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Abstract
Background: To explore the potential biological characteristics of traditional Chinese medicine(TCM)
 syndromes in CHB patients is of great signi�cance to improve the level of TCM treatment.This study
was designed to explore the characteristics of gut microbiota in CHB patients with two most common
TCM Syndromes.

Methods: According to the diagnostic criteria of Western medicine, TCM and screening exclusion criteria,
65 cases of CHB patients with damp heat syndrome and 28 cases of CHB patients with liver depression
and spleen de�ciency syndrome were �nally included in the study. All the basic information was gathered
and the fresh fecal samples were collected for 16S rDNA sequencing. 16S rDNA of gut microbiota was
sequenced using Illumina hiseq 2500 high-throughput sequencing platform.Based on the optimized
sequence, OTU clustering analysis and taxonomic annotation were carried out.

Results: The difference in relative abundance of gut microbiota was signi�cant between damp heat
syndrome and liver depression and spleen de�ciency syndrome in CHB patients. Cyanobacteria was only
found in damp heat syndrome.The relative abundance of Erysipelotrichia and Subdoligranulum were
higher in liver depression and spleen de�ciency syndrome,while the relative abundance of
Rhodospirillales, Alphaproteobacteria,and Lachnospira were higher in the damp heat syndrome.LEfSe
analysis showed that Lachnospira,Olsenella and Subdoligranulum had signi�cant difference in species
among the two TCM syndromes.

Conclusions: The different characteristics of gut microbiota in the two TCM syndromes of CHB patients
may play an important role in syndrome formation of TCM,which provides a new �eld of vision for the
accurate diagnosis and treatment of TCM.

Background
Chronic hepatitis B virus (HBV) infection,which causes nearly one million deaths each year,remains a
major public health problem worldwide.1,2 A modelling study estimated that the global prevalence of
HBsAg was 3.9% in 2016.2 Among the untreated patients with chronic hepatitisB virus infection, 15–40%
progress to cirrhosis that may lead to liver failure and liver cancer.3 The development and prognosis of
HBV infection-related diseases are closely associated with their complex immune response and virus
interaction. A large amount of evidence reveals that the occurrence and development of chronic HBV
infection is not only related to virus load, but also closely associated with immune response andgut
microbiota.4 The host immune response induced by HBV infection not only drives the progress of the
disease, but also signi�cantly affects the effect of antiviral therapy. On the contrary, immune tolerance
and ineffective response to HBV will lead to the continuous replication of HBV, thus developing into
chronic infection.5 At present, it is considered that the exhaustion of T cells make the immune response
of the body unable to start effective immune response to eliminate HBV, which leads to the continuous
infection of the virus. 6,7 The long-term effect of high load viral antigens in chronic HBV infection is the
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most direct reason for the depletion of T cells. Due to immature immune system of infants, about 90% of
children's diseases become a chronic progression after HBV infection because of insu�cient immune
response, and the probability of chronic development will gradually reduce after 5 years old. In addition,
about 25% of children can develop cirrhosis after HBV infection, which is just in line with the age of
mature immune system and establishment of perfect intestinal microecology. 8,9

For the treatment of CHB, even the most widely used nucleoside analogues or interferon can not achieve
the cure of the disease. 10,11 The above mentioned therapies of CHB to restore the immune function of
the body and improve the T cell response may be an important target for the treatment of CHB in the
future. There are many immunotherapies at present, but the toxic and side effects of its immune
preparations, technology, cost etclimit the implementation of its research. As a research hotspot in the
scienti�c community, gut microbiota has been proved to be closely related to the occurrence and
development of some diseases of the human system. The gut microbiota can not only promote the
maturity of the human immune system, but also affect the occurrence, development and prognosis of
liver disease.12 The study of "Gut-liver Axis" shows that the liver and intestine are connected through
portal vein and biliary tract system. 13,14 The late studies have proved that the gut microbiota plays an
important role in the development and prognosis of chronic HBV infection. For example, Wang's study
has con�rmed that the intestinal bacteria will shift after the alteration of gut microbiota, which will cause
liver in�ammation after entering the liver, and affect the immune function of liver T cells and reduce the
ability of clearing HBV at the same time. 15 Therefore, it is of great signi�cance to study the regulation of
gut microbiota in the treatment of CHB.

The traditional Chinese medicine ( TCM ) has been widely used in the treatment of CHB in China.16

Syndrome differentiation and treatment is the core content of traditional Chinese Medicine.It is necessary
to �nd the potential biological characteristics of TCM Syndromes of chronic hepatitis B to improve the
level of TCM clinical syndrome differentiation and treatment.17 TCM has also been proved to have a
certain effect in regulating gut microbiota,so the research of TCM syndromes based on gut microbiota
can not only enrich the scienti�c connotation of TCM syndromes, but also provide a new direction for the
theoretical research of TCM.18 The damp heat syndrome and the liver depression and spleen de�ciency
syndrome are the most common TCM syndromes in patients with CHB.19,20.21 By analyzing the
characteristics of gut microbiota in CHB patients with damp heat syndrome and liver depressione and
spleen de�ciency syndrome, the biological connotation of the two TCM syndromes was discussed in this
study.

Methods

Sample Collection
This study was approved by the medical ethics committee of Foshan Hospital of traditional Chinese
medicine.A total of 157 patients with HBV infection (group AA)and 35 healthy people(group JK) who were
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come from Foshan Hospital of TCM from April 2018 to January 2019 were enrolled in this study and
signed written informed consent. All these patients were diagnosed according to the EASL 2017 Clinical
Practice Guidelines on the Management of Hepatitis B Virus Infection and the Guideline of Prevention
and Treatment for Chronic Hepatitis B (2015 Update):22,23(1)historical history of CHB or HBsAg positive
for more than 6 months;(2)ages 18 to 65;(3)2 × ULN ≤ ALT ≤ 10 × ULN,and TBIL ≤ 51.3umol/L;(4)HBV-
DNA level (≥ 2000 IU/ml); (5)anormal testing result of liver color doppler ultrasound and transient
elastography(FibroScan).The exclusion criteria of CHB patients were as follows: (1) suffering from
disease of the kidney, heart, brain, or lung, or any other organ;(2) suffering from alcoholic and non-
alcoholic fatty liver disease,chronic severe hepatitis, cirrhosis or liver tumor; (3) pregnant or lactating
women; (4) with special dietary habits, such as vegetarians;(5) those who have used antibiotics and
microecological agents in the past three months.The TCM syndrome diagnosis was carried out according
to the standards of traditional Chinese medicine syndrome differentiation for viral hepatitis:24 (1) damp
heat syndrome; (2) liver depression and spleen de�ciency syndrome; (3)blood stasis syndrome; (4)Yin
de�ciency of liver and kidney syndrome; (5) Yang de�ciency of spleen and kidney.In order to ensure the
reliability of TCM syndrome differentiation, the information collection of TCM four diagnoses of all
patients was carried out by the intelligent diagnosis instrument (SMF-II TCM comprehensive diagnosis
system, produced by Wuhu shengmeifu Technology Co., Ltd.). All the study cases enrolled was shown in
the �ow chart(Fig. 1).

Demographic and Clinical Characteristics
In 157 patients (group AA), there were 46 males and 19 females, with an average age of 33.05 ± 
7.42 years.There were 20 males and 15 females with an average age of 34.14 ± 8.85 years in the healthy
control group (group JK).There was no signi�cant difference in gender and age between the two groups
(P > 0.05). Among the 65 cases of CHB patients with damp heat syndrome (group G), there were 46 males
and 19 females with an average age of 32.68 ± 6.59 years.There were 28 cases of CHB patients with liver
depression and spleen de�ciency (group HJ), 14 male and 14 female, with an average age of 32.11 ± 
7.75 years.There was no signi�cant difference in gender and age between the two TCM syndrome groups
(P > 0.05).In the two TCM syndrome groups of CHB patients, ALT, AST, TBIL and HBV DNA etc diagnostic
indicators were also observed(Table 1).
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Table 1
Demographic and clinical characteristics in this study

  AA(n = 157) JK(n = 35) G(n = 65) HJ(n = 28)

Age 16 ~ 57 24 ~ 55 16 ~ 53 17 ~ 47

means ± SD 33.05 ± 7.42 34.14 ± 8.85 32.68 ± 6.59 32.11 ± 7.75

Sex        

Female 64(41%) 15(43%) 19(29%) 14(50%)

Male 93(59%) 20(57%) 46(71%) 14(50%)

ALT(U/L)        

means ± SD     135.42 ± 136.89 84.60 ± 107.59

AST(U/L)        

means ± SD     103.26 ± + 275.43 43.93 ± 32.77

GGT(U/L)        

means ± SD     47.95 ± 43.99* 28.93 ± 25.04*

HBV DNA(IU/mL)        

means ± SD     6.76 ± 1.51 6.71 ± 1.48

NOTE.AA:patients with HBV infection JK:healthy people G: damp heat syndrome of CHB;HJ:liver
depression and spleen de�ciency syndrome of CHB

ALT: alanine transarninase;AST: aspartate aminotransferase;GGT : γ-glutamyl transpeptidase

*P < 0.05: compared with group G and group HJ

Data Processing and Bioinformatics Analysis
Fresh fecal samples were collected from all participants, frozen immediately and stored at -80℃for
further processing. Fecal DNA extraction and 16S rDNA gene sequencing were completed by Institute of
Microbiology, Chinese Academy of Sciences.In this experiment, a double-index double ampli�cation
method was used to prepare a PCR amplicon library. The primers for the �rst PCR ampli�cation were
obtained by adding partial sequencing adapter sequences at both ends of the universal primer for
speci�c ampli�cation to complete speci�c PCR ampli�cation. At the same time, a part of the adapter
sequence was added.The forward and reverse primers of the second ampli�cation each had an 8-base
index sequence.The resulting PCR product included the target sequence and a complete sequencing
adapter sequence with two indexes.Environmental microorganism DNA samples were subjected to the
�rst PCR ampli�cation with universal primers (for example, 357F / 806R for 16SV3V4 region
sequencing).Beads were puri�ed and a second ampli�cation was performed after puri�cation to ensure
that each sample had a different index combination. After the library was quanti�ed and homogenized,
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samples with different index sequences were mixed together. The mixed samples were Illumina
Hiseq.The library was sequenced by 250 bp (250PE) double-ended library using 2500 high-throughput
sequencing platform.The o�ine data was split using different index sequences.Based on the overlap
relationship,the PE reads was obtained by Hiseq sequencing.The obtained double-end sequences were
spliced into a target region sequence,and the target sequence was subjected to quality control �ltering.

The �ltered sequence was compared with a reference database,and the chimeric sequence was removed
to obtain the �nal optimized sequence.OTU clustering analysis and Annotation of Taxonomy were based
on the optimized sequence.Analysis of diversity index was based on OTU clustering results.Analysis of
species structure and species difference were based on taxonomic information.

Statistical Analysis
The continuous variables were summed up as mean and standard deviation, the discrete variables were
expressed as number and percentage, and compared with Chi-square test. All the analyses were carried
out by SPSS20.0 software, P < 0.05, with statistical signi�cance.

Results

Gut Microbiota Communities in Patients with HBV Infection
and Healthy People
The LEfSe analysis revealed that several gut microbiota were identi�ed as being signi�cantly different
among the two groups.According to LEfSe analysis, the Prevotellaceae,Veillonellaceae,Selenomonadales
and Negativicutes were more abundant in the intestine of patients with HBV infection(Fig. 2A,2B).The gut
microbiota of healthy people was enriched with Desulfovibrionaceae, Desulfovibrionales,
Deltaproteobacteria, Enterobacteriaceae, Enterobacteriales, Verrucomicrobiaceae, Verrucomicrobiales and
Verrucomicrobiae(Fig. 2A,2B).

Changes of Gut Microbiota in CHB Patients with Damp Heat
Syndrome and Liver Depressione and Spleen De�ciency
Syndrome
The Veen diagram re�ecting the difference between damp heat syndrome(group G) and liver depression
and spleen de�ciency syndrome(group HJ)was depicted(Fig. 3A). A total of 858 OTUs were identi�ed in
all samples, including 845 OTUs in damp heat syndrome(group G)and 833 OTUs in liver depression and
spleen de�ciency syndrome(group HJ)(Fig. 3A).Among them, 820 OTUs existed in both groups. Partial
least squares discriminant analysis (PLS-DA) and principal component analysis (PCA) were used to
calculate the β diversity of each group to describe the composition difference between the two TCM
syndromes. PCA and PLS-DA analysis showed that the sample points were almost totally separated but
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appeared partially overlapped.The PLS-DA results showed that the gut microbiota of subjects in CHB
patients with damp heat syndrome and liver depression and spleen de�ciency syndrome could be
distinguished at the OTU level(Fig. 3B).So the composition of gut microbiota in CHB patients with the two
TCM syndromes were signi�cantly different at the OTU level.

The relative abundances of the top 15 bacteria in two TCM Syndromes of CHB patients were compared at
the level of phylum, category, order, family and genus.The majority of sequences were arranged in four
bacterialphyla (i.e.Firmicutes,Bacteroidetes,Actinobacteria,Proteobacteria) (Fig. 4A).Among
them,Firmicutes was the most,and the second dominate phyla was Bacteroidetes.At the phylum level,
Cyanobacteria was only detected in damp heat syndrome(group G).In addition,there was a great
signi�cant difference in the relative abundance of Erysipelotrichia, Alphaproteobacteria, Rhodospirillales,
Erysipelotrichaceae, Rhodospirillaceae, Lachnospiraand, Subdoligranulum between the two TCM
syndromes(group G and group HJ) ( Table 2).

Table 2:
Relative abundance of gut microbiota in CHB patient with damp heat syndrome and liver

depression and spleen de�ciency syndrome

 (mean±SD)
Gut microbiota Group G Group HJ

Erysipelotrichia 3.234±1.704 4.386±3.061∗

Alphaproteobacteria 0.025±0.092 0.001±0.004∗

Rhodospirillales 0.024±0.092 0.001±0.004∗

Erysipelotrichaceae 3.234±1.704 4.386±3.061∗

Rhodospirillaceae 0.025±0.092 0.001±0.004∗

Subdoligranulum 1.159±1.119 1.923±1.324∗

Lachnospira 2.787±2.187 1.530±1.108∗

NOTE. ∗P< 0.05;G: damp heat syndrome;HJ: liver depression and spleen de�ciency syndrome.

 

The composition of the intestinal bacteria in the two groups was compared using the LEfSe
analysis.According to LEfSe analysis,the Lachnospira was more abundant in damp heat syndrome(group
G),while the Olsenella and Subdoligranulum were more abundant in liver depression and spleen
de�ciency syndrome(group HJ)(Fig. 5).

Discussion
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A large number of previous studies have con�rmed that there are different degrees of alteration of gut
microbiota in all kinds of chronic liver diseases, and the changes of the gut microbiota play an important
role in the occurrence and development of chronic liver disease.25 Moreover, treating a disease or
improving its prognosis can be achieved by regulating the gut microbiota. Some studies have shown that
partial bene�cial bacteria may play a role in the immune clearance of viruses in young HBV infected
persons. Another study found that the fecal bacteria transplantation in CHB patients with HBeAg positive
was more likely to produce HBeAg seroconversion than patients with oral antiviral drugs alone. 26 In
addition,The regulatory effect of traditional Chinese medicine on gut microbiota has always been
concerned. Ever-increasing evidence suggests that gut microbiota plays a crucial role in Herbal medicine
therapy by complicated interplay with Herbal medicine components.27 It is of great signi�cance to study
the biological basis of TCM syndrome based on gut microbiota to guide the syndrome differentiation and
treatment of CHB.

In this study, the TCM Syndromes of 116 patients with CHB showed damp heat syndrome in 65 cases
(56.03%), liver depressione and spleen de�ciency syndrome in 28 cases (24.14%), blood stasis syndrome
in 10 cases (8.62%), Yin de�ciency of liver and kidney syndrome in 9 cases (7.76%), and Yang de�ciency
of spleen and kidney in 4 cases (3.45%),which further con�rmed that damp heat syndrome and liver
depressione and spleen de�ciency syndrome were the main TCM Syndromes of CHB. It should be noted
that damp heat syndrome was the most common TCM syndromes in CHB patients,which might be
related to the theory of traditional Chinese medicine that damp heat was the basic pathological factor of
CHB.28 Except for the slightly different GGT changes, there was no signi�cant difference in ALT, AST, and
HBV DNA etc major laboratory diagnostic indexes between damp heat syndrome and liver depressione
and spleen de�ciency syndrome( P > 0.05).Therefore, it was necessary to explore the biological indicators
that can further re�ect the scienti�c connotation of these two syndromes.

The analysis of Venn diagram of gut microbiota showed that there was a large number of the same OTUs
in the two TCM syndrome groups, and there were also speci�c OTUs in each group.In PLS-DA analysis,
the �ora composition of the two groups was clearly separated, and there were overlaps in the middle. All
of these indicated that there were differences in the gut microbiota of CHB patients with damp heat
syndrome and liver depression and spleen de�ciency syndrome, but the differences could not be
completely distinguished.Why did this happen?The possible explanation was as follows:According to the
theory of TCM,damp heat is the basic pathological factors of CHB, which can run through the whole
course of the disease.Therefore, the liver depression and spleen de�ciency syndrome can not only
contain the syndrome factors of damp heat syndrome in part,but also can but also can transform from
liver depression and spleen de�ciency to damp heat,due to spleen de�ciency can't transport and change
water dampness with a result that a prolonged water dampness will accumulated into damp heat.28

Based on the analysis of relative abundance of gut microbiota at the level of phylum, class, order, family
and genus, it showed that only Cyanobacteria at the level of phylum was found in the damp heat
syndrome of CHB patients.Cyanobacteria may produce microcystin which can cause liver damage and
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necrosis, even induce the occurrence of liver cancer. In addition, it may also have a signi�cant inhibitory
effect on immune function.29,30 Sowe should pay attention to the role of Cyanobacteria in the occurrence
and development of damp heat syndrome in CHB patients.In addition, the relative abundance of
Subdiligranulum was lower in liver depression and spleen de�ciency syndrome in our study.It had been
found that the abundance of Subdiligranulum in the HBV decompensate cirrhosis patients was
signi�cantly lower than that in the healthy people.31 Whether "liver depression and spleen de�ciency
syndrome of CHB - Subdiligranulum - decompensation of HBV related cirrhosis " has a certain inevitable
relationship needs further study.

Furthermore, the relative abundance of Erysipelotrichia and Erysipelotrichaceae were higher in liver
depression and spleen de�ciency syndrome.Previous studies had shown that erysipelas were not only
positively correlated with fatty liver,32 but also strongly correlated with diabetic nephropath.33

Subdoligranulum,as a biomarker in liver depression and spleen de�ciency syndrome,the changes of its
abundance will lead to metabolic disorders of the host. 34 In addition, this part of research showed that
the number of Subdolegranulum in patients with ulcerative colitis was higher than that in healthy people.
Therefore, Subdoligranulum may be related to the intestinal in�ammation. The intestinal in�ammation,
intestinal mucosal barrier damage, harmful intestinal bacteria and their metabolites enter the liver
through the portal vein, and then promote the liver in�ammation or aggravate the liver in�ammation.35

Therefore, CHB patients with liver depression and spleen de�ciency syndrome may be more likely to
develop fatty liver, diabetes and other metabolic diseases than those with damp heat syndrome. This
study only conducted a preliminary study on the characteristics of gut microbiota of the two most
common TCM syndromes in patients with CHB, the sample size was not large enough and the study of
metabolites and related metabonomics of gut microbiota was still blank. In particular, the interpretation
of the biological signi�cance of related gut microbiota in TCM needs to be further studied.

Conclusion
There is a signi�cant difference in gut microbiota between damp heat syndrome and liver depression and
spleen de�ciency in CHB patients.These characteristics of gut microbiota may be to guide us to better
understanding of the biologic basis of the TCM syndrome and standardization of syndrome
classi�cation in CHB patients,which in turn improve the overall level of TCM diagnosis and treatment of
CHB and open up a new �eld of vision for the selection of TCM compound treatment targets.

Abbreviations
CHB: Chronic hepatitis B; TCM: Traditional Chinese medicine; HBV: Chronic hepatitis B virus; group AA:
Patients with HBV infection; group JK: Healthy people; group G: CHB patients with damp heat syndrome;
group HJ: CHB patients with liver depression and spleen de�ciency syndrome;OUT:Optical transform
unit;ALT: Alanine aminotransfease; AST: Aspartate transaminase; GGT: Glutamyl transpeptidase; PLS-DA:
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Partial least squares discriminant analysis; PCA: principal component analysis; LEfSe analysis :Linear
discriminant analysis Effect Size.
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Figure 2

A: Cladogram for taxonomic classi�cation of gut microbiota B: Key microbiota contributing to the
composition of gut microbiota in AA,and JK samples
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Figure 3

A: Venn diagram illustrating the overlap of OTUs identi�ed in the gut microbiota from the two groups B:
Partial least squares discriminant analysis (PLS-DA) of two groups

Figure 4

A:The relative abundance of the gut microbiota phyla B: The relative abundance of the gut microbiota
genera

Figure 5

Key microbiota contributing to the composition of gut microbiota in G,and HJ samples.


