise to a heal-
thy environment that becomes important to 
human health. These microorganisms act as 
a source of nonspecific antigens and immu-
nomodulators, stimulating local and systemic 
immune responses and influencing the num-
ber and distribution of the lymphoid tissue 
cell population associated with the gut, and 
also acting in the defense against invading 
pathogens7,8,12. However, several factors in-
fluence the microbiota establishment and 
stability, including diet6,9-11,13,21, use of anti-
biotics12,15, age8,15, geographic location14,17,18, 
drug therapies19,20, enteric diseases40, cranio-
facial malformation23 and hormonal status31.

This study identified significant differen-
ces in the IM composition in a small group 
of children with PRS by quantifying the bac-
terial genera Bifidobacterium sp. and Lacto-
bacillus sp.

Bacteria of the genus Bifidobacterium are 
part of the microbiota of the human lower 
gastrointestinal tract and have no pathoge-
nicity. Some of their known benefits inclu-
de improvement of the nutritional value of 
some foods, control of intestinal infections in 
children, anticarcinogenic activity, activation 
of the immune system and protection against 
infections by pathogenic microorganisms. 
Lactobacillus spp. are used in nutritional su-
pplementation, since they act as an effective 
treatment in preventing and combating va-
rious diseases, without the risk of attacking 
or poisoning the body. Since they protect 
the intestinal microbiota, therapeutic supple-
mentation with Lactobacillus is recommen-
ded during and after antibiotic therapy41,42.

These two bacterial genera are known as 
probiotic organisms and are defined as live 
microorganisms used as food supplements to 
improve the host’s health when administered 
at the correct dosage. They are therapeutic 
agents that acidify the intestinal microbio-
ta, thus preventing the development of pa-

DISCUSSION

M1 M2 M1 M2

1 1.5E+08 4.2E+08 0.0 0.0

2 5.5E+11 1.4E+11 1.6E+06 0.0

3 9.7E+08 2.4E+10 2.4E+06 0.0

4 1.1E+11 3.0E+12 9.7E+08 0.0

5 8.8E+09 2.9E+10 8.5E+03 8.1E+04

6 1.8E+07 8.2E+09 0.0 0.0
 
M1 = first month of life 
M2 = second month of life

SYSTEM 
TARGET

Child nº.

TaqMan®

300/300/250nM
Vol 20µL

SYBR® Green I
300/300nM
Vol 20µL

Bifidobacterium spp. Lactobacillus spp.
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thogenic microorganisms. They also play an 
antibacterial and anti-inflammatory role and 
can alter the microbial composition42.

Most children with PRS in this study are fe-
males. This agrees with the reports of Meyer 
et al.43 and Pinheiro Neto et al.44.

One factor that may influence the 
newborn microbiota is the type of delivery. 
At this moment, mainly during normal deli-
very, the baby has contact with bacteria from 
the mother's vaginal and fecal microbiota or 
bacteria from the environment and, during 
surgical delivery, there is likely contact with 
surgical devices, along with the mother's pre-
sence with signs of affection, like kisses. In 
this research, it was found that all children 
were born by surgical delivery, in agreement 
with data from Vieira and Pereira45.

According to the results (Table 1), most 
children were not breastfed. With breastfe-
eding and oxygen consumption from the in-
testinal lumen, bacterial genera may appear, 
such as Bifidobacterium spp., which can vary 
in quantity depending on the time of breas-
tfeeding, since human milk presents growth 
factors for this respective genus, along with 
Lactobacillus spp., Bacteroides spp., Eubacte-
rium spp., among others. All children were 
colonized by Bifidobacterium spp., present 
in greater quantities than Lactobacillus spp. 
during the first sixty days of life. This result 
was similar to the studies conducted by Ta-
larico29.

Breastfeeding, along with the introduc-
tion of supplementary formulas and so-
lid foods, is related to the development of 
strictly anaerobic populations42. This favors 
an increase in the quantity of bacteria of ge-
nera Bifidobacterium spp. and Lactobacillus 
spp., as described by Vael and Desager46. 
The genus Lactobacillus spp. was not found 
in all children, differing from the studies by 
Talarico29, but similar to those by Jost et al.47, 
which quantified this genus in a sample of 
seven children.

At birth, due to contact with the mother’s 
microbiota, the environment and other ex-
ternal factors, newborns will have a diverse 
population of bacteria that stabilizes after 
the second year of life5. The importance of 
these microorganisms is so relevant that one 
of the main colonizing genera, such as Bifi-
dobacterium spp., is used for the treatment 
and prevention of gastrointestinal diseases48.

According to Vandenplas et al.49, the 
balance of the microbiota can also be alte-
red by the use of drugs, changing its com-
position, opening the way for pathogenic 
microorganisms. Vieira et al.45 showed that 
the quantity of some genera, such as Bifi-
dobacterium spp. and Lactobacillus spp., is 
significantly decreased after 24 hours of use 
of cefazolin in palatal repair surgeries, whi-
ch can generate negative complications for 
the host. The present study revealed that the 
majority of children used ranitidine (antacid). 
The effects of antibiotics on the composition 
of IM in this group of children demonstra-
ted heterogeneity during the study period. 
It was possible to observe change in the mi-
crobiota profile in some children according 
to the group and period. According to some 
authors, the antibiotic treatment causes dis-
turbances in the expected patterns of Bifi-
dobacterium spp. and excessive growth of 
enterobacteria17. The present study revealed 
that the use of antimicrobial drugs interferes 
with the individual variability of the intestinal 
microbiota.

Molecular techniques to assess diversity, 
individual variability and complexity of the 
microbiota have been applied in the most 
recent studies, regardless of microbiological 
culture. qPCR is a procedure used to detect 
and quantify specific bacteria, using primers 
designed to recognize specific regions of 
rRNA. This enables the detection of bacterial 
cells per gram of fecal sample at lower con-
centrations compared to the conventional 
technique25,26-28.
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This study demonstrated that the esta-
blishment of the gut microbiota in children 
with PRS is influenced by clinical and envi-
ronmental factors, with significant variability 
in bacterial composition between individu-
als. A healthy gut microbiota is vital for the 
immunological and developmental health of 
newborns; however, children with PRS face 
unique challenges that hinder the establish-

ment of a balanced microbiota. These findin-
gs highlight the importance of tailored care 
strategies for PRS patients, including early 
intervention to promote breastfeeding and 
cautious use of antibiotics. Additionally, futu-
re research should focus on comparing PRS 
patients with healthy controls to understand 
the deviations from the expected norm and 
their potential implications.
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