
Original Article

 J. Clin. Biochem. Nutr. | September 2016 | vol. 59 | no. 2 | 113–121doi: 10.3164/jcbn.15�148
©2016 JCBN

JCBNJournal of Clinical Biochemistry and Nutrition0912-00091880-5086the Society for Free Radical Research JapanKyoto, Japanjcbn15-14810.3164/jcbn.15-148Original ArticleVitamin A deficiency impacts the structural 
segregation of gut microbiota in children 
with persistent diarrhea
Zeyu Lv,1,2,† Yuting Wang,2,3,† Ting Yang,1,2 Xue Zhan,2,3 Zhongyue Li,2,3 Huajian Hu,2,3 Tingyu Li1,2 and Jie Chen1,2,*

1Children’s Nutrition Research Center and 3Department of Gastroenterology, Children’s Hospital of Chongqing Medical University, Zhongshan Second Road of
Yuzhong District, Chongqing 400014, China
2Ministry of Education Key Laboratory of Child Development and Disorders, Key Laboratory of Pediatrics in Chongqing, 
Zhongshan Second Road of Yuzhong District, Chongqing 400014, China

†These authors contributed equally to this work.
*To whom correspondence should be addressed.    
E�mail: jchen010@cqmu.edu.cn

9(Received 4 December, 2015; Accepted 23 March, 2016; Published online 6 August, 2016)

Copyright © 2016 JCBN2016This is an open access article distributed under the terms of theCreative Commons Attribution License, which permits unre-stricted use, distribution, and reproduction in any medium, pro-vided the original work is properly cited.To investigate whether gut microbiota is associated with vitamin

A nutritional levels in children with persistent diarrhea, a total of

59 pediatric patients with persistent diarrhea aged 1–12 months

were selected from the Department of Gastroenterology at the

Children’s Hospital of Chongqing Medical University, China.

Subjects were hospitalized and divided into VA�deficient (n = 30)

and VA�normal (n = 29) groups according to their venous serum

retinol levels. Fecal samples from all 59 subjects were collected

immediately after admission and analyzed by Illumina MiSeq for

16S rRNA genes to characterize the overall microbiota of the

samples. The gut microbiota of the VA�deficient and VA�normal

groups were compared using a bioinformatic statistical approach.

The Shannon index (p = 0.02), Simpson index (p = 0.01) and

component diagram data indicated significantly lower diversity in

the VA�deficient than the VA�normal group. A metagenome

analysis (LEfSe) and a differentially abundant features approach

using Metastats revealed that Escherichia coli and Clostridium

butyricum were the key phylotypes of the VA�normal group,

while Enterococcus predominated the VA�deficient group. In

conclusion, the diversity of gut microbiota and the key phylotypes

are significantly different in children with persistent diarrhea at

different VA nutritional levels.

Key Words: vitamin A deficiency (VAD), gut microbiota, 

key phylotype, persistent diarrhea (PD), children

IntroductionDiarrhea is the second leading cause of death of children in
developing countries and contributes to 1.5–2.5 million

deaths annually in children under the age of 5.(1,2) Diarrhea lasting
more than 14 days is known as persistent diarrhea (PD) or chronic
diarrhea. In 3–19% of diarrheal patients, acute onset is followed
by a persistence of 14 or more days.(3) PD is associated with over
50% of diarrhea-related deaths in developing countries.(4) PD has
multiple causes including infection, protein-energy malnutrition,
allergy, and dietary intolerance.(5,6) Infection with bacterial patho-
gens and damage to the intestinal barrier has been incriminated
as the central mechanisms in PD.(7,8)

Vitamin A deficiency (VAD), a major nutritional concern, is
considered a global public health issue by UNICEF and the
WHO.(9) Increased episodes of diarrhea are correlated with a
higher prevalence of VAD. Qiu et al.(10) reported that the rate of
VAD in children with diarrhea was 2.37-fold higher than that in
normal children. Furthermore, vitamin A (VA) supplementation
decreased diarrheal morbidity and mortality in children.(11–14) The
popularity of VA supplementation has significantly decreased
the hospitalization rate of children with PD in Bangladesh.(15)

Nevertheless, the mechanism explaining how VA supplementation
treats PD remains unclear.
Our previous study found that 81.89% of 127 children with

PD had VAD; 94.49% had microbiota dysbiosis; and 78.74%
had both VAD and microbiota dysbiosis.(16) A survey in India
indicated that VAD is an independent risk factor for PD.(17) Amit-
Romach et al.(18) also showed that a VAD diet increased the total
amount of bacteria in the gastrointestinal tract of rats and altered
their intestinal microbiota. However, few reports have correlated
the level of VA with the gut microbiota of children with PD. Our
current study examines the changes in the gut microbiota of
children with PD at different VA blood levels and the key phylo-
types that might explain these differences.

Materials and Methods

Subjects and sample collection. A total of 59 children with
PD aged 1–12 months were recruited from the Department of
Gastroenterology in the Children’s Hospital of Chongqing Med-
ical University, China. Clinical history, venous blood and fecal
samples were obtained immediately after admission. All subjects
were HIV-negative and without serious heart, liver, kidney, or
blood diseases. Stool samples were collected from all patients with
PD without probiotic treatment. The sample size of the present
study was calculated according to the computational formula of
n1 = n2 =

We found that the ratio of microbiota dysbiosis in the VAD
children with PD was 81% (p1) and 41% in the VAN children with
PD (p2);(16) thus p = (p1 + p2)/2 = 0.606. If α = 0.05, β = 0.10,
then n1 = n2 = 29.44 after applying the above formula. The
current study was approved by the Ethics Committee of Children’s
Hospital of Chongqing Medical University, China (Approval No.
008/2013), and documented written informed consent was
obtained from the parents or guardians of all study participants.

Diagnostic criteria. All patients met the diagnostic criteria
for PD.(19) Malnutrition was defined based on anthropometric
measurements that fell below 2 standard deviations of the normal
weight-for-age (underweight), height-for-age (stunting) or weight-
for-height (wasting) values.(20) Allergy was diagnosed by skin
testing and food-specific serum IgE.(21) A serum retinol level of
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0.7 μmol/L is the classic clinical human limit based on high-
performance liquid chromatography (HPLC). According to the
WHO standard, serum retinol levels >0.7 μmol/L indicate a
normal VA level; levels <0.7 μmol/L indicate a VA deficiency.
In the current study, therefore, we divided the 59 patients with
PD into the two groups of VAN (n = 29) and VAD (n = 30)
according to the WHO standard (http://apps.who.int/iris/bitstream/
10665/44110/1/9789241598019_eng.pdf).

Serum retinol detection. Human blood was collected to
detect serum retinol levels using HPLC following a previously
described method(22,23) with slight modifications. Briefly, the residue
was dissolved in a 0.1-ml mobile phase. A portion (20 μl) of
the sample was injected into a column installed with the HPLC
apparatus (SHIMADZU, Tokyo, Japan). The mobile phase was a
methanol- distilled H2O mixture (97:3). The retinol concentration
was determined using spectrophotometry at 315 nm. All proce-
dures were performed by the same operator in a dark room to
protect the serum from light.

DNA extraction and PCR amplification. Microbial DNA
was extracted from the fecal samples (5 g) using the E.Z.N.A.®

DNA Kit (Omega Bio-tek, Norcross, GA) according to the manu-
facturer’s instructions. Successful DNA isolation was confirmed
by 1% agarose gel electrophoresis.
Before sequencing, each DNA sample was amplified with a

set of primers targeting the hypervariable V4–V5 region of the
bacterial 16S ribosomal RNA gene. Specific primers were 515F
5'-barcode-GTGCCAGCMGCCGCGG-3' and 907R 5'-CCG
TCAATTCMTTTRAGTTT-3', where the barcode was an eight-
base sequence unique to each sample. PCR reactions were

conducted in triplicate with a 20 μl reaction system containing
4 μl of 5 × FastPfu Buffer, 2 μl of 2.5 mM dNTPs, 0.8 μl of
each Primer (5 μM), 0.4 μl of FastPfu Polymerase and 10 ng of
template DNA. The amplification program was performed under
the following conditions: 95°C for 2 min, followed by 25 cycles at
95°C for 30 s, 55°C for 30 s and 72°C for 30 s and a final exten-
sion of 72°C for 5 min.

Illumina MiSeq sequencing. After extraction from 2%
agarose gels, amplicons were purified using the AxyPrep DNA
Gel Extraction Kit (Axygen Biosciences, Union City, CA)
according to the manufacturer’s instructions and quantified using
QuantiFluorTM-ST (Promega, Madison, US). Purified amplicons
were pooled in equimolar ratios and paired-end sequenced
(2 × 250) on an Illumina MiSeq platform,(24) which was conducted
by Majorbio Bio-Pharm Technology Co., Ltd. (Shanghai, China).
The raw reads were deposited into the NCBI Sequence Read
Archive (SRA) database (Accession No.: SRP055873).

Bioinformatic analysis. Raw fastq files were quality-filtered
using QIIME(25) with the following criteria: (1) The 250 bp reads
were truncated at any site receiving an average quality score <20
over a 10 bp sliding window, discarding the truncated reads that
were shorter than 50 bp; (2) Exact barcode matching, 2 nucleotide
mismatch in primer matching, and reads containing ambiguous
characters were removed; (3) Only sequences that overlapped
longer than 10 bp were assembled according to their overlap
sequence. Reads that could not be assembled were discarded.
After cumulative sum scaling normalization and zero correction

being performed, sets of sequences with 97% identity were
clustered into an operational taxonomic unit (OTU) using UPARSE

Table 1. Summary information of subjects

Note: †chi�square test, ‡independent�samples t test, §MANOVA.

VAD (n = 30) VAN (n = 29) p value

No. 30 29

Sex 0.37†

Male 20 16

Female 10 13

Malnutrition 0.31†

Yes 12 8

No 18 21

Allergy 0.36†

Yes 14 17

No 16 12

Feeding 0.34†

Breast milk 7 4

Formula 14 19

Mixed feeding 9 6

Antibiotics time 0.12†

≤3 days 10 14

3–7 days 5 8

>7 days 15 7

Age (months) 4.9 ± 2.2 5.6 ± 2.8 0.28‡

PD Duration (days) 50.9 ± 23.7 52.0 ± 24.4 0.68‡

Vitamin A (μmol/L) 0.51 ± 0.13 0.97 ± 0.23 <0.001§

Table 2. MANOVA of community features

Variables VAD (n = 30) VAN (n = 29) Univariate F p value

Reads 10,911 10,911 0 1

OTUs 45.6 ± 17.5 47.8 ± 25.3 0.85 0.36

Chao 60.9 ± 22.9 63.8 ± 26.8 1.44 0.24

Shannon 1.02 ± 0.63 1.36 ± 0.42 5.47 0.02

Simpson 0.56 ± 0.27 0.40 ± 0.17 6.84 0.01
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(ver. 7.1 http://drive5.com/uparse/). OTUs that reached 97% simi-
larity level were used for community richness (Chao), community
diversity (Shannon, Simpson), rarefaction curve analysis, and
Shannon-Wiener curve analysis using Mothur (ver. 1.30.1 http://
www.mothur.org).(26) An unweighted UniFrac distance metrics
analysis using the OTUs,(27) a principal component analysis (PCA)
and a permutational MANOVA based on the matrix variable of
PCA were applied to reflected the differences and distances
among the 59 samples. To more effectively distinguish between
the two groups, a partial least-squares discriminant analysis
(PLS-DA) was conducted using the mixOmics package.
To obtain species classification information for each OTU, the

Ribosomal Database Project (RDP) classifier(28) was utilized to
perform a taxonomic analysis in accordance with the Silva
(SSU115)16S rRNA database at a 70% confidence level.
Community structure component diagrams and heatmap figures
were generated in accordance with taxonomic information of each
sample. Differentially abundant features and false-discovery rate
(FDR) analyses were performed using Matastats. In addition,
linear discriminant analysis (LDA) effect size (LEfSE) was
determined using LEfSE software to determine the community or
species that most influenced the group divisions. After acquiring
features that were significantly different at various bacterial
levels by LEfSe, the non-parametric factorial Kruskal-Wallis
(KW) sum-rank test and LDA were performed to determine
whether these features were in accordance with the expected
behavior of the different bacterial levels.

Statistical analyses. Student’s t test, chi-square test,
MANOVA, Spearman’s rank correlation and Kruskal-Wallis
test were performed using SPSS ver. 21.0 for Windows. Linear
correlation analyses were applied between variables. Significance
was accepted at p<0.05.

Results

Comparison between the VAN and VAD groups. The
basic medical information for the 59 patients with PD is displayed
in Table 1. The average age was 4.9 ± 2.2 months for the VAD
group and 5.6 ± 2.8 months for the VAN group. The M:F ratio

Fig. 2. PCA and PLS�DA. (A) PCA scores were plotted based on the relative abundance of OTUs. (B) PLS�DA was plotted based on the unweighted
UniFrac distance metrics. The red circles represent persistent diarrhea (PD) children with VA deficiency (VAD), and blue squares represent PD
children with VA normal (VAN). See color figure in the on�line version.

Fig. 1. Rarefaction curves for the VAD and VAN groups of children
with PD. Rarefaction curves were calculated at 97% identity OTUs in the
gut microbiota of the VAD and VAN groups of PD children by Mothur
software. The blue curves represent PD children with VAD, and red
curves represent PD children with VAN. See color figure in the on�line
version.
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was 2:1 in the VAD group and 1.2:1 in the VAN group; these
differences were not significant (p>0.05). The VAD and VAN
groups did not differ significantly with regard to their nutritional
status, history of allergies, feeding, antibiotic use times, or dura-
tion of diarrhea (see Table 1). Interestingly, the average serum
retinol level of the VAD group was 0.51 ± 0.31 μmol/L, which
was significantly decreased compared with the VAN group
(0.97 ± 0.23 μmol/L) when including the aforementioned potential
confounds in a MANOVA (Table 1).

Reasonable sequences and OTUs. After optimization, a
total of 643,749 high-quality sequences were obtained from the
59 samples by MiSeq sequencing. We acquired numerous OTUs
from valid sequences showing 97% similarity for further statistical
analyses. As shown in Table 2, no significant differences were
found in the sequences and OTUs between the VAD and VAN
groups.
Along with an increase in the amount of sequencing, the

rarefaction curves of all the samples shown in Fig. 1 tended to
be smooth. The approach of these rarefaction curves to the satura-
tion plateau demonstrates that our sequencing data volume was
reasonable for the present study.

Differences in intestinal microbiota at different levels
of VA. To assess differences in the intestinal microbiota of PD
subjects with different VA levels, the unweighted Unifrac distance
matrix was calculated according to the OTUs of each sample.
Based on the relative abundance of the OTUs, the PCA revealed a
separation of the different VA levels based on the first two
principal component (PC) scores, accounting for 51.78% and
17.37% of explained variances (Fig. 2A). In addition, we analyzed
the matrix variable of PCA using the permutational MANOVA
method, and the p value clearly showed a difference between the
VAD and VAN groups (p = 0.027). In addition to PCA, the PLS-
DA clearly distinguished the VAD and VAN samples based on
the direction of the plsda 1 axis, explaining 29.83% of the total
variance (Fig. 2B). This segregation suggests the intestinal micro-
biota of patients with PD significantly differed across disparate
VA levels.

Higher community diversity in the VAN group. After
controlling for the influence of the potential confounds listed in
Table 1, a MANOVA was used to compare the VAD and VAN
groups with regard to community richness and diversity (Table 2).
The Chao estimator did not show a significant difference between
the VAD and VAN groups (p = 0.24), suggesting that the commu-
nity richness was similar for both groups. However, notable differ-
ences were observed with regard to the Shannon diversity index
(p = 0.02) and the Simpson diversity index (p = 0.01) between
the gut microbiota of the VAD and VAN groups. Both diversity
indices were correlated with regard to VA according to Spearman’s
rank correlation metric (Table 3), further confirming a higher
community diversity in the VAN group compared with the VAD
group.
In addition, the Shannon-Wiener curves of the samples were

consistent with the above inference (Fig. 3). Although those of
the VAD group were relatively scattered, the Shannon curves of
samples in the VAN group were generally higher than those of the
VAD group. The detailed information for each sample is shown in
Supplemental Table 1*.

More diversity features of community structure in the
VAN group. The community structure of the two groups
classified by phyla, class, family and genus is shown in Fig. 4.
Firmicutes was the predominant phylum, contributing to 68.06%

and 62.94% of the gut microbiota in the VAD and VAN groups,
respectively, followed by Proteobacteria, which contributed to
28.20% and 34.60%, respectively. Bacteroidetes was the next
most dominant phylum, contributing to 2.81% of the VAD group
and 1.72% of the VAN group (Fig. 4A). No significant differences
were observed between the VAN and VAD groups with regard
to the abundances of these three key phylotypes.
A total of 20 and 28 classes of bacteria were found in the VAD

and VAN groups, respectively. The dominant classes in the VAD
group were Bacilli and Gammaproteobacteria, while the prevailing
classes in the VAN group were Bacilli, Gammaproteobacteria
and Clostridia. Furthermore, the Bacilli class was highly enriched
in the VAD group (56.72%) compared with the VAN group
(36.99%; Fig. 4B). At the family level, less variety but more
abundant Enterococcaceae were found in the VAD group
(43.71%; Fig. 4C). At the genus level, 5 genera accounted for
more than 3% of the gut microbiota in VAD: Enterococcus
(44.71%), Escherichia-Shigella (14.36%), Klebsiella (11.80%),
Streptococcus (10.00%) and Veillonella (6.26%). However, 7
genera accounted for more than 3% of the gut microbiota in the
VAN group: Escherichia-Shigella (26.77%), Enterococcus
(21.62%), Streptococcus (10.53%), Clostridium (9.95%), Veillon-
ella (8.53%), Klebsiella (5.00%) and Lactobacillus (4.59%). In
addition, Escherichia-Shigella was more plentiful in the VAN
group, while Enterococcus was more enriched in the VAD group
(Fig. 4D).
As the features of community structure at the class, family and

Table 3. Correlations between VA and community diversity

VA levels Diversity index Spearman’s Rho p value

VA Shannon 0.314 0.015

VA Simpson –0.341 0.008

Fig. 3. Gut microbiota diversity comparison of the VAD and VAN
groups of children with PD via Shannon curves. Shannon curves were
obtained using Mothur software. The blue curves represent PD children
with VAD, and red curves represent PD children with VAN. See color
figure in the on�line version.

*See online. https://www.jstage.jst.go.jp/article/jcbn/59/2/59_15�148/_article/supplement
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genus level of the gut microbiota, there tend to be more diversity
in the VAN group than that in the VAD group.

Key phylotypes at different VA levels. A metagenome
analysis approach (LEfSe) was used to identify the key phylotypes
responsible for the differences between the two VA levels (Fig. 5).
Although no differences were found between the two groups at the
phylum level (see Fig. 4A), significant variations were observed
in the composition of the VAD and VAN samples at other bacte-
rial classification levels. Escherichia-Shigella (main component:
Escherichia coli) and Clostridia (main component: Clostridium
butyricum) was significantly more abundant in the VAN samples.
However, Bacilli (main component Lactobacillales), the most
predominant class in the VAD group, was highly enriched
compared with the VAN samples. An additional analysis found
that Enterococcaceae (main component: Enterococcus) was
significantly more abundant in the VAD group than the VAN
group (Table 4). The heatmap at the genus level also illustrates
this phenomenon (Fig. 6).
Consequently, Escherichia coli, Clostridium butyricum and

Enterococcus were the key phylotypes, contributing to the gut
microbiota differences at different nutritional VA levels.

Discussion

In a previous study, we found that fecal dysbiosis concomitant
with low VA levels was commonly present in children with PD,
suggesting that VA nutrition status is closely associated with fecal
dysbiosis in pediatric patients.(16) To our knowledge, the current
study is among the first to find significant differences in gut
microbiota diversity and key phylotypes in children with PD at
different VA nutritional levels. The establishment and evolution
of pediatric gut microbiota is a dynamic process, which is
influenced by many factors, including age,(29) gender,(8) feeding
patterns,(30) nutritional status,(31) and antibiotics. The current study
analyzed these factors to determine the effect of VA levels on the
gut microbiota.
The diversity and balance of the gut microbiota is important

for maintaining the normal biological barrier of the intestine.(32,33)

PD can be aggravated by an imbalance of gut microbiota in
genetically susceptible persons. VA is required for the prolifera-
tion and differentiation of epithelial tissues that maintain healthy
mucosal barriers against pathogens. Adequate VA levels allow for
the maintenance of the mucosal epithelial barrier and the balance

Fig. 4. Relative abundances of the bacterial communities in the gut microbiota of PD children with VAD or VAN levels. The relative abundances of
the bacterial communities at the phylum level (A), class level (B), family level (C), and genus level (D). “Others” represents unclassified bacteria. See
color figure in the on�line version.
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of the gut microbiota.(34,35) In this study, we found a significantly
lower diversity of gut microbiota in the VAD compared to the
VAN group of children with PD. However, no difference was
observed between the two groups with regard to the richness of gut
microbiota (see “Chao” richness estimator listed in Table 2).
Therefore, it can be inferred that VA promotes the variety and

balance rather than the richness of gut microbiota. Amit-Romach’s
study(18) revealed that a VAD diet decreased Lactobacillus sp.
but increased Escherichia coli in the gastrointestinal tract of rats;
however, the diet did not affect the relative amounts of Lactoba-
cillus and Bifidobacterium sp. in feces. The source of the samples,
the health of the animals and the species studied might help to

Fig. 5. Different structures of gut microbiota in PD children with VAD or VAN levels by LEfSE analysis. (A) A cladogram of the statistical and
biological differences in the gut microbiota between the VAD and VAN groups, which are shown by the color of the most abundant phylotypes (red
indicating VAD, green VAN and yellow non�significant). The diameter of each circle is proportional to its abundance. (B) A histogram of the LDA
scores for the most abundant phylotypes. See color figure in the on�line version.

Table 4. Differentially abundant features analysis of the VAD and VAN groups below the level of Lactobacillales

Order/family/genus VAD (n = 30) VAN (n = 29) p value q value

Lactobacillales 0.57 ± 0.07 0.36 ± 0.06 0.033 0.031

Enterococcaceae 0.44 ± 0.07 0.22 ± 0.05 0.024 0.096

Enterococcus 0.44 ± 0.07 0.22 ± 0.05 0.024 0.074
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explain these apparently different results.
A crucial component of gut microbiota diversity might be the

significant decrease of butyrate-producing bacteria in the gut
microbiota of patients with VAD. Adequate butyrate can suppress
over-growth of pathogenic bacteria and reinforce the intestinal
defense barrier.(36–38) This protection against gastrointestinal
diseases might be mediated by modulating transepithelial ion
transport,(39) reducing oxidative damage to DNA, and apoptosis
induction in DNA-damaged cells.(40,41) Butyrate is primarily
supplied by butyrate-producing bacteria in vivo, specifically the
Clostridium genera of Firmicutes.(42) Our sequencing analysis
showed reduced contributions of Clostridium and Clostridium
butyricum in the gut microbiota of patients with VAD, suggesting
a decrease of butyrate-producing bacteria in PD children with
low VA levels.
Another feature of the lower diversity of the gut microbiota in

patients with VAD might be a significant increase in opportunistic
pathogens. Enterococcus has been reported as one of the most
common opportunistic pathogens, and E. faecalis is the most
common species.(43) E. faecalis enhances the expression of pro-
inflammatory chemokine genes in intestinal epithelial cells(44) and
promotes colorectal inflammation in mice.(45) In addition, VA
deficiency leads to destruction of the gastrointestinal mucosal
barrier(18) and increases the risk of mucosal infection.(46,47) In our
study, Enterococcus was highly enriched in children with PD at
low VA status. Increased Enterococcus might result from the
destruction of the mucosal barrier via VA deficiency.
Moreover, we found that Escherichia coli was the dominant

genus of VAN, and Enterococcus was the prevailing genus of

VAD. This significant segregation indicated that different condi-
tional pathogenic bacteria are present in PD children with different
levels of VA. Although fecal samples do not completely represent
children’s intestinal microbiota, these results have meaningful
clinical applications; different antibacterial drugs might be chosen
for children with PD depending on their VA level.
We acknowledge that the present study has several limitations.

One potential limitation is the effect that antibiotics might have
on the gut microbiota of children with PD. Our study focused
only on the duration of the use of β-lactam antibiotics and found no
significant difference between VAD and VAN groups according
to a PCA (Supplemental Fig. 1*) or permutational MANOVA
(p = 0.714); however, antibiotic category (including cephalosporin
and penicillin) was not analyzed. Second, because of the limited
sample collection from patients, only fecal samples (and not intes-
tinal tissue) were analyzed, and these samples do not completely
represent the intestinal microbiota. Our next study should focus on
additional functional evidence regarding the difference in butyrate
production, the presence of opportunistic pathogens and the
biological mechanisms through which VA nutritional levels
affect bacterial diversity and gut microbiota alterations in children
with PD.
In conclusion, the diversity of gut microbiota and key phylo-

types differed significantly between PD children with different
VA nutritional levels. MiSeq sequencing of fecal microbiota
indicated that a decrease in butyrate-producing bacteria and an
increase in opportunistic pathogens might have partially caused
the reduced diversity in the VAD group.

Fig. 6. Heatmap analysis of the significantly different 20 genera in the gut microbiota of the VAD and VAN groups of children with PD. The
heatmap analysis demonstrates the relative proportion of each genus (Y�axis clustering) in each sample (X�axis clustering). The relative abundance
of each genus in each sample is depicted by color intensity at the bottom of the figure. See color figure in the on�line version.

*See online. https://www.jstage.jst.go.jp/article/jcbn/59/2/59_15�148/_article/supplement
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