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Abstract: Hyperbilirubinemia accounts for about 60% of full-term and 80% of preterm neonates globally, which is 
characterized by physiologically elevated unconjugated bilirubin in serum, but abnormally high levels of bilirubin 
have potential neurotoxic effects. Several factors contribute to the development of neonatal hyperbilirubinemia, 
including isoimmunization, dysregulated gut flora, genetic alteration and environmental factors. Animal studies 
have pinpointed the causal roles of several bacteria in bilirubin metabolism. Human studies have revealed micro-
biota composition in hyperbilirubinemia and found that gut microbiota affect newborns with different severity of 
hyperbilirubinemia. However, dysbiosis and subsequent changes in microbiota-related metabolic processes are not 
always considered. This review aims to describe the critical microbiota signatures for neonatal hyperbilirubinemia 
and focus on the underlying pathogenetic mechanism. These scientific bases give a new and accurate therapeutic 
strategy for the application of gut microbiota.
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Introduction

Neonatal jaundice is a common condition cur-
rently affecting up to 60% of term and 80% of 
preterm babies and carrying a high health bur-
den [1]. Globally, the risk of severe neonatal 
hyperbilirubinemia decreases with the increa- 
se of useful tools for screening, diagnosis and 
treatment of neonatal hyperbilirubinemia [2]. 
However, hazardous neonatal hyperbilirubine-
mia is still reported worldwide, and the situa-
tion in some developing countries is even 
worse. In these areas, the incidence of severe 
neonatal jaundice is about 100 times higher 
than that in developed countries [3, 4]. Neo- 
natal jaundice is defined as an elevated serum 
bilirubin level, which usually develops in the 
first week of life. Neonatal jaundice is gene- 
rally benign and physiologic within 3-5 days 
without significant complications. Severe hy- 
perbilirubinemia, although rare, has potential- 
ly neurotoxic [5-7]. The etiology of neonatal 
hyperbilirubinemia is multifactorial with physi-
ology, isoimmunization, genetic alteration and 
environmental factors [8]. Among the environ-
mental factors, the dysbiosis of the intestinal 
microbiota is increasingly considered to be  
one of the pathogenic factors for neonatal hy- 

perbilirubinemia [9-15]. However, the underly-
ing mechanism of the link between gut micro-
biota and hyperbilirubinemia remains unclear.

Animal and human studies have supported the 
interaction between microbiota and hyperbili- 
rubinemia, including the metabolic pathway in 
the gut-liver axis, immune changes and effects 
on the therapy of jaundice [16]. In view of the 
important role of microflora in the pathogene- 
sis of neonatal jaundice, it provides a broad 
prospect for the diagnosis and treatment of 
neonatal hyperbilirubinemia. Microbiota-induc- 
ed effects of neonatal bilirubin are not fully 
understood, leaving a key gap in understand- 
ing how they influence serum bilirubin in the 
neonate and how the gut balances intimately 
contact with the host. In this review, we aim to 
address the question, summarise the changes 
of microbiota in neonate hyperbilirubinemia, 
describe the pathophysiological basis of these 
associations and identify future targets for 
microbial therapy.

Intestinal microbiota community structure in 
newborns

The gut microbiota (that is, intestinal symbiotic 
microorganisms) is regarded as an “organ” of 
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the human body, which plays an important  
role in pathogen protection, nutrition, metabo-
lism and immune maturation of newborns [17, 
18]. Understanding the first bacteria seeded  
in early life is essential to understand the for-
mation of gut microbiota and the relationship 
between them. Prior studies have demonstrat-
ed that the uterus is considered sterile and th- 
at the initial microbiota is involved in the neo- 
natal gut during delivery [19]. On the contrary,  
a multitude of evidence recently quests the 
dogma of gut microbiota acquisition [20, 21]. 
These studies suggest that the low abundan- 
ce bacteria genomic DNA is isolated from 
meconium [21, 22], placenta [21, 23], fetal 
membranes [21], amniotic fluid [24], umbilical 
cord samples [25], and amniotic fluid samples 
[21]. However, these researches employing 
more sensitive molecular techniques lack con-
clusive evidence that live, persistent, func- 
tional and cultured microbial colonies co-exist 
with the fetus during the fetus [26]. Regard- 
less, intestinal microbes colonize rapidly from 
the maternal and environmental microflora 
within minutes of birth. In the first few days,  
facultative anaerobes are mostly in aerobic 
environments, such as Enterobacteriaceae 
[27]. After intestinal hypoxia, dominant coloni-
zation is transferred to anaerobic bacteria, 
such as Bifidobacterium, Clostridium, and Ba- 
cteroides [28]. In the first four weeks, the  
diversity of gut microbiota gradually increas- 
ed at the phylum and genus level, forming a 
bacterial community composed of Enterococ- 
caceae, Streptococcaceae, Lactobacillaceae, 
Clostridiaceae, and Bifidobacteriaceae [27, 29, 
30].

The gut, a dynamic environment of microbiota, 
is influenced by various endogenous and exog-
enous factors [19, 31, 32]. The mode of deliv-
ery is considered to be an essential determi-
nant of early colonization [33]. Infants born 
vaginally are rich in Lactobacillus, Bifidobac- 
terium and Bacteroides, which is caused by 
microbial inoculation in the vagina and fecal 
microbiota [34]. In contrast, the microbiota  
of cesarean-born newborns is more likely to  
be settled by Staphylococcus, Streptococcus 
and Propionibacteria, especially from maternal 
skin and environmental microorganisms [35]. 
Postnatal factors also affect the development 
of microbiota in multiple ways, including diet, 
antibiotics and other environmental factors. 
Bifidobacterium was found in breast-fed in- 
fants because of bacteria engaged in breast 

milk and human milk oligosaccharides (HMOs) 
[36]. The microbiota of formula-feeding is  
characterized by low levels of less beneficial 
bacteria species, such as Clostridium diciffile 
[36]. Antibiotics, used prescription drugs in 
newborns, can lead to microbial imbalance  
and low abundance of bacterial diversity, and 
delay the colonization of the Bacteroidetes 
[37]. 

Microbiota and neonatal hyperbilirubinemia

Many studies on faecal microflora of neonatal 
hyperbilirubinemia, including different types of 
neonatal jaundice, are carried out by means of 
culture and metagenome. In this part, we will 
elluminate the metabolism of bilirubin from the 
perspective of microbiota, summarize several 
animal and clinical studies and find out the 
mixed mechanisms of hyperbilirubinemia and 
microbiota.

Gut microbiota and bilirubin metabolism in the 
neonate

Neonates produce more bilirubin than adults 
because of high hemoglobin levels and short 
erythrocyte lifespan [38]. Approximately 80- 
85% of bilirubin derives from aging senescent 
and hemolytic erythrocytes in the spleen, liver, 
or bone marrow and a relatively small portion 
comes from circulation [39]. Before hepatocel-
lular uptake, this pigment is called unconjugat-
ed bilirubin (UCB), a yellow non-polar pigment 
that is transported to the liver through albu- 
min. UCB entering into hepatocytes through 
organic anion transporter (OATP) is synthesi- 
zed into bilirubin-glucuronoside with solubility 
by the UGT 1A1 (UDP-glucuronosyltransferase 
enzyme) in the endoplasmic reticulum [40]. In 
the neonate, the activity of enzyme UGT 1A1  
in hepatic is significantly lower than that of 
adults [38]. Then, conjugated bilirubin is re- 
leased into the intestine lumen by multidrug-
resistant protein (MRP2) for r clearance and 
transferred back into the bloodstream by  
MRP3 [39, 41]. Following secretion, water- 
soluble conjugated bilirubin is hydrolyzed into 
UCB by rich β-glucuronidase at the brush mar-
gin of the newborn intestine. Subsequently, 
intestinal microbiota reduced it to a series of 
colorless urobilinogen mainly in distal intes- 
tine ileum and colon, where the total bacterial 
load is higher than that of the small intestine 
[42, 43]. Here, higher activity of mucosal β- 
glucuronidase and lower concentration of gut 
flora lead to more effective deconjugated re- 
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sponses in the neonate. The non-polar uncon-
jugated bilirubin is reabsorbed via passive dif-
fusion, mainly at colonic level through the por-
tal vein. Furthermore, high levels of serum un- 
conjugated bilirubin increased the permeabi- 
lity of epithelium and reduced the expression  
of epithelial tight junction protein, which may 
increase the outflow of bilirubin to the portal 

vein [38]. The reabsorbed bilirubin is conjugat-
ed in the liver, subsequently re-excreted into 
either bile flow or urine through the kidneys 
[39]. The whole process constitutes a cycle of 
the enterohepatic circulation (Figure 1A). How- 
ever, to date, we know little about the neonatal 
bilirubin metabolic process in the context of 
microflora.

Figure 1. A. Enterohepatic circulation of bilirubin. B. The relationship between microbiota and bilirubin metabolism 
in neonatal hyperbilirubinemia. A. Enterohepatic circulation of bilirubin. Unconjugated bilirubin mainly derived from 
heme binds to albumin in the blood, which is transfered to hepatocyte through OATPs and separateed from albumin. 
Bilirubin-glucuronide is synthesized by UGT1A1 on the endoplasmic reticulum and excreted into the intestinal tract 
with bile through MRP2. The secreted conjugated bilirubin is deconjugated by β-glucuronidase at the brush edge of 
the intestinal tract, partly decomposed into urinary bilirubin or stylcholin through the microflora, and then oxidized 
into stylcholin by feces. Extra bilirubin is reabsorbed to the liver through the portal vein and then transferred to the 
bloodstream by MRP3 or re-secreted into bile by MRP2. B. The relationship between microbiota and the metabolism 
process of bilirubin in neonatal hyperbilirubinemia. The production of bilirubin in neonatal circulation increases, 
followed by an increase in the catabolism and secretion of bilirubin in hepatocytes. Newborns lack microbiota, and 
their feces contain more bilirubin in the intestines, in which the bilirubin is more easily reabsorbed. The microflora 
that synthesizes fewer short fat chains in newborns has a low level, which will affect the permeability of the blood-
brain barrier. At the same time, bilirubin can cross the blood-brain barrier, some of which efflux from brain through 
ABCB1 or ABCB2, whereas the rest enter neurons. In nerve cells, bilirubin is catabolized by cytochrome P-450 (CYP) 
and bilirubin oxidase, but excessive bilirubin will cause oxidative stress and mitochondrial changes, and eventually 
cause neuronal apoptosis. This injury in newborns eventually leads to bilirubin encephalopathy.
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Clinical and basic studies have shown that bili-
rubin is an effective endogenous antioxidant 
factor, which has a cytoprotective effect, regu-
lates lipid peroxidation, cholesterol metabo-
lism, adipokines and ppar γ levels, and partici-
pates in inflammation [44, 45]. A number of 
studies have shown that elevated circulating 
bilirubin levels help slow the progression of 
chronic liver disease, coronary heart disease, 
diabetes and obesity in animal models and 
human experiments [45-48]. Low levels of 
serum unconjugated bilirubin up-regulate the 
expression of UDP-glucuronosyltransferases 1 
family polypeptide A1 (UGT1A1), thereby in- 
creasing bilirubin metabolism in circulation 
[49]. Furthermore, bilirubin may be used as a 
means to negatively influence substrate utili- 
zation of Streptococcus agalactiae, which is 
the most common bacteria involved in neona-
tal early-onset sepsis [50]. Therefore, mild 
jaundice has a protective effect on newborns  
and may have antioxidation and antibacterial 
effects.

Conversely, excessive bilirubin is a nuisance 
and can even cause neurotoxicity and cytotox-

icity to neurons, astrocytes, microglia and oli- 
godendrocytes [51]. High levels of bilirubin in 
neonates destroy the tight junction of intesti- 
nal epithelial cells, followed by an increase in 
enterohepatic circulation. Unbound circulating 
bilirubin diffuses into the central nervous sys-
tem via the blood-brain barrier, resulting in  
neurologic damage, especially in acidosis, pre-
mature, infection, hypoxia, ischemia and so  
on. Capillary endothelial cells scavenge part of 
bilirubin through ATP-binding cassette trans-
porter B1 (ABCB1) and ATP-binding cassette 
transporter C1 (ABCC1) to maintain bilirubin 
equilibrium [52]. Whereas others bind tightly  
to myelin-rich membranes of central neurons, 
enhancing the activity of acid-sensing ion ch- 
annels (ASICs) (Figure 2) [51], increasing the 
overload of intracellular calcium ion, upregu- 
lating cytochrome P-450 (CYP) [53], causing 
oxidative stress and mitochondrial changes 
and eventually leading to autophagy activity or 
ultimately neuronal apoptosis (Figure 1B) [51, 
54]. Irreversible neurogenesis causes early ce- 
rebral injury, prolonging learning and memory 
impairment and then damage to complex sen-
sorimotor functional areas, such as the brain-

Figure 2. Associations between gut microbiota and bilirubin encephalopathy. The microbiota in gut produce less 
SCFA which increases the permeability of blood brain barrier, causing unbound bilirubin entry into the central ner-
vous system. The effect of high bilirubin in cerebrospinal fluid is neuronal damage. In neurons, bilirubin causes in-
tracellular calcium increase, lipid peroxidation, protein oxidation, nitric oxide and mitochondrial membrane damage. 
There are also inflammatory injuries in non-neuronal cells of the central nervous system. In hazardous levels of bili-
rubin, oligodendrocytes secrete more reactive oxygen species and caspase 3, and cause damage to mitochondrial 
function. Astrocyte are also susceptible to high levels of bilirubin resulting in an increase in intracellular IL-6, IL-1 and 
TNF-α. Microglia respond to bilirubin with high level of TNF-α, IL-1 and matrix metalloproteinases. At the same time, 
MRP1, ABCB1 or ABCC1 on the membrane also have the protective mechanism of clearing unconjugated bilirubin 
in the brain. Bilirubin oxidase and CYP450 enzyme are metabolic enzymes of intracellular bilirubin. SCFA: short 
chain fatty acid. ABCB1: ATP-binding cassette transporter B1 (ABCB1). ABCC1: ATP-binding cassette transporter 
C1. NMDA: N-methyl-D-aspartic acid receptor. MRP1: multidrug resistance-associated protein. IL: interleukin. TNF: 
tumor necrosis factor.

file:///C:/Users/Administrator/Desktop/ajtr0116075/javascript:;
file:///C:/Users/Administrator/Desktop/ajtr0116075/javascript:;
file:///C:/Users/Administrator/Desktop/ajtr0116075/javascript:;
file:///C:/Users/Administrator/Desktop/ajtr0116075/javascript:;


Microbiota in neonatal hyperbilirubinemia

7463	 Am J Transl Res 2020;12(11):7459-7474

stem, cerebellum, vestibular and auditory nu- 
clei, hippocampus [51]. Additionally, neonatal 
hyperbilirubinemia is associated with child-
hood type 1 diabetes [55], visual impairment 
[56], asthma [57] and other mental develop-
mental disorders in childhood [58]. To sum  
up, whether bilirubin is a curse or boon for  
neonate depends on different levels of biliru-
bin, regional specificity and cellar specificity.

Cross talk between microbiota and bilirubin 

Regulation of bilirubin by intestinal microbiota: 
An increasing large body of studies have dem-
onstrated that gut microbiota regulates biliru-
bin metabolism in enterohepatic circulation 
through dihydroxylation and dehydrogenation. 
Early evidence from germ-free animals eluci-
dates that gut microbiota was a necessary  
condition for bilirubin catabolism in the gut  
as early as the 1960s. It was found that the 
average fecal urobilin production of the germ-
free rodents is 0 mmol, while that of conven-
tional rats was 3.4 mmol [59]. In a research, 
when rats were fed with clindamycin or neo- 
mycin to fight anaerobic bacteria, the urobilin 
disappeared, while serum bilirubin continued 
to rise [60]. In addition, subsequent studies 
have shown that the use of antibiotics to clear 
intestinal microflora in healthy people has a 
similar effect on bilirubin [61]. These data de- 
monstrate that intestinal microbiota alterna-
tion not only decreases the eradication of bi- 
lirubin, but also increases plasma levels, pos-
ing a potential threat to some organs of the 
human body. 

Several studies have confirmed specific bacte-
rial strains that can hydrolyze bilirubin, con- 
taining Clostridium ramosum [59, 62], Clostri- 
dium perfringens and difficile [60, 63-65], and 
Bacteriodes fragilis [66]. These core species 
could reduce urobilinogen mixtures, including 
dihydrobilirubin, mesobilirubin, dihydromesobi- 
lirubin, urobilinogen, half-stercobilinogen, and 
stercobilinogen to oxidant urobilin respectively 
in vivo and in vitro conditions. Escherichia coli 
has a synergistic effect on urobilin production 
in vitro [59]. Although there is no evidence 
showing that Bifidobacterium can metabolize 
bilirubin directly, it is found that Bifidobacte- 
rium can directly metabolize bilirubin in rat 
model, which is related to the activity of oral 
β-glucuronidase [67]. A study demonstrated 
that supplementation of Lactobacillus Planta- 

rum to activate PKC pathway can inhibit dys-
function of tight junction protein in intestine 
epithelium induced by unconjugated bilirubin 
[49]. Human gut contains 100 trillion microor-
ganisms, forming a complex bacterial network 
[68]. The bilirubin catabolism may be accom-
plished by combined action of bacteria of the 
human body. Notably, although we know their 
omnipresent occurrence in the gut and irre-
placeable function, the bilirubin reductase and 
complex mechanisms present in bacteria have 
not been identified.

Bilirubin as a regulator of intestinal microbiota: 
In turn, it is well evidenced that bilirubin can 
regulate the structure and metabolism of the 
microbiota. There are two studies showing th- 
at bilirubin is potentially toxic towards Gram-
positive bacterium, such as Enterococcus fae-
calis, Bacillus cereus, Staphylococcus aureus 
and Streptococcus agalactiae, because their 
sensitivity to bilirubin destroys the integrity of 
the bacterial membranes, respiratory metabo-
lism and carbohydrate metabolism [50, 69]. 
Conversely, bilirubin can promote the prolifera-
tion of Gram-negative bacterium Enterococ- 
cus faecalis under neutralizing free radicals 
attacking bacteria [69]. 

Association between gut microbiota and hyper-
bilirubinemia: clinical data

It has been recognized that microbiota is vital 
in bilirubin metabolism in the previous dis- 
cussion. Human studies have shown that the 
microorganism communities associated with 
hyperbilirubinemia are statistically different 
from those in the control group. Neonatal gut,  
a nearly germ-free environment, is colonized  
by very few bacteria at birth. Urobilinogen was 
not detected in feces until the fifth day after 
delivery, and the amount of bilirubin is only  
one-tenth of that of adults, due to the low  
bacterial conversion [65]. The imbalance of  
the microbial community is considered to be 
one of the causes of neonatal hyperbilirubine-
mia and has attracted much attention in re- 
cent years. In this section, we summarize the 
interaction between neonatal hyperbilirubine-
mia and gut microbiota in different states 
(Table 1) [9-12, 14].

Neonate hyperbilirubinemia and meconium: 
Meconium is the neonatal first stool sample 
containing the initial gut microbiota associ- 
ated with profound effects on the various dis-
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Table 1. Summary of studies linking microbiota and hyperbilirubinemia in neonate

Type
Author
Year
Design

NO of: Infants
samples
case, control

Analysis techniques
region, achine
database

Age Abundance in infants with NH Diversity

Meconium Dong [14]
2018
PCS/RCT

301
301
141, 160

16S rRNA
V3
HiSeq2500 PE250
PICRUSt/KEGG 

1 d Genus level
    ↑Bifidobacterium pseudolongum (P=0.03)

↑α-diversity in  
cesarean infants 
(Shannon index) 
(P<0.05)

Beast Milk Jaundice Duan [9]
2018
PCS/RCT

34
34
12, 22

16S rRNA
V3-V4
MiSeq Illumina 
KEGG

14-35 d Genus level
    ↓Escherichia/Shigella (P=0.01)

↓α-diversity  
(Simpson index)

Li [10]
2019
PCS/RCT

11
11
6, 5

16S rRNA
V3-V4
MiSeq Illumina 

7-14 d Family level
    ↑Escherichia (P=0.01)
    ↓Staphylococcus (P=0.016)
    ↓Klebsiella (P=0.009)
    ↓Akkermansia (P=0.02) 
Genus level
    ↑Escherichia (P<0.05)

α-diversity (P>0.05)
↓β-diversity (P<0.05)

Ru [12]
2015
PCS/RCT

152
152
76, 76

qPCR
Bifidobacterium adolescentis
Bifidobacterium bifidum
Bifidobacterium longum
Lactobacillus fermentans
Lactobacillus carinii
Lactobacillus plantarum

0-28 d Genus level
    ↓Bifidobacterium adolescentis (P=0.000)
    ↓Bifidobacterium bifidum (P=0.000)
    ↓Bifidobacterium longum (P=0.000)

Bilirubin encephalopathy Li [11]
2018
PCS/RCT

54
54
26, 28

16S rRNA
V3-V4
MiSeq Illumina 

0-28 d Genus level
    ↓Fusobacterium (P<0.05)
    ↓Catabacter (P<0.05)
    ↓Succinivibrio (P<0.05)
    ↓Clostridium (P<0.05) 
    ↓Bacteroides (P<0.05)

↓α-diversity  
(numbers of OTUs, 
Chao1 index and 
Shannon index) at 
family level (P<0.05)

Yang [15]
2019
PCS/RCT

108
108
52, 56

16S rRNA
V3-V4
MiSeq Illumina

3-38 d Genus level
    ↓Catabacter (P<0.05)
    ↓Fusobacterium (P<0.05)
    ↓Bacteroides (P<0.05)
    ↓Succinivibrio (P<0.05)
    ↓Clostridium (P<0.05)

NH, neonate hyperbilirubinemia; 16S rRNA, 16S rRNA gene sequencing; PCS, prospective cohort study; qPCR, quantitative polymerase chain reaction.
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eases during every period of life, including NEC 
[70], respiratory problems and allergic diseas-
es [71]. Dong [14] investigated the role of 
microbiota in hyperbilirubinemia by a nested 
case-control design. The results showed that 
newborns with jaundice had lower Shannon 
index (representing lower α diversity and pro-
portion in microflora) in the cesarean section, 
but there was no similar result in vaginal de- 
livery. Besides, the research found that Clos- 
tridium perfringens was significantly upregu- 
lated in the jaundice group [14], which is a bit 
surprising because it has been found that 
Clostridium perfringens can reduce intestinal 
bilirubin to urinary bilirubin [63, 64]. This result 
was considered to be feedback on hyperbiliru-
binemia in the neonate [14]. It is suggested 
that the microorganisms in meconium are the 
basis of the formation of microflora and have  
a far-reaching influence on the occurrence of 
jaundice.

Breast milk jaundice and microbiota: Breast 
milk received increased attention because of 
its beneficial function [72], and breast milk 
jaundice occurs more frequently in four-week-
old newborns who are mainly breast-fed, up to 
20% and 30% [8]. The etiology of breast milk 
jaundice is unclear, and the usually compel- 
ling theory is the increase in enterohepatic cir-
culation, although it may be caused by several 
factors, such as β-glucuronidase and preg-
nane-3a, 20β-diol contained in breast milk, 
UGT 1A1 enzyme activity and gut microbiota. 
As we all know, breast milk contains a large 
number of living microorganisms, including 
Staphylococcus, Streptococcus, Lactobacillus, 
Bifidobacterium, Proteobacteria, which can re- 
gulate the development of microbiome and 
affect the functional metabolites of gastroin-
testinal tract in newborns [73, 74].

The relationship between microbiota and 
breast milk jaundice has been consistent in 
several studies, mainly focusing on the char- 
acteristic changes and richness of intestinal 
flora. In general, breast milk jaundice occurs  
in 5-7 days of life [38]. In newborns, one pre-
liminary study uses real-time PCR to study the 
difference of microbial composition between 
neonates (2 weeks) with the breast milk jaun-
dice group (n=76) and healthy control group 
(n=76). The fecal levels of Bifidobacterium  
adolescentis, Bifidobacterium bifidum and Bi- 
fidobacterium longum in the breast milk jaun-
dice group were significantly lower than those 

in the control group, and negatively correlated 
with serum bilirubin [12]. These findings are 
consistent with two other studies on infants 
under three months old, who also found a  
negative correlation between Bifidobacterium 
in feces and serum bilirubin in infants with 
breast milk jaundice [75, 76]. Furthermore, 
Zhou [76] performing shotgun metagenomic 
sequencing and metagenome-wide associa- 
tion revealed that the fecal microbiota profile  
of breast milk jaundice was characterized by 
decreased microbial diversity and decreased 
abundance of bifidobacteria, Bacteroides Fra- 
giles, and Bacteroides Thetaiotaomicron. The 
research also found that the expression of  
metabolic genes in microbiota was related to 
breast milk jaundice, especially the expres- 
sion of galactose metabolism-related genes. 
On the one hand, the decrease of Bifidobac- 
terium was positively associated with the de- 
crease of the expression of galactose metabo-
lism pathway-related genes, which reduces the 
upstream production of UDP-glucose, leads to 
the shortage of UDPGA, and affects the trans-
formation of bilirubin [77]. Bifidobacterium 
reduces the activity of β-glucuronidase [78], 
thus inhibiting bilirubin enterohepatic circula-
tion. In another study, the fecal microbiota  
composition of newborns with normal and 
severe breast milk jaundice was compared by 
16S rRNA sequencing. There was no differen- 
ce in α-diversity and Bifidobacterium in the 
samples, but it was found that the abundance 
of Staphylococcaceae, Staphylococcus, Kleb- 
siella, and bacillales was negatively correlated 
with the severity of the disease [10]. These 
studies show that the imbalance is associated 
with the severity of breast milk jaundice, and 
provide strong evidence for the application of 
Bifidobacterium in breast milk jaundice. 

Bilirubin encephalopathy and microbiota: Mi- 
crobiota-gut-brain axis is a relatively new con-
cept, which reflects the bidirectional, effective 
communication between the central nervous 
system and intestinal microbiota in the gut via 
signals of immune, nervous, endocrine and 
metabolites [79]. The accumulation of bilirubin 
in brain tissue may cause neuronal damage, 
which in turn leads to the cascade effect of 
neonatal brain cells. It is well established due 
to the down-regulation of tight junction pro- 
tein, the blood-brain barrier of germ-free rats  
is more permeable as compared to normal rats 
at birth and adulthood [80]. The relationship 
between intestinal microbiota and encephalop-
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athy in neonatal hyperbilirubinemia is an at- 
tractive topic. Li found that the microbial abun-
dance in bilirubin encephalopathy group was 
lower than that in the non-brain injury group, 
and the abundance of some bacteria that  
mainly produced short-chain fatty acids, such 
as Fusobacterium, Catabacter, Succinivibrio, 
Clostridium and Bacteroides, were significant- 
ly lower than those in the control group [11]. 
Another study using 16S ribosomal DNA se- 
quence also found that bacteria reduction in 
bilirubin encephalopathy is associated with 
short-chain fatty acid metabolism [15]. Seve- 
ral studies have demonstrated that the sup- 
plement of short-chain fatty acids can reduce 
the permeability of the blood brain barrier by 
histone acetylation [81], and increase hippo-
campal neurogenesis and hippocampal meta-
bolic activation [82]. Therefore, the dysbiosis  
of gut microbiota indirectly affects the blood 
brain barrier and brain regions via short chain 
fatty acid (Figure 2).

Multiple evidence suggests the crucial role  
for bacteria in neonatal hyperbilirubinemia but 
further experiments are still under way to ful- 
ly understand the complex relationship bet- 
ween microflora and hyperbilirubinemia. Alth- 
ough microbiota-associated metabolism of mi- 
crobiota has been described, there may be 
many other molecules that affect the develop-
ment of hyperbilirubinemia. Future research 
should pay more attention to molecular rela-
tionship between microbiota and hyperbilirubi- 
nemia.

Modulating microbiota for neonatal hyperbili-
rubinemia therapy

Probiotics

Probiotics are live microorganisms that provide 
benefits on host health after being adminis-
tered in amounts dose [83]. Several lines of 
research have evidenced that probiotic is the 
preferred therapy target for neonatal hyperbili-
rubinemia. Given the key role of microflora dis-
orders in neonatal jaundice and enterohepatic 
circulation [9-14, 75], microbiota intervention 
is expected to pave the way for the treatment 
and prevention of neonatal hyperbilirubinemia, 
but its benefits remain controversial (Table 2) 
[84-92]. In several population-based studies, 
numerous probiotics have shown beneficial ef- 
fects in the treatment of neonatal hyperbiliru- 
binemia. Two meta-analyses involving the ran-

domized control trials (RCT) recently found th- 
at the single-strain or multi-strain probiotics 
with standard treatment were more effective  
in reducing total serum bilirubin, jaundice re- 
gression time, duration of phototherapy and 
hospitalization [93, 94]. However, a subse-
quent intervention comprising saccharomyces 
boulardii in 119 neonates (58 in the case  
group and 61 in the placebo group) failed to 
reduce the clinical course of hyperbilirubine- 
mia [84, 95]. Despite the experimental thera-
peutic date, the meta-analysis of Deshmukh 
[93] found that oral probiotics did not signifi-
cantly reduce the incidence of neonates with 
jaundice for hyperbilirubinemia prophylaxis. Al- 
though probiotics increased the frequency of 
fecal emptying to reduce enterohepatic circula-
tion compared with the control group, supple-
mentation of probiotics did not continuously 
reduce serum bilirubin more effectively [88].

Probiotics affect neonatal hyperbilirubinemia 
via various potential mechanisms to balance 
microbiota dysbiosis and reduce bilirubin (Fig- 
ure 3). The most popular probiotics strains, 
including (but not limited to) Saccharomyces 
boulardii, Bifidobacterium, Lactobacillus reu- 
teri, Bacillus clausii, Bacillus subtilis, Clostridi- 
um butyricum, have been evaluated for their 
efficacy in the treatment of hyperbilirubinemia 
[88, 93, 94]. Investigators found that supple-
mentation of therapeutic probiotics in new-
borns was beneficial to promoting intestinal 
colonization and inhibiting pathogens, and dif-
ferent probiotics showed strain-specific func-
tions [96]. In neonatal jaundice, the relative 
abundance of Bifidobacterium in patients re- 
ceiving breast milk was lower than that in the 
control group [12, 75, 76]. Bifidobacterium can 
increase stool frequency, decrease enterohe-
patic circulation and intestinal pH and inhibit 
the activity of the enzyme β-glucuronidase [67, 
93]. In vitro, Lactobacillus could enhance the 
tight junction protein of intestinal epithelium, 
after high concentration of bilirubin increased 
the intestinal permeability [49]. Saccharomy- 
ces boulardii has been found to increase in- 
testinal polyamines to promote intestinal ma- 
turity, which is a potential mechanism for de- 
creasing enterohepatic circulation [84]. 

A fundamental risk of probiotic strategies is 
that newborns are vulnerable to infections 
caused by live microbes. Although the infec-
tions mostly occur in premature infants and 
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surgical conditions, neonatal jaundice has a 
potential risk of sepsis with oral probiotics  
[97, 98]. Meta-analysis showed that among  
the 207 cases, 20 cases of probiotics had ad- 
verse reactions such as fever, diarrhea, rash 
and fatigue [94]. Therefore, using probiotics in 
the vulnerable neonate with jaundice should 
weigh up the pros and cons, and the height-
ened scrutiny is necessary [93].

Prebiotics

Prebiotics are non-digestible food supplement 
which stimulates microbiota in the gut and  
confers health benefits to the host [99]. Oligo- 
saccharides in breast milk serve as prebiotics 
to increase the stool frequency and growth of 
Lactobacillus and Bifidobacterium [100]. Ar- 
menian [101] investigated the effectiveness  
of prebiotics including short-chain galacto-oli-
gosacarids and long-chain fructo-oligosacarids 
in preterm neonates and found during photo-
therapy, prebiotics increased fecal frequency 
and decreased serum bilirubin. Similarly, a  

clinical study has shown that the serum biliru-
bin was reduced with the administration of  
prebiotic in term neonates [102]. Recently, a 
systematic review and meta-analysis including 
154 subjects found that prebiotics supple- 
mentation reduced the risk of hyperbilirubine-
mia, duration of hospital stay and increased 
the fecal frequencies, whereas there was no 
significant difference in maximum serum bili- 
rubin and phototherapy time [96]. The underly-
ing mechanisms may be to promote intestinal 
growth, regulate intestinal microflora, remove 
the regulation of β-glucuronidase in the mid- 
dle colon to reduce the enterohepatic circula-
tion of bilirubin [101, 103, 104]. There was no 
negative consequence found in the study of 
neonatal jaundice, but the profound effect is 
poorly understood.

With many therapeutic targets for altering the 
intestinal microbiome of neonate hyperbilirubi-
nemia, it is worth mentioning that probiotic is 
not the only way to reduce enterohepatic circu-
lation, which is essential to weigh advantages 
and disadvantages. Prebiotics are potential 

Table 2. The therapeutic effects and safety of probiotics in neonatal hyperbilirubinemia

Probiotic strain
Author
Year
Study design

No of Case 
Control

Involved requirement
(Gastational age Birth 
weight)

Primary Outcomes (case VS. 
control)

Adverse 
effect

Saccharomyces boulardii Serce [84]
2015
RCT

58
61

35-42 weeks TCB (mg/dl)
    24 h: 4.1 vs. 13.5 P=0.085
    96 h: 14 vs. 13.4 P=0.24

NO

Demirel [85]
2013
RCT

81
98

≤32 weeks
≤1.5 kg

Duration of phototherapy (days)
    1.9 vs. 2.6 P=0.000

NO

Suganthi [86]
2016
RCT

86
95

≥32 weeks
>2.5 kg

Incidence of clinical jaundice
    66% vs. 77 P=0.047

NO

Bacillus clausii Chandrashekhar [92]
2017
RCT

510
533

>35 weeks Duration of phototherapy (hours)
    18 vs. 24 P=0.027

NO

Bacillus licheniformis Tian [91]
2016
RCT

35
34

≥37 weeks STB (umol/l)
    5 d: 116.38 vs. 140.84 P<0.01

No

Lactobacillus reuteri Shadkam [87]
2015
RCT

30
30

28-34 weeks
1000-1800 g

Incidence of jaundice
    96.6% vs. 86.7% P<0.35

NEC
Spesis

Lactobacillus rhamnosus Mutlu [88]
2019
RCT

30
30

35 to 42 weeks STB (umol/l)
    24 h: 9.46 vs. 9.67 P=0.478
    48 h: 10.63 vs. 11.04 P=0.221

NO

Lactobacillus bulgaricus
Bifidobacterium
Streptococcus thermophilus

Liu [90]
2015
RCT

34
34

38-42 weeks STB (umol/l)
    1 d: 312 vs. 309 P>0.05
    4 d: 195 vs. 155 P=0.002
    7 d: 108 vs. 179 P=0.007

NO

Bifidobacterium lactis
Bifidobacterium bifidum
Lactobacillus acidophilus
Lactobacillus rhamnosus

Torkaman [89]
2017
RCT

45
47

≥35 weeks
≥2500 g

TCB (mg/dl)
    24 h: 12.12 vs. 13.71 P=0.001
    96 H: 9.8 vs. 10.29 P=0.74

NO

STB: serum total bilirubin. TCB: transcutaneous bilirubin.
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administration that influence the microbiota 
community in reducing the risk of hyperbili- 
rubinemia. Continued studies are needed to 
explore more effective ways to evaluate the 
long-effects of probiotics and prebiotics in the 
treatment of neonatal hyperbilirubinemia.

Conclusions and perspectives

The combination of technology, observation 
data and experimental insights is elucidating 
the role of microbiota in the pathogenesis of 
neonatal hyperbilirubinemia. Microbiota close- 
ly interact with gut epithelial cells to regulate 
intestinal bilirubin, play a role in convergence, 
and promote the metabolic pathway of biliru-
bin. Though microbiota plays an important  
role in the progression of hyperbilirubinemia, 
the detailed bioactive molecular mechanisms 
are not fully understood. Several advanced 
tools which are helpful to clarify the potential 
pathological mechanism of neonatal hyperbili-
rubinemia are humanized animal models, me- 

tagenome technology, metabonomic technolo-
gy. Although the bioinformatics spectrum and 
metabolic pathways of bioactive molecules re- 
lated to bacteria have been explored, further 
research on fungi, viruses and archaea will  
promote the development of research in this 
field. Notably, the etiological study of specific 
bacteria ignores the interaction between dif- 
ferent microbial communities. Further detail- 
ed research and design can ameliorate this 
problem, and technology is needed to find  
out the links between different types of organ-
isms. Although there are problems with the 
landscape of microflora, it is still a scientific 
challenge to identify biomarkers of kernicte- 
rus in newborns. Therefore, more multicenter, 
randomized clinical trials are worth studying  
to select a peculiar microbial signature as- 
sociated with neonatal hyperbilirubinemia or 
kernicterus.

Neonatal hyperbilirubinemia is the most com-
mon clinical disorder, and its pathogenesis is 

Figure 3. The potential mechanism of probiotic in neonate jaundice. 1. Promote colonization course. 2. Supress 
pathogenic. 3. Increase stool frequency and reduce enterohepatic circulation and inhibit the activity of the enzyme 
β-glucuronidase. 4. Enhance the tight junction protein. 5. Increase polyamines in the gut to improve the intestinal 
maturity.
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related to the imbalanced of microbial commu-
nity. Our proposed bilirubin-intestinal microbio-
ta-neonatal hyperbilirubinemia cycle is an im- 
portant step in understanding neonatal jaun-
diced and bilirubin encephalopathy (Figure 4). 
Modulating microbiota dysbiosis in neonatal 
hyperbilirubinemia has proved to be an effec-
tive strategy to reduce serum bilirubin in se- 
veral studies. However, even though probiotics 
and prebiotics have a significant effect on the 
treatment of hyperbilirubinemia, efficacy is still 
controversial. It is necessary to study the me- 
chanism in detail in order to provide a persua-
sive new treatment strategy for neonatal hy- 
perbilirubinemia or kernicterus. Furthermore, 
ongoing research on the therapeutic efficacy  
of the hyperbilirubinemia should compare the 
effects of probiotics and prebiotics. Research 
is also necessary to examine the risks and  
benefits of multiple and specific strains, and 
additional criteria should be involved to limit 
the use of probiotics to avoid safety problems. 
Additionally, further strong research designs 

are needed to cover the long-term benefits or 
risks of probiotics on neonatal jaundice later  
in life. A novel approach in the complex field  
of microflora and neonatal hyperbilirubinemia 
will make a breakthrough in treatment and, 
more importantly, in the prevention of ence- 
phalopathy.
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Figure 4. A bilirubin-intestinal 
microbiota-neonatal hyperbiliru-
binemia cycle. The relationship 
between bilirubin, intestinal mi-
crobiota and neonatal hyperbili-
rubinemia is not unidirectional 
but actually interacts with each 
other through different mecha-
nisms. This cycle provides ex-
citing new perspective for the 
pathogenesis and treatment of 
neonatal hyperbilirubinemia.
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