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KEYWORDS Abstract The pathogenesis of non-organic anorexia in children is not clear. This study intends
Anorexia; to analyze intestinal bacteria to provide a relevant theoretical basis for the clinical rational
Intestinal microbiota selection of microecological agents. In the present study, children with non-organic anorexia
diversity; were included in the anorexia group and normal healthy children in the control group. Stool
High-throughput samples were collected for the bioinformatics analysis after PCR and high-throughput sequenc-
sequencing; ing. The results showed that the Ace, Chao, and Shannon indexes in the anorexia group were
Bacteria higher than those in the control group, while the Simpson index in the control group was lower

than in the anorexia group. There were 14 taxa in the anorexia group and 11 taxa in the healthy
control group at the phylum level, and 193 taxa in the anorexia group and 180 in the control
group at the genus level. The dominant bacteria at the phylum level of the two groups were
the same, while there were 16 dominant bacteria taxa in the anorexia group and 17 in the
control group at the genus level. The ratio of percentage abundance of Bacteroidetes to that
of Firmicutes (the B/F index) in the anorexia group was higher than in the control group. The
abundance of Bacteroidetes in the anorexia group was higher than that in the control group,
and the abundance of Actinomycetes in the control group was higher than that in the anorexia
group. There were significant differences in 14 dominant genera between the two groups at the
genus classification level. The LEfSe multilevel species difference analysis showed that at the
phylum level, the significant influential bacterial taxa in the anorexia group were Bacteroidetes
and Actinobacteria in the control group. At the genus level, the significant influential bacte-
rial taxa in the anorexia group were Bacteroides, Faecalibacterium, and Subdoligranulum, and
Bifidobacterium, Blautia, Streptococcus, Lachnoclostridium, and Erysipelatoclostridium in the
control group. We conclude that the increase in Bacteroides abundance or in the B/F index and
the reduction in Bifidobacterium abundance were related to the pathogenesis of anorexia.
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PALABRAS CLAVE
Anorexia;

Diversidad
microbiana intestinal;
Secuenciacion de alto
rendimiento;
Bacterias

Introduction

Diversidad microbiana intestinal en los nifios con anorexia no organica

Resumen La patogénesis de la anorexia no organica en los nifios no esta clara. El propdsito
de esta investigacion fue estudiar las bacterias intestinales, y proporcionar una base teorica
para la seleccion racional de probidticos en la clinica. Se analizaron muestras fecales de un
grupo de nifios con anorexia no organica (grupo de anorexia), y de un grupo de nifos sanos
normales (grupo de control). Se realizé PCR y secuenciacion de alto rendimiento, seguido del
analisis bioinformatico. En el grupo de anorexia, los indices Ace, Chao y Shannon fueron mas
altos que en el grupo control, mientras que el indice Simpson fue menor. Se detectaron 14
taxones en el grupo de anorexia y 11 taxones en el grupo control a nivel de phylum. A nivel
de género, hubo 193 taxones en el grupo de anorexia y 180 taxones en el grupo control. A
nivel de phylum, las bacterias dominantes fueron las mismas en ambos grupos, mientras que, a
nivel de género, hubo 16 taxones bacterianos dominantes en el grupo de anorexia y 17 taxones
bacterianos dominantes en el grupo control. La relacion entre el porcentaje de abundancia de
Bacteroidetes y el porcentaje de abundancia de Firmicutes en el grupo de anorexia (indice
B/F) fue mayor que en el grupo control. El nimero de Bacteroidetes en el grupo de anorexia
fue mayor que en el grupo control, mientras que el nUmero de actinomicetos fue mayor en el
grupo control. Hubo diferencias significativas entre los dos grupos en 14 géneros dominantes.
El analisis de la diferencia de especies multinivel (LEfSe) mostré que a nivel de phylum, Bac-
teroidetes fue el taxon bacteriano significativamente afectado en el grupo de anorexia, en tanto
que en el grupo control lo fue Actinobacteria. A nivel de género, los taxones bacterianos que
tuvieron un efecto significativo en el grupo de anorexia fueron Bacteroides, Faecalibacterium
y Subdoligranulum, mientras que en el grupo control fueron Bifidobacterium, Blautia, Strepto-
coccus, Lachnoclostridium y Erysipelatoclostridium. Nuestra conclusion es que el aumento de la
abundancia de Bacteroides o del indice B/F y la reduccion de la abundancia de Bifidobacterium
se asocian con la patogénesis de la anorexia.

© 2025 Los Autores. Publicado por Elsevier Espana, S.L.U. en nombre de Asociacion Argentina
de Microbiologia. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

At the same time, previous studies have shown that probi-
otics alone or in combination with conventional therapies
can be ineffective in the treatment of anorexia in children

Non-organic anorexia (referred to as anorexia), mostly stud-
ied in China but not in many other countries, is a nutritional
disorder that differs from anorexia nervosa, the former
being more common in children younger than 10 years old,
and the latter often occurring in children older than 10 years
old with neurological and/or psychological abnormalities®®.
Anorexia can cause conditions and diseases such as mal-
nutrition, anemia, rickets, hypoimmunity, and recurrent
respiratory tract infections. It not only causes delays in
growth and development, including mental development,
and affects the nutritional status of children but also pro-
foundly and adversely influences the physical health of
adults', thereby causing a heavy psychological and finan-
cial burden on the family, nation, and society. Therefore,
it is particularly important to understand the pathogene-
sis of anorexia to be able to apply practical and effective
treatments.

Previous studies have shown a dysregulation of the gut
microbiota in children with anorexia, and the effective rate
of treatment with microecological agents can reach 87.5%.
However, most studies used culture methods to identify bac-
teria, while 99% of the bacteria present in nature cannot be
cultured. A few studies used the specific PCR method. Never-
theless, these results could not comprehensively reflect the
composition of the gut microbiota in children with anorexia.

in 5.0-22.5% of cases, indicating that changes in the gut
microbiota in children with anorexia may not be the only
contributing factor, and precise treatment should be applied
after understanding specific changes'"'%:3°,

Therefore, this study used a molecular biology method to
select gene fragments in the conserved V3 region of bacte-
rial 16SrDNA genes to design primers and investigate the gut
microbiota in children with anorexia using polymerase chain
reaction (PCR) and high-throughput sequencing to test and
conduct a comprehensive analysis of the intestinal micro-
biota of anorexic children, to then provide a theoretical
basis for the selection of clinically feasible probiotics and
perform subsequent drug intervention experiments?®.

Materials and methods

Study subjects

Children with non-organic anorexia, who were treated in
our Pediatric Health Care Center from May to October 2016,
were included in the anorexia group (A), while healthy
children were included in the control group (C). Observa-
tion charts were designed and used to record clinical data,
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including the name, sex, age, height, weight, dietary habits,
and medical history of the subjects.

The diagnostic criteria of anorexia were as follows: (1) a
long-term loss of appetite, indifference toward food, inap-
propriate feeding, an improper diet, or a history of disorders
after an illness, such as an eating time >39 min, food intake
reduced by more than 1/3-1/2 compared to that before
the disease onset, and a disease course over 1 month; (2)
slow or no weight gain; and (3) non-organic diseases, genetic
metabolic diseases, anorexia nervosa, and infection?.

The inclusion criteria for the anorexia group required: (1)
meeting the diagnostic criteria for anorexia. (2) No history of
infection within the past week. (3) No antibiotics or gastric
motility drugs used within one week before enrollment. (4)
No functional or organic diseases. (5) Diseases not involving
any mental or drug-related effects. (6) Age ranges from 1
to 6 years old. The inclusion criteria for the control group
required meeting the conditions mentioned in sections 2-6
above.

Sample collection

The external genital area of each examined child was
cleaned using an aseptic method before collecting a stool
sample (5-10g). Each sample was placed into a presteril-
ized collection tube. Each tube was labeled with the name
of the child and the sample number before being stored at
—20°C for later use??.

Extraction of bacterial DNA from stool samples

Bacterial DNA was extracted from the stool samples (500 mg
each) using the QlAamp stool mini kit (Qiagen, Germany), in
accordance with the instruction manual??.

Amplification of the V3-V4 regions of the bacterial
16S rRNA gene

The sequence of the forward primer 338F was 5'-
ACTCCTRCGGGAGGCAGCAG-3, and that of the reverse
primer 806R was 5'-GGACTACCVGGGTATCTAAT-3'. Sequenc-
ing adapters A (5-GCCTCCCTcGCGCCATCAG-3') and B
(5'-GCCTTGCCAGCCCGCT CAG-3') and barcodes were added
to both ends of the primers. The amplification procedure
was as follows: predenaturation at 94 °C for 3 min; 25 cycles
of denaturation at 94°C for 30s, annealing at 55°C for 30s,
and extension at 72°C for 30s, followed by incubation at
16°C for 10 min. Each sample was amplified in triplicate.
The length of each amplification product was approximately
400 bp. After the amplification products were confirmed by
1% agarose gel electrophoresis, the triplicate samples of
the amplification products were mixed and subjected to 2%
agarose gel electrophoresis. The PCR products were recov-
ered from the gel as per the instruction manual for the
agarose gel DNA purification kit Ver. 2.0 (TaKaRa, China),
then quantified using a NanoDrop 2000 microvolume UV
spectrophotometer, and thoroughly mixed for later use'’?2.

Emulsion PCR (emPCR) amplification and
high-throughput sequencing (454 pyrosequencing)

After the well-mixed PCR fragments were denatured and
purified, each single-stranded DNA fragment with a unique-
sequence was ligated to magnetic beads. The DNA fragment
was then emulsified and amplified using the GS FLX tita-
nium emPCR kit (Roche, USA). As a result, each magnetic
bead contained millions of unique-sequence DNA clusters.
After the emulsion was broken, the double-stranded DNA
was denatured, and each magnetic bead contained unique-
sequence, single-stranded DNA clusters. Magnetic beads and
sequencing reagents were placed on a Pico titer plate con-
taining 3.5 million wells made of optical fibers for detection.
The sequence information was read based on the optical sig-
nals released upon oxidation of luciferin by pyrophosphate
during base pairing'’:22,

Bioinformatics analysis'”-22

High-quality optimized sequences were filtered from the
original sequences, obtained by sequencing, using barcodes
and primers and were truncated to an even length (150 bp).
Then, the SILVA tool was used for comparison, and sequences
were clustered to generate operational taxonomic units
(OTUs) with similarities greater than 97%.

The bacterial sequences were compared to the 16S rRNA
sequence data available in GenBank and the Ribosomal
Database Project (RDP) to obtain the taxonomic informa-
tion. Afterwards, all the sequences in each OTU were
compared to find the closest taxa for a particular OTU.

Based on the data table in the tax.summary_a folder,
the R language tools were used to plot the taxa compo-
sition and community composition. Hierarchical clustering
was performed based on the distance matrix between sam-
ples.

Statistical analysis

Weight/height index was used for the evaluation of the chil-
dren’s physical growth and the fifth division method was
adopted®. When weight/height is below P3, it is considered
low-grade malnutrition; when the value is between P3 and
P25, it is considered middle and lower class. When the value
is between P25 and P75, it is considered middle class; when
the value is between P75 and P97, it is considered middle
and higher class, and when the value is higher than P97, it
indicates high-grade obesity.

Data with a normal distribution were expressed as x =+ s.
Comparisons between the two groups were performed using
the unpaired samples t-test. The rank-sum test was used
when the variance was heterogeneous after calibration.
Data without a normal distribution were expressed as P50
(P25 — P75) and analyzed using the rank-sum test, a non-
parametric test method.

a=0.05, p<0.05 indicates a statistically significant dif-
ference.
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Table 1  Clinical characteristics of group A and C.

A (n=24) C (n=25) Statistical analysis p
Gender (male) 13 14 x2=2.0 0.368
Age (x £, year) 4.07£1.21 4.24+1.30 t=—-0.506 0.615
Weight/height level ("X +s, P) 13.08 +8.09 38.67+£19.02 t=—-6.064 0
P<0.05 P<0.05
WA f WA
200 M | N
: Group name ’ Group name

a  Ace index analysis of the two groups

P<0.05

I

N
035
0.3+
0.25-|
= 0.5

T T
A N

of OTU |evel

Group name
¢ Simpson index analysis of the two groups

b Chao index analysis of the two groups

P<0.05

I
LIl

i o
Group name
d Sobs index analysis of the two groups

Figure 1  «-Diversity analysis of the two groups.

Results
Clinical data

A total of 24 pediatric patients and 25 healthy children were
included in the study. The clinical data are shown in Table 1.
There were no differences in age and gender between the
anorexia group and the control group. The children were
not obese. The weight/height level of the anorexia group
was medium to low, and that of the control group was
medium. After the statistical analysis, it was found that the
weight/height level of the anorexia group was lower than
that of the normal group.

«a-Diversity analysis

Figure 1 shows that the Ace, Chao, and Shannon indexes in
the anorexia group were higher than those in the control
group, while the Simpson index was lower in the control
group than in the anorexia group.

B-Diversity analysis

Taxa composition analysis

The bacterial composition number of the anorexia group at
the phylum, class, order, family, and genus levels was 14,
24, 36, 66, 193, and in the control group was 11, 21, 30, 59,
180. The number of the same bacterial compositions in the
two groups was 11, 20, 28, 55, 169.

Analysis of community composition

The bacterial taxa (i.e., community composition) and their
abundance in each sample at the species level are shown in
Figure 2.

Differential analysis of dominant bacteria

Differences in the bacteria with abundance greater than 1%
at different levels were analyzed between the two groups.
Figure 3a shows that the abundance of Bacteroidetes in
the anorexia group was higher than that in the control
group, and the abundance of Actinobacteria in the control
group was higher than that in the anorexia group at phylum
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Figure 2 Community composition of each sample.

level. Figure 3b shows the abundance of Bacteroidetes,
Faecalibacterium, Subdoligranulum, Alistipes, Ruminococ-
cus, Pseudobutyrivibrio, Lachnospiraceae NK4A136 group,
Parabacteroides in the anorexia group was higher than that
in the control group, and the abundance of Bifidobacterium,
Blautia, Lachnoclostridium, Streptococcus, Erysipelato-
clostridium, Eggerthella in the control group was higher
than that in the anorexia group at the genus level.

B/F index analysis
The ratios of the percentage abundance of Bacteroidetes
to that of Firmicutes (the B/F index) in the two groups are

depicted in Table 2, which shows that the B/F index in the
anorexia group was higher than that in the normal group.

LEfSe multilevel species difference analysis

In this study, bacterial taxa with a default LDA score
greater than 4.0 served as significant different bacterial taxa
(biomarkers) between the two groups. At the phylum level,
the significant influential bacterial taxa in the anorexia
group were Bacteroidetes and Actinobacteria (Fig. 4a) in the
control group. At the genus level, Bacteroides, Faecalibac-
terium, and Subdoligranulum (Fig. 4a) were the significant
influential bacterial taxa in the anorexia group and Bac-
teroides had the most influential effect (Fig. 4b), whereas
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A
B
95% confidence intervals
Firnicutes [ — 0.7718
Bacteroidetes — —@— ¥ <1e15
Actinobacteria [ e *k 0 000001668
Protecbacteria [ = 0.2187
Verrucomicrobis [ L 2 0.9251
Fig.3a Significance analysis of preponderance bacteria between groups at Phylum level A
N
95% confidence intervals
Bifisobacterium [T —&— 0.0002308
Bacercices [T —&— 9.108e-7
Blautis _ H—o— 0.0004481
Faecslibacterium — H—* 0.000001235
Lachnoclostridium h A 0.04236
Streptococcus h |"'| 0.002448
Subdcligranulum F L 2 0.0002942 3
Q9
Erysipelatoclostridium h H 0.0004814 ‘E
Alistipes B o 0.0002684
Eggerthella h 2 0.0008494
Ruminocoocus_2 [ [ ] 0.002543
Pseudobutyrivibrio [M ] 0.0002701
Lachnospiraceae_NK4A136_group F B 0.0002419
Parabacteroides [ e 0.0002423
L | | | | | | | | | | I
0 10 20 30 -20 10 o 10 20 30
Proportions(%) Difference between proportions(%)
Fig.3b Significance analysis of preponderance bacteria between groups at Genus level
Fig.3 Significance analysis of preponderance bacteria between groups at different levels
Figure 3  Significance analysis of predominant bacteria between groups at different levels.
Table 2 Comparison of B/F index between group A and C.
B/F index A (n=24) C (n=25) Statistical analysis p
X=*s 0.73+£0.328 0.10£0.056 t=9.97 0

in the control group Bifidobacterium, Blautia, Streptococ-
cus, Lachnoclostridium, and Erysipelatoclostridium (Fig. 4a)
were the significant influential taxa, and Bifidobacterium
had the most influential effect (Fig. 4b).

Discussion

The results of the a-diversity analysis indicate that the abun-
dance and diversity of intestinal bacteria in the anorexia
group were greater than those in the control group, that is,
the a-diversity of the control group was lower than that in

the anorexia group. Most studies have shown that increased
diversity of the intestinal microbiota is beneficial to human
health, whereas decreased diversity of the intestinal micro-
biota is mostly related to disease states, such as obesity,
diabetes, allergic diseases, inflammatory bowel disease, and
autism, as well as the use of antibiotics?'%'334, In general,
greater richness of the microbiota corresponds to a better
ecotype of the colony and a stronger ability to resist the
invasion of foreign bacteria or other microorganisms. There-
fore, the results of this study contradict traditional research
conclusions. While Duan® and Zhou® found no difference
in the a-diversity of the intestinal microbiota between
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Figure 4 LEfSe multilevel species difference analysis.

infants with breast milk jaundice and infants without jaun-
dice, Normann? found that the a-diversity indexes of the
intestinal microbiota did not differ between the necrotizing
enterocolitis group and the control group. Furthermore, a
10-year follow-up study?* showed that in a high-risk female
population, higher vaginal bacterial diversity was associated
with an increased risk of HIV infection. These findings indi-
cate that higher bacterial diversity is not necessarily better

and that a change in intestinal bacterial a-diversity may not
have significant positive correlations with the occurrence,
development, and severity of disease. Furthermore, in this
article, there were five significant bacterial species in the
control group, while three significant bacterial species in the
anorexia group at the genus level by the LEfSe multilevel
species difference analysis in Figure 4. That is the con-
trol group has more dominant microbial communities than
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the anorexia group, which may suggest that the B-diversity
analysis is more meaningful for bacterial communities with
significant effects than for all the bacteria present in the
gut which showed by «-diversity analysis.

The results of the analysis of taxa composition and
the analysis of community composition indicate that the
gut microbiota in the two groups included a variety of
bacteria and were characterized by community diversity.
High-throughput sequencing can be used to understand the
gut microbiota composition comprehensively?>.

The dominant bacterial phyla in the two groups were
identical and included Firmicutes, Bacteroidetes, Acti-
nobacteria, Proteobacteria, and Verrucomicrobia, which is
consistent with data in previous reports showing that 98% of
the gut microbiota belong to four phyla, namely, Firmicutes,
Bacteroidetes, Proteobacteria, and Actinobacteria’-2"°.

Turnbaugh and Ley'®*? confirmed that a decrease in Bac-
teroides or a decrease in the B/F index may promote obesity,
and Lim'® found that the B/F index in the intestines of over-
weight patients was decreased. By contrast, Turnbaugh®’
found that the genus Bacteroides, which is rich in genes
encoding carbohydrate-metabolizing enzymes, was the main
constituent of the intestinal microbiota in emaciated sub-
jects. Research has shown®232? that Firmicutes can help the
human body absorb heat from food more effectively, then
gradually convert food into fat and can regulate the expres-
sion of energy storage-related genes, while Bacteroidetes
can effectively break down carbohydrates. Therefore, indi-
viduals with a high abundance of Bacteroides in their gut
microbiota are less prone to gaining weight. The children
included in the study were not obese and the abundance of
Bacteroidetes in the anorexia group was higher than that in
the control group, and the B/F index in the anorexia group
was higher than that in the control group. These results may
indicate that an increase in Bacteroides or in the B/F index
can promote decreases in body weight.

Studies have shown that an early depletion of intestinal
Bifidobacteria is associated with severe acute malnutrition.
Kalliomaki’s study showed that the proportion of intestinal
Bifidobacteria in overweight children were lower than in
normal-weight children of the same age. Bifidobacterium,
a typical probiotic, can promote colon health by producing
organic acids such as acetate and lactate and can inhibit
pathogens. Anaerobes, especially Bifidobacteria, are the
major protective organisms in the maturation of a healthy
gut microbiota. Thus, an increase in Bacteroides abun-
dance and a reduction in Bifidobacterium abundance may
be related to the occurrence of anorexia. The effective rate
of Bifidobacteria in the treatment of infantile anorexia is
reported to be 77.5-93.2%. Therefore, for pediatric patients
with anorexia, Bifidobacteria may be selected for treatment
prior to the analysis of the intestinal microbiota®'%'43¢,

Furthermore, as the LEfSe multilevel species difference
analysis showed in this study, the significant influential bac-
terial taxa in the anorexia group was Bacteroidetes and
Actinobacteria in the control group at the phylum level.
Moreover, at the genus level, Bacteroides had the most
influential effect in the anorexia group and Bifidobacteria
in the control group. These findings support the fact that
Bacteroidetes are involved in the onset of anorexia, and
Bifidobacterium plays a major role in maintaining a normal
intestinal microbiota'”?2.

However, each individual has a unique gut microbiota'-¢.
In the control group, although the overall percentage
of Bifidobacterium abundance (29.75%) was the highest,
Bifidobacterium spp. were not necessarily the dominant
bacteria that ranked first in every sample. For example,
the most dominant bacterial genera were Lachnoclostridium
in N4, Streptococcus in N21, and Blautia in N23. In addi-
tion, interactions occur among various dominant genera; in
particular, when the abundance levels are similar [for exam-
ple, the percentage of Bifidobacterium abundance (20.83%)
was the same as that of Blautia abundance (20.83%) in
N10, synergistic and restrictive interactions will be stronger,
with the dominant genera jointly participating in the onset
of disease or jointly maintaining the normal structure and
function of the gut microbiota*?’. These interactions may
explain why the conditions of some children with anorexia
are not improved after treatment with Bifidobacteria as the
most dominant bacteria may not be Bifidobacteria (or not
solely Bifidobacteria) in these children but rather Bifidobac-
teria and other bacteria that together constitute the normal
gut microbiota?® "3, Therefore, supplementation with Bifi-
dobacteria alone is not sufficient, and different probiotics
must be selected based on the intestinal characteristics of
each individual.

Conclusion

The increase in Bacteroides abundance or in the B/F
index and the reduction in Bifidobacterium abundance were
related to the pathogenesis of anorexia.
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