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Abstract
Background: Both long-term and short-term side effects of phototherapy are being increasingly
recognized by clinicians. The purpose of this article is to study the changes of intestinal probiotics and
their metabolic indexes in newborns with jaundice receiving phototherapy.

Method: Intestinal �ora and metabolic changes in newborns were studied through macrogene sequencing
and metabonomics.

Results: We found that Bi�dobacterium is the main probiotic strain present in the newborn intestinal tract,
along with a small amount of Lactobacillus. Both Bi�dobacterium and Lactobacillus decreased
signi�cantly (p<0.05) in neonatal intestinal �ora after phototherapy for 24 hours and 48 hours. A
correlation analysis between changed probiotics and intestinal short-chain fatty acid metabolites after
phototherapy showed that acetic acid, butyric acid, caproic acid, and propionic acid decreased; these
metabolites were signi�cantly correlated with Bi�dobacterium (p<0.05). After phototherapy, non-targeted
metabolites also changed signi�cantly (p<0.05) and were correlated with many probiotics (p<0.05).
Signi�cantly changed probiotics demonstrated a signi�cant correlation with some intestinal non-targeted
metabolites (p<0.05).

Conclusion: Phototherapy can signi�cantly affect the intestinal probiotic �ora and its metabolic
indicators in newborns with jaundice, which may contribute to phototherapy side effects. These �ndings
also provide a theoretical basis for administering suitable probiotics to newborns with jaundice.

Background
Neonatal hyperbilirubinemia is a common clinical malady caused by excessive bilirubin production in
vivo, the liver’s inability to su�ciently absorb and combine bilirubin, increased intestinal-liver circulation,
and abnormal bilirubin excretion, ultimately presenting clinically as neonatal jaundice[1]. About 80% of
full-term infants and 90% of premature infants may have jaundice of varying degrees during the early
postnatal period. While neonatal jaundice is primarily mild to moderate, it can be severe in some cases.
For example, bilirubin encephalopathy can occur when high levels of unbound bilirubin are present in the
body and pass through the blood-brain barrier, causing permanent damage if left untreated.

Phototherapy, which can change the structure of bilirubin and increase its excretion, is currently the
standard treatment for pathological jaundice[2–3]. Even so, both long-term and short-term side effects of
phototherapy are being increasingly recognized by clinicians, such as altered intestinal �ora. As such,
clinicians often administer oral probiotics to newborns receiving phototherapy to combat these
deleterious effects[4]. Because many of these oral probiotics are not well-researched, clinicians tend to
rely on their own preferences and experience. For this reason, we used macrogene sequencing to analyze
probiotic bacteria changes in the neonatal intestinal tract following phototherapy, and used
metabonomics to analyze the correlation between the changes of probiotic strains and metabolism, so as
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to provide a theoretical basis for administering probiotics to newborns with jaundice receiving
phototherapy.

Methods
1. Clinical subjects: We selected newborns with jaundice who needed phototherapy treatments in the East
Hospital of Shanghai Sixth People's Hospital from June 2018 to June 2020 for this study. Only neonates
receiving pure arti�cial feeding were selected for the study. All the clinical information of newborns was
recorded.

2. Phototherapy: Each newborn was placed in a blue light treatment box (model XHZ, Ningbo David
Medical Devices Co., Ltd.) for phototherapy treatments, which are 425–475 nm in wavelength. The
newborn’s eyes were covered with a phototherapy eye mask (Foshan forssman Medical Technology Co.,
Ltd., Yueshun Xiebei No. 20160015), and the newborn’s perineum or scrotum was covered with a
phototherapy diaper (Foshan Baojusheng Medical Devices Co., Ltd., GB/T33280). All newborns in this
study received the following treatment: continuous phototherapy for 24 hours, 6–8 hours of rest, and
phototherapy for another 24 hours. The decision to continue treatment for the next 24 hours was then
determined by the extent to which jaundice improved in each newborn.

3. Inclusion criteria: (1) Jaundice index, according to the phototherapy index of the American Pediatric
Association, jaundice index reaches phototherapy index; (2) Newborn age ≤ 2 weeks old; (3) Gestational
age between 37 weeks and 42 weeks; (4) Birth weight between 2,500 g and 4,000 g; (5) Antibiotics and
ecological preparations were not used before collecting specimens; (6) The mother was healthy during
pregnancy with no history of special drug use and did not take antibiotics or microecological agents
before, during, or after delivery; (7) Newborns fed arti�cially before admission; (8) Voluntary signing of an
informed consent form.

4. Exclusion criteria: (1) Gestational age < 37 weeks or ≥ 42 weeks; (2) Bilirubin level as high as the
exchange standard; direct bilirubin elevation; (3) Patients with pneumonia, sepsis, or other diseases; (4)
Patients with severe immunode�ciency; (5) Patients with hereditary metabolic diseases; (6) Congenital
biliary malformation or other organ malformation; (7) Drug allergy; (8) According to the judgment of the
researcher, it is possible to reduce the enrollment. For example, if the guardian has mental illness and the
living or working environment often changes, it is easy to cause loss of follow-up.

5. Ethics: Approved by the ethics committee of Shanghai Sixth People's Hospital East Campus(Approval
No:2020-071). All family members signed an informed consent form.

6. Specimen collection: Stool was collected three times: before phototherapy, 24 hours after phototherapy,
and 48 hours after phototherapy; stool samples were frozen at -80℃ immediately after retention. Each
stool sample was ≥ 500 mg.
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7. Macrogene sequencing: Intestinal probiotic �ora before and after phototherapy were studied in
newborn stool samples through macrogene high-throughput analysis. DNA extraction and detection:
according to the instructions of the QIAamp PowerFecal Pro DNA Kit (QIAGEN, Germany), fecal DNA was
extracted. Library construction and quality inspection: quali�ed DNA samples were randomly broken into
fragments with lengths of about 350 bp by an ultrasonic breaker. The DNA library was prepared by the
steps of terminal repair: adding A at the 3' end, adding a sequencing linker, puri�cation, fragment
selection, and PCR ampli�cation. After the completion of library construction, electrophoresis and
NanoDrop were used for preliminary quanti�cation. Qubit quanti�cation was carried out, and qPCR was
used to accurately quantify the effective concentration of the library and ensure quality. Sequencing: after
the quality inspection was quali�ed, different libraries were mixed according to the requirements of
effective concentration and target off-machine data quantity. Illumina HiSeq sequencing was then
performed. Bio-information analysis: sequencing data was preprocessed, starting from clean reads after
quality control, then using SOAPdenovo to assemble the metagenome, and �nally annotating species and
analyzing abundance.

8. Metabonomics detection: Bile acids, short-chain fatty acids, and non-targeted metabolites were
detected in this study. Treatment of stool samples: Add 0.3 methanol to about 100 mg of a stool sample
to yield a protein precipitate, vortex for 1 minute, and centrifuge at 4℃ for 10 minutes (12,000 * g); Dilute
the supernatant 10 times, vortex for 1 minute, and centrifuge at 4℃ for 10 minutes (12,000 * g). Bile
acids were detected by LC/MS, short-chain fatty acids were detected by GC-MS, and non-targeted
metabolites were detected

9. Statistical analysis: SPSS23 software was used for statistical analysis, and the measurement data
subject to normal distribution is expressed by mean standard deviation (χ s). Multiple groups of samples
are compared by variance analysis. A Kruskal-Wallis nonparametric rank sum test was used for
comparison between groups that do not obey normal distribution. Count data should be expressed by
frequency or percentage, and a Chi-square test should be used for comparison between groups. A
Spearman rank correlation analysis was used to analyze the correlation between samples. The difference
was statistically signi�cant: p < 0.05.

Results
1. A total of 50 newborns participated in this study, and we obtained the basic situation of these research
subjects. See Table 1.
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Table 1
Basic information

Basic information of subjects (n = 50) Mean ± SD

Gestational age (week) 38.7 ± 8.77

Birth weight (kg) 3.3 ± 0.36

Days of jaundice (day) 2.18 ± 1.40

Age (day) 7.10 ± 5.24

Phototherapy time (h) 88.51

 

2. The main probiotic strain present in the newborn intestinal tract is Bi�dobacterium, along with a small
amount of Lactobacillus. Probiotic strains changed in neonatal intestinal �ora after phototherapy for 24
hours and 48 hours; Bi�dobacterium and Lactobacillus decreased signi�cantly (p < 0.05). See Figs. 1a
and 1b. The speci�c changes of Bi�dobacterium and Lactobacillus classi�cation are shown in Fig. 2.
Noteworthy changes took place in Bi�dobacterium animalis, Bi�dobacterium breve, and Lactobacillus
fermentum, which were signi�cantly reduced after phototherapy (p < 0.05).

3. In a correlation analysis between changed probiotic strains and bile acid metabolism indexes, we
found Bi�dobacterium was positively correlated with many metabolites (p < 0.05) such as
chenodeoxycholic acid, hyodeoxycholic acid, cholic acid, allocholic acid, and β-cholic acid.
Bi�dobacterium was also negatively correlated with many metabolites (p < 0.05) such as glycocholic
acid, sodium taurocholate, sodium TUDCA, chenodeoxycholic acid, taurocholate, and sodium
taurocholate. Lactobacillus was negatively correlated (p < 0.05) with α-sodium cholate and β-cholic acid.
See Fig. 3 and Table 2.
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Table 2
Correlation between bile acid and probiotics

name Positive
correlation

Bile acid

Correlation
coe�cient

R

P
Values

Negative
correlation

Bile acid

Correlation
coe�cient

R

P
Values

Bi�dobacteria CDCA 0.54 0.002 GCA -0.50 0.005

HDCA 0.36 0.05 THDCA + 
TUDCA

-0.39 0.03

CA 0.60 0.0004 TCDCA -0.53 0.002

ACA 0.52 0.003 TCA -0.67 0.001

beta-CA 0.51 0.004  

Lactobacillus   alpha-MCA -0.37 0.05

beta-CA -0.39 0.04

Bi�dobacterium
brevis

6-ketoLCA 0.39 0.03  

DCA 0.39 0.04

6,7-
diketoLCA

0.39 0.03

GUCA 0.39 0.03

GHDCA 0.39 0.03

Bi�dobacterium
animalis

NorCA 0.50 0.005  

 

4. A correlation analysis between probiotic strains and metabolic indexes of short-chain fatty acids
revealed that metabolites such as acetic acid, butyric acid, propionic acid, and caproic acid were
signi�cantly correlated with some Bi�dobacteria (p < 0.05). See Fig. 4 and Table 3.



Page 7/16

Table 3
Correlation analysis between probiotics and short-chain fatty acids

name Positively
correlated short
chain fatty acids

correlation
coe�cient
(r)

P
Value

There was a
negative
correlation

Short chain
fatty acids

correlation
coe�cient
(r)

P
Value

Bi�dobacteria acetic acid 0.231 0.03      

Bi�dobacterium
Streptococcus

acetic acid 0.241 0.02      

      propionic
acid

-0.29 0.007

Bi�dobacterium
dentin

butyric acid 0.24 0.02      

propionic acid 0.25 0.02      

lactobacillus acetic acid                                                       -0.24     
                              0.02

Hexanoic acid 0.24 0.007  

 

5. After phototherapy, non-targeted metabolites in the neonatal intestinal tract changed signi�cantly, as
shown in Fig. 5. The correlation analysis between probiotic strains and non-targeted metabolites also has
signi�cant statistical signi�cance, as shown in Fig. 6; Table 4 shows the correlation analysis of non-
targeted metabolites with signi�cant changes in probiotics.

Table 4
Correlation analysis between signi�cantly changed probiotics and non-targeted metabolites

name DCA P.value r

Bi�dobacterium longum L- Histidine monohydrochloride monohydrate 0.01 0.23

2- Methylbutyroylcarnitine 0.02 -0.22

Bi�dobacterium rhamnoides Glucurone 0.03 -0.20

Bi�dobacterium animalis N- Acetyl-beta-D-mannosamine 0.03 -0.20

Levonorgestrel 0.04 -0.19

Lactobacillus fermentans Quinolinic acid 0.04 -0.19

Glycerophospho-N-Palmitoyl Ethanolamine 0.04 0.19

Discussion
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There are more than 1000 kinds of bacteria in the human intestinal tract, with microbial density
increasing from the proximal to the distal intestinal tract[5]. The large intestinal microbial system has
formed an inseparable symbiotic relationship with the human body. When the balance of the intestinal
�ora is disrupted, bene�cial bacteria decrease, harmful bacteria increase, and many diseases can occur
as a result[6–7]. Probiotics like Lactobacillus and Bi�dobacterium[8] directly and indirectly adjust the
composition of host intestinal microbes and activate host endogenous microbial groups. Because of
these restorative effects, probiotics have been widely used in clinical practice. Some scholars assert that
probiotics regulate intestinal �ora, lower intestinal pH, reduce the quantity and activity of β-glucuronidase
(β-GD), inhibit the intestinal-hepatic circulation of bilirubin, maintain intestinal peristalsis, promote
bilirubin excretion, and improve feeding intolerance in patients with jaundice[9–10].

However, previous research has not reported whether the phototherapy treatment process can cause
changes in probiotics. Our research found that the abundance of three types of probiotics decrease
signi�cantly after phototherapy: Bi�dobacterium breve, Bi�dobacterium animalis, and Lactobacillus
fermentum. Bi�dobacterium breve not only had the highest basic abundance; it also had the most
obvious decline after phototherapy. The decrease of these probiotic strains may contribute to
phototherapy side effects, and may even damage the long-term �ora establishment and metabolism of
children.

The relationship between intestinal microorganisms and hosts has important implications, which
continue to be revealed through studies in molecular biology. For example, many small-molecule
metabolites are produced by the co-metabolism of the intestinal �ora and host, such as bile acid. Bile
acid plays a key role in cholesterol metabolism, lipid digestion, intestinal and liver circulation, and in other
regulatory pathways of human body. Intestinal �ora regulates the synthesis and metabolism of bile acid,
which in�uences the quantity and structure of intestinal �ora and improves the host’s immune system by
regulating in�ammation[11]. Dietary and intestinal micro�ora interact with bile acid pools, which affect
the hydrophobicity, toxicity and regulation of bile acids through biotransformation reactions [12].
Cholesterol is metabolized in the liver to form conjugated bile acids, and the primary bile acids excreted to
the intestine are changed by early dissociation, dehydrogenation and differential isomerization of
intestinal �ora to form secondary bile acids [13]. Under the action of bile salt hydrolase, produced by
bacteria such as Bi�dobacterium, Lactobacillus, and Bacteroides, combined bile acid is hydrolyzed into
free bile acid[14]. Then, secondary bile acid is generated by 7α-dehydroxylation activity of bacteria like
Clostridium, which is found in feces[15]. Therefore, intestinal �ora plays an important role in the synthesis
and metabolism of bile acids. Disorder of the bile acid pool caused by diseases or temporary antibiotics
may lead to various disease states. Studies performed by Zampa[16] and others have con�rmed that
when Bi�dobacterium and Lactobacillus are used by volunteers as dietary supplements, bile acid content
in the feces of volunteers decreases signi�cantly. Our study found that, except for the signi�cant changes
of probiotics, the content of deoxycholic acid increased after 48 hours of phototherapy, which was
signi�cantly correlated with Bi�dobacterium breve. Therefore, after phototherapy for newborns with
jaundice, levels of Bi�dobacterium and Lactobacillus in intestinal probiotics decreased, especially
Bi�dobacterium brevis, which may have weakened their inhibitory effect on the growth of Clostridium in
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the intestinal tract. Because the increase of Clostridium strengthened its dehydroxylation, the generation
of secondary bile acids increased, leading to an increase of intestinal-liver circulation and reducing the
effect of phototherapy itself. These �ndings provide a theoretical basis for administering suitable
probiotics to newborns with jaundice who undergo phototherapy treatment[17–18].

In the analysis of probiotics and short-chain fatty acid metabolites, we found that many short-chain fatty
acid metabolites decreased when the concentration of probiotics decreased. According to the number of
carbon atoms in the carbon chain, organic fatty acids with less than 6 carbon atoms are called short
chain fatty acids, mainly including acetic acid, propionic acid, isobutyric acid, butyric acid, isovaleric acid
and valeric acid. Short chain fatty acids are rapidly absorbed by hindgut, which can not only store energy,
but also reduce osmotic pressure. Short chain fatty acids play an important role in maintaining the
normal function of large intestine and the morphology and function of colonic epithelial cells. Short chain
fatty acids can also promote the absorption of sodium, and butyric acid is more effective than acetic acid
and propionic acid. Butyric acid can also increase the production of lactic acid bacteria and reduce the
number of Escherichia coli. Short chain fatty acids can directly stimulate the gastrointestinal tract [19],
activate the secretion of motilin, promote gastrointestinal peristalsis and accelerate gastric emptying [20].
The acidic environment can increase osmotic pressure in the intestinal cavity, increase water secretion,
reduce the mucus degree of feces, and facilitate defecation[21–22], thus promoting the excretion of
bilirubin, reducing bilirubin levels in vivo, and relieving jaundice to some extent. Our research shows that
phototherapy leads to the decrease of probiotics and associated short-chain fatty acids, which may
explain some of its clinical side effects.

We found that non-targeted metabolites also changed signi�cantly after phototherapy. Many non-
targeted metabolites that are signi�cantly correlated with the changes of probiotics after phototherapy
are involved in the metabolism of nutrients in the body. For example, L-histidine hydrochloride, which is
mainly used as a nutritional supplement and is a quasi-essential amino acid (i.e., an essential amino acid
for infants and young children), is synthesized slowly in the human body. If a de�ciency in L-histidine is
found to lead to symptoms such as growth retardation and eczema, this metabolite may be positively
correlated with Bi�dobacterium longum. A non-targeted metabolite negatively related to Bi�dobacterium
animalis is N-acetyl-D-mannosamine (Mannac). Mannac is an essential precursor of N-acetylneuraminic
acid (NeuAc), and the speci�c monomer of bacterial capsular polysialic acid (PA) is involved in the
occurrence of neurological diseases. Quinolinic acid[23] has a signi�cant negative relationship to
Lactobacillus fermentum. Quinolinic acid is an endogenous NMDA receptor agonist, which is synthesized
from L-tryptophan through the kynurenine pathway; thus, it has the potential to regulate the injury and
dysfunction of N-methyl-D-aspartate neurons. The changes of probiotics caused by phototherapy may
indirectly affect the metabolism of newborns through the above non-targeted metabolites.

In addition, studies[24] have shown that probiotic supplementation can shorten the phototherapy time of
neonatal jaundice. Preventive probiotics can not signi�cantly reduce the incidence of jaundice. Therefore,
it is not recommended to use probiotics routinely to prevent or treat neonatal jaundice.
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Conclusions
The metabolism of bilirubin in newborns is closely related to the intestinal microenvironment, and
disorders in the intestinal �ora can exacerbate jaundice and even affect the therapeutic effect of
phototherapy. While phototherapy is a standard treatment for neonatal jaundice, it does have side effects
such as fever, diarrhea, and rash. Our research found that phototherapy causes changes in neonatal �ora,
which may contribute to these side effects. This study focuses on the changes of intestinal probiotic
strains and metabolism of newborns receiving phototherapy, and we conclude that phototherapy can
signi�cantly reduce important probiotics in the body and affect the metabolism of bile acids. There is
currently no uniform probiotic selection standard for newborns with jaundice receiving phototherapy, and
this study provides a theoretical basis for identifying one that alleviates side effects effectively.
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Figure 2

Different Bi�dobacterium and Lactobacillus strains change after 24 hours and 48 hours of phototherapy
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Figure 3

Correlation analysis between probiotic strains and bile acid metabolism indexes

Figure 4

Correlation analysis between probiotics and short-chain fatty acids
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Figure 5

There are signi�cant differences in non-targeted metabolites caused by different phototherapy time (1, 2
and 3 represent before phototherapy, 24 hours after phototherapy and 48 hours after phototherapy,
respectively)
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Figure 6

Correlation analysis between changed non-targeted metabolites and probiotic changes


