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Introduction
Growing evidence supports the existence of a close and 

bidirectional relationship between the gut and the liver, 
commonly referred to as the gut–liver axis, which integrates 
metabolic, immunological, and inϐlammatory pathways. 
The gut microbiota plays a central role in this axis, exerting 
metabolic, immune, neurological, and nutritional functions, 
and interacting continuously with the liver. Alterations in gut 
microbial composition (dysbiosis) have been increasingly 
associated with liver injury and disease progression [1-3].

In recent years, signiϐicant advances have been made 
in elucidating the relationship between chronic hepatitis B
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(CHB) and the gut microbiota. An increasing number of 
studies have demonstrated that gut microbiota dysbiosis is 
associated with disease progression in patients with CHB [4-
7]. Moreover, emerging evidence suggests that therapeutic 
strategies targeting dysbiosis may represent a promising 
adjunct in the management of chronic liver diseases, including 
HBV infection [1-3].

Microbiota alterations appear to be particularly 
pronounced in advanced stages of HBV-related liver disease. 
In patients with hepatocellular carcinoma (HCC), a distinct 
gut microbiota signature has been described, with 122 taxa 
differing signiϐicantly from healthy controls. Among these, 
Bacteroides, Veillonella, Phenylobacterium, Synechococcus, 
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abundance correlating positively with sIgA levels, while 
Bi idobacterium shows a weak negative correlation with 
TNF-α [14].

Bile acids represent another critical link between the gut 
and the liver. While most bile acids are reabsorbed in the 
enterohepatic circulation, a fraction is metabolized by the gut 
microbiota into secondary bile acids, which exert metabolic 
and immunomodulatory effects. Alterations in bile acid 
proϐiles have been associated with liver ϐibrosis progression, 
with impaired conversion of primary to secondary bile acids 
observed in patients with more advanced ϐibrosis stages [15].

Translocation of oral microbiota to the gut has also been 
described in cirrhotic patients, including those with HBV-
related disease. Taxa such as Eikenella corrodens, Gemella 
haemolysans, Leptotrichia, Fusobacterium periodonticum, 
Selenomonas spp., Actinomyces odontolyticus, and 
Streptococcus moorei may further contribute to intestinal and 
hepatic inϐlammation [16].

Lipopolysaccharide (LPS), a component of the cell wall 
of Gram-negative bacteria, is a potent driver of systemic 
and hepatic inϐlammation. Increased intestinal permeability 
promotes LPS translocation into the portal circulation, 
activating pro-inϐlammatory pathways in the liver and 
contributing to ϐibrosis progression. Elevated LPS levels 
have been associated with disease severity in HBV-related 
liver failure [17,18]. The relative increase in Gram-negative 
bacteria, particularly Bacteroides, along with a reduction 
in Gram-positive Firmicutes, may underlie the increased 
circulating LPS burden observed in CHB.

To date, however, data comparing gut microbiota 
characteristics between patients with active versus inactive 
hepatitis B remain scarce. Therefore, we conducted a 
retrospective analysis to characterize gut microbiota features 
in HBV-infected individuals and to identify microbiota-related 
differences associated with viral activity, as deϐined by current 
EASL guidelines [19].

Materials and methods
Study setting and population

FdS Il Filo della Salute ETS is a third-sector, non-proϐit 
organization dedicated to integrative medicine and involved 
in training, information, and health education activities. Gut 
microbiota analysis is offered to individuals who access the 
services provided by the association.

Sociodemographic and clinical data are routinely collected 
in a dedicated database and retrospectively analyzed after 
written informed consent is obtained. From the entire 
database, individuals affected by hepatitis B (HBsAg-positive) 
were identiϐied, and a retrospective observational study was 
planned.

and u114 were the most enriched genera. At the phylum level, 
an increased Bacteroidetes/Firmicutes ratio and a higher 
abundance of Proteobacteria were observed in patients with 
cirrhosis and HCC. Furthermore, Haemophilus, Fusobacterium, 
Veillonella, Streptococcus, and Ruminococcus increased 
progressively with disease severity [4,5].

A reduction in gut microbial alpha diversity has 
consistently been associated with disease progression, with 
the lowest diversity reported in cirrhotic patients. Speciϐic 
bacterial species, such as Dialister succinatiphilus and Alistipes 
onderdonkii, are abundant in healthy individuals but markedly 
reduced across successive stages of CHB [6]. Additionally, 
Bi idobacterium abundance is signiϐicantly reduced in 
patients with CHB and further decreased in cirrhosis, whereas 
members of the Enterobacteriaceae family are enriched in 
advanced disease stages [7].

Data regarding the relationship between gut microbiota 
composition and the ability to control HBV viremia remain 
limited. Experimental models, however, suggest a pivotal role 
of the microbiota in antiviral immune responses. In murine 
models, the absence of gut microbiota or Toll-like receptor 
4 (TLR4) signaling impairs Kupffer cell activation, reduces 
interleukin-10 (IL-10) production, and compromises viral 
clearance [8,9]. Antibiotic-induced depletion of gut bacteria 
in adult mice results in impaired HBV clearance, associated 
with reduced CD4⁺ follicular helper T-cell–mediated support 
of germinal center B-cell differentiation [10].

Short-chain fatty acids (SCFAs), including acetate, 
propionate, and butyrate, are key microbial metabolites that 
sustain intestinal epithelial integrity and immune homeostasis 
[31].

Dysbiosis-associated reductions in butyrate-producing 
taxa—such as Alistipes, Bacteroides, Ruminococcus, and 
Anaerostipes—have been linked to increased intestinal 
permeability and hepatic inϐlammation in CHB. Notably, 
Anaerostipes abundance has been reported to be higher in 
inactive HBV carriers with normal alanine aminotransferase 
(ALT) levels compared with patients with active disease, 
supporting a link between gut microbial composition and 
hepatic inϐlammatory activity [11].

Increased intestinal permeability has been documented in 
patients with CHB. Serum levels of zonulin, a regulator of tight 
junction integrity, and copeptin have been shown to correlate 
inversely with HBV DNA levels. Elevated zonulin levels have 
been observed in HBV-infected patients with HCC compared 
with those with CHB alone, cirrhosis, or healthy controls 
[12,13]. Disruption of the intestinal barrier facilitates bacterial 
translocation and systemic inϐlammation. In patients with 
CHB and decompensated cirrhosis, increased concentrations 
of secretory immunoglobulin A (sIgA) and tumor necrosis 
factor (TNF)-α have been reported, with Enterobacteriaceae 
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Inclusion criteria were: age >18 years; HBsAg positivity; 
availability of gut microbiota analysis performed after 
informed consent; active follow-up at a referral clinical 
center; absence of signiϐicant liver ϐibrosis (F0–F1), with liver 
stiffness values between 5 and 7 kPa.

Sociodemographic, clinical, therapeutic, and microbiota-
related data of subjects meeting inclusion and exclusion 
criteria and stored in the FdS database were included in the 
analysis.

Gut microbiota analysis

Gut micorbiota analysis was performed using the 
Wellmicro® test (Wellmicro, Italy), a commercial metagenomic 
platform based on next-generation sequencing (NGS) of 
microbial DNA extracted from stool samples.

Stool samples were self-collected using a standardized 
collection kit provided by the manufacturer, which allows 
stabilization of microbial DNA at room temperature for up to 
several weeks before processing.

According to the manufacturer, the analysis is based on 
high-throughput sequencing approaches (including shotgun 
metagenomics in updated versions of the test) followed 
by proprietary bioinformatic pipelines for taxonomic 
classiϐication and functional inference.

The output includes relative abundance of microbial taxa, 
biodiversity indices (alpha and beta diversity), and composite 
indices such as the Firmicutes/Bacteroidetes ratio and 
dysbiosis index.

Due to the proprietary nature of the platform, detailed 
information regarding DNA extraction protocols, sequencing 
parameters, and bioinformatic workϐlows is not fully disclosed 
by the provider.

Study objectives

The primary objective of the study was to describe gut 
microbiota characteristics in HBsAg-positive patients.

The secondary objective was to compare gut microbiota 
features between HBsAg-positive individuals with active 
hepatitis B (active HBV) receiving antiviral therapy and those 
with inactive hepatitis B (inactive HBV) not receiving antiviral 
treatment. The deϐinition of active and inactive hepatitis B 
was based on the most recent EASL guidelines [19].

All patients were followed at dedicated hepatology referral 
centers.

The following analyses were performed:

• Descriptive analysis of baseline characteristics 
(sociodemographic variables, risk factors, and clinical 
features) of HBsAg-positive patients stratiϐied into 
active HBV and inactive HBV groups.

• Description and comparison of gut microbiota 
characteristics between active HBV and inactive HBV 
populations, including: dysbiosis index; biodiversity 
index; biodiversity parameters (number of species, 
phylogenetic diversity—PD whole tree, species 
distribution, Pielou’s evenness index); enterotype; 
Firmicutes/Bacteroides ratio; Prevotella/Bacteroides 
ratio; bacterial ecology (relative abundance of the most 
represented phyla); and presence of pathobionts.

• Evaluation of the number of subjects showing a normal 
representation of butyrate-producing symbionts, 
including Faecalibacterium prausnitzii, Roseburia 
intestinalis, Eubacterium ramulus ATCC 29099, Blautia 
wexlerae, and Alistipes spp.

• Description of the metabolic potential of the active 
HBV versus inactive HBV populations, including 
analysis of acetate, butyrate, propionate, indoleacetic 
acid (IAA), indolepropionic acid (IPA), tryptamine, 
lipopolysaccharide (LPS), secondary bile acids, and 
ethanol.

Statistical analysis

Descriptive analysis was performed using medians and 
standard deviations for continuous variables and absolute 
numbers and percentages for categorical variables. A 
retrospective descriptive statistical analysis was conducted 
to compare populations, with particular attention to baseline 
sociodemographic characteristics.

For each variable, absolute and relative frequencies were 
calculated for categorical data, while continuous variables 
were reported as mean and standard deviation or median and 
interquartile range, according to data distribution. Differences 
between groups were assessed using the chi-square test (or 
Fisher’s exact test, when appropriate) for categorical variables 
and the independent-samples t-test or Mann–Whitney U test 
for continuous variables, depending on data normality as 
assessed by the Shapiro–Wilk test.

Results
Study population

The overall study sample included 50 subjects, divided 
into two groups: 25 individuals with active hepatitis B (active 
HBV) and 25 individuals with inactive hepatitis B (inactive 
HBV). Baseline characteristics of the study population are 
summarized in Table 1.

The median age of the cohort was 72 years (IQR 55–80) 
and was comparable between the two groups (71 vs. 69 years; 
p = 0.6). Overall, 60% of the participants were female (64% 
in the active HBV group and 56% in the inactive HBV group; 
p = 0.7).

A history of breastfeeding was more frequently reported 
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among subjects with inactive HBV compared with those 
with active HBV (80% vs. 40%; RR 0.4, 95% CI 0.2–0.7; 
p = 0.008). No signiϐicant differences were observed in the 
type of delivery, which was vaginal in 52% of subjects with 
active HBV and 72% of those with inactive HBV (RR 0.4, 95% 
CI 0.1–1.3).

Alcohol consumption was similar in the two groups; most 
subjects reported abstinence from alcohol, in accordance with 

hepatoctlogist recommendations for patients with chronic 
liver disease. A lactose-free diet was followed by a minority of 
subjects (20% in the active HBV group and 25% in the inactive 
HBV group; RR 0.8, 95% CI 0.4–1.8).

Self-reported symptoms at the time of gut microbiota 
analysis differed signiϐicantly between groups. Anxiety was 
reported by 72% of subjects with active HBV compared with 
40% of those with inactive HBV (RR 2.0, 95% CI 1.3–2.9; 
p = 0.04). Depression was reported by 48% of subjects with 
active HBV and 20% of those with inactive HBV (RR 1.7, 95% 
CI 1.0–3.0; p = 0.03).

Abdominal pain and bloating were reported by 84% of 
subjects with active HBV and 48% of those with inactive HBV 
(RR 2.7, 95% CI 1.1–6.6; p = 0.01). Alternating bowel habits 
were reported by 36% of active HBV subjects compared 
with 24% of inactive HBV subjects (RR 2.2, 95% CI 1.1–4.7; 
p = 0.02). Fatigue was signiϐicantly more frequent in subjects 
with active HBV than in those with inactive HBV (76% vs. 
44%; RR 2.2, 95% CI 1.1–4.3; p = 0.04).

Cardiovascular diseases (RR 1.9, 95% CI 1.0–3.3; p = 0.04), 
diverticulosis (RR 1.4, 95% CI 2.3–4.6; p = 0.04), arthralgia (RR 
4.1, 95% CI 1.6–10.2; p = 0.0001), and thyroid disorders (RR 
0.4, 95% CI 0.1–0.9; p = 0.01) were more frequently reported 
among subjects with active HBV compared with those with 
inactive HBV.

No signiϐicant differences were observed in the use of 
proton pump inhibitors, gastroprotective agents, or non-
steroidal anti-inϐlammatory drugs. Liver ϐibrosis stage, 
assessed by the most recent available FibroScan measurement 
reported by participants, did not differ between active and 
inactive HBV groups.

All subjects with active HBV were receiving antiviral 
therapy: 48% were treated with entecavir and 52% with 
tenofovir.

Gut microbiota characteristics

In the analyzed cohort, the number of observed species—a 
direct indicator of taxonomic richness—was lower in subjects 
with active HBV compared with those with inactive HBV 
(median 81 [IQR 63–89] vs. 118 [IQR 90–110] species), 
although this difference did not reach statistical signiϐicance 
(p = 0.1).

Median phylogenetic diversity (PD whole tree) was 
signiϐicantly lower in the active HBV group compared with the 
inactive HBV group (12.7 [IQR 10.6–16.3] vs. 20.4 [IQR 13.9–
21.3]; p = 0.001). Similarly, analysis of Pielou’s evenness index 
showed signiϐicantly lower values in subjects with active HBV 
compared with those with inactive HBV (0.3 [IQR 0.6–0.8] vs. 
0.7 [IQR 0.6–0.9]; p = 0.03).

The Firmicutes/Bacteroides ratio (physiological reference 

Table 1: Baseline characteristics of the enrolled sample.

 Total HBv+ 
(N 50)

HBV-aCTIVE 
(N 25)

HBV-INACTIVE 
(N 25) RR (95%IC) p

Sex (%) 
Female 30(60) 16(64) 14(56) 1,1(0.6-2,1)

Male 20(40) 9(36) 11(44) (0.8(0.4-1.5)
Age Year 

(median IQR) 72(55-80) 71(58-80) 69(55-75) 0.6

Feeding (n%) 
maternal 30(60) 10(40) 20(80) 0.4(0.2-0.7)0.008
Formula 17(34) 14(56) 3(12) 2.4(1.4-4.1)0.002

Both 3(6) 1(4) 2(8) 1.3(0.5-3.1)
Alcohol use 

Daily n% 5(10) 3(12) 2(8) 0.9(0.7-1.3)
Montly (n%) 10(20) 5(20) 5(20) 1.2(0.5-2.6)
Weekly (n%) 3(6) 2(8) 1(4) 1.3(0.5-3.1.)

NO alcoohl 22(44) 15(60) 17(68) 0.8(0.4-1.4)
Birth     

Natural birth (n%) 31(62) 13(52) 18(72) 0.4(0.1-1.3)
Diet before visit (n%) 

Lactose free 11(22) 5(20) 6(24) 0.8(0.4-1.8)
Symptoms at MycRobiota test execution (n%) 

Anxiety     
Depression 28(56) 18(72) 10(40) 2.0(1.3-2.9)0.04

Memory disorders 17(34) 12(48) 5(20) 1.7(1.0-3.0)0.03
Sleep disorders 4(8) 22(88) 19(76) 1.6(0.6-4.2)

Dermatitis 31(62) 17(68) 14(56) 1.3(0.7-1.4)
Abdominal 

swelling/pain 5(10) 3(12) 2(8) 1.2(0.5-2.6)

Constipation 33(66) 21(84) 12(48) 2.7(1.1-6.6)0.01
Alternating bowel 

habits 21(42) 12(48) 9(36) 1.2(0.7-1.2)

Urinary infections 29(58) 19(76) 10(40) 2.2(1.1-4.7)0.02
Fatigue 15(30) 9(36) 6(24) 1.3(0.7-2.2)

 31(62) 19(76) 11(44) 2.2(1.1-4.3)0.04
Comorbidities (n%) 

Type 2 diabetes 26(52) 17(68) 9(36) 1.9(1.0-3.6
NASH 40(80) 22(88) 18(72) 1.8(0.6-4.9)

Cardiovascular dis. 22(44) 15(60) 7(28) 1.9(1.0-3.3)0.04
Diverticulosis 23(46) 17(68) 6(24) 1.4(2.3-4.6)0.04

Arthralgia 28(56) 21(84) 7(28) 4.1(1.6-
10.2)0.0001

Allergies 5(10) 2(8) 3(12) 0.7(0.2-2.3)
Thyroid disease 9(18) 14(56) 5(20) 0.4(0.1-0.9)0.01

Fibrosi (n%) 
F0(<7kps) 5(10) 2(8) 3(12) 0.7(0.2-2.3)

F 1 27(54) 12(48) 15(60) 0.7(0.4-1.3)
F2 10(20) 6(24) 4(16) 1.2(0.6-2.3)

F3-4 8(16) 5(20) 3(12) 1.6(0.7-3.3)
Drugs assumption (n%) 

PPI 45(90) 23(92) 24(96) 0.7(0.3-1.7)
FANS 11(22) 5(20) 6(24) 0.8(0.4-1.8)

Entecavir 12(24) 12(48) 0  
tenofovir 13(26) 13 (52) 0  
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range 0.3–3.2) did not differ signiϐicantly between groups. 
Median values were comparable (active HBV: 1.4 [IQR 0.9–
2.3] vs. inactive HBV: 1.3 [IQR 0.8–2.1]; p = 0.6). In contrast, 
the Prevotella/Bacteroides ratio was signiϐicantly higher in 
subjects with active HBV (1.02 [IQR 0.8–2.19]) compared with 
those with inactive HBV (0.1 [IQR 0.0–0.4]; p = 0.02) (Table 2).

Phylum-level composition and enterotypes

Enterotype analysis revealed heterogeneity across groups. 
The Bacteroides-dominated enterotype was more frequent in 
subjects with inactive HBV (9 subjects, 36%) than in those with 
active HBV (8 subjects, 32%), although this difference was not 
statistically signiϐicant (RR 1.0, 95% CI 0.6–1.9). Conversely, 
the Prevotella enterotype was signiϐicantly more frequent 
in subjects with active HBV (12 subjects, 44%) compared 
with those with inactive HBV (5 subjects, 20%) (RR 1.7, 
95% CI 1.01–3.0; p = 0.07). The Faecalibacterium enterotype 
and the “other” category, including mixed or unclassiϐiable 
enterotypes, did not differ signiϐicantly between groups.

Pathobionts (potentially opportunistic or pathogenic 
bacteria) were identiϐied in 14 subjects (56%) with active 
HBV and in 7 subjects (28%) with inactive HBV (RR 1.7, 95% 
CI 1.0–3.0; p = 0.02). In the active HBV group, Bacteroides 

fragilis (6 patients), Escherichia coli (5 patients), and Klebsiella 
pneumoniae (4 patients) were identiϐied. In the inactive HBV 
group, Bacteroides fragilis (3 patients), Candida albicans 
(2 patients), and Escherichia coli (2 patients) were detected.

At the phylum level, differences in relative abundance did 
not reach statistical signiϐicance. Mean relative abundance 
of Bacteroidetes was slightly higher in subjects with active 
HBV (38.6%, IQR 25.5–44.9) compared with inactive 
HBV subjects (33.6%, IQR 25.8–45.4; p = 0.8). Firmicutes 
abundance was comparable between groups (active HBV: 
51.2%, IQR 43.1–59.7 vs. inactive HBV: 49.6%, IQR 37.6–
59.5; p = 0.6). Actinobacteria showed slightly lower median 
values in the active HBV group (2.9%, IQR 1.6–5.6) compared 
with the inactive HBV group (3.3%, IQR 2.0–4.6; p = 0.6). 
Verrucomicrobia and Proteobacteria, although present at 
low relative abundances, did not differ signiϐicantly between 
groups (p = 0.2 and p = 0.3, respectively).

Analysis of butyrate-producing bacterial families

Butyrate-producing bacteria are considered key 
biomarkers of intestinal health. Among the most relevant 
taxa is Faecalibacterium prausnitzii (family Ruminococcaceae, 
phylum Firmicutes, class Clostridia; physiological relative 
abundance range in the applied test: 0.26–7.3%). The 
proportion of subjects with values within the normal range 
was signiϐicantly lower in the active HBV group compared 
with the inactive HBV group (32% vs. 76%; RR 0.4, 95% CI 
0.2–0.7; p = 0.004).

Similar ϐindings were observed for Roseburia intestinalis 
(physiological range 0.06–2.9%), Eubacterium ramulus ATCC 
29099 (0.01–0.56%), and Blautia wexlerae (0.8–8.41%), all 
belonging to the Lachnospiraceae family (phylum Firmicutes, 
class Clostridia). These taxa were present within the normal 
range in a signiϐicantly lower proportion of subjects with 
active HBV compared with inactive HBV subjects: 28% vs. 
72% (RR 0.3, 95% CI 0.1–0.7; p = 0.004), 32% vs. 64% (RR 0.5, 
95% CI 0.2–0.9; p = 0.04), and 36% vs. 60% (RR 0.6, 95% CI 
0.3–1.1; p = 0.05), respectively.

Several species of the genus Alistipes (family Rikenellaceae, 
phylum Bacteroidetes, class Bacteroidia) were identiϐied in the 
study population. However, a signiϐicantly higher proportion 
of subjects with inactive HBV showed values within the 
normal range compared with subjects with active HBV (68% 
vs. 24%; RR 0.3, 95% CI 0.1–0.7; p = 0.004).

Metabolic potential analysis

Compared with subjects with inactive HBV, those with 
active HBV showed a reduced production of butyrate (48% vs. 
76%; RR 0.2, 95% CI 0.08–0.9; p = 0.005), propionate (60% vs. 
84%; RR 0.5, 95% CI 0.3–0.9; p = 0.03), and acetate (80% vs. 
44%; RR 0.1, 95% CI 0.5–0.6; p = 0.01).

Conversely, a higher proportion of subjects with active HBV 

Table 2: Biodiversity indices and distribution of microbial species.

Variabiles HBV 
Active(n25)

HBV 
Inactive(n25)

RR
(95%IC)p

Observed species number 
(median IQR) 81 (63–89) 118(90–110) 0.1

Phylogenetic distance
(median IQR) 12.7 (10.6–16.3) 20.4 (13.9–21.3) 0.001

Species distribution 
(Pielou's index, median, IQR) 0.3 (0.6–0.8) 0.7 (0.6–0.9) 0.03

Firmicutes/Bacteroides ratio 
(median IQR) 1,4(0.9-2.3) 1.3(0.8-2.1) 0.6

Prevotella/Bacteroides
(median IQR) 1.02(0.8-2.3) 0.1(0.0-0.4) 0.02

Enterotypes
Enterotipo Bcateroides (n%) 9(36) 8(32) 1.0(0.6-1.9)

Enterotipo Prevotella (n%) 12(48) 5(20) 1.7(1.0-3.0)
0.07

Enterotipo Faecalibacterium(n%) 2(3) 7(28) 0.3(0.1-2.3)
Other 2(3) 5(20) 0.5(0.1-21.7)

Patients with identiϐied 
pathobionts(n%) 14(56) 7(28) 1.7(1.0-3.0)

0.02
Patients with normal range of 
Butyrate producing bacteria

Faecalibacterium prausnitzii (n%) 8(32) 19(76) 0.4(0.2-0.7)
0.004

Roseburia intestinalis 7(28) 18(72) 0.3(0.1-0.7)
0.004

Eubacterium ramulus ATCC 29099 8(32) 16(64) 0.5(0.2-0.9)
0.04

 Blautia wexlerae 9(36) 15(60) 0.6(0.3-1.1)
0.05

Alistipes species 6(24) 17(68) 0.3(0.1-0.7)
0.004

Bacteroides (%) 38.6 (25.5–44.9) 33.6 (25.8–45.4) 0.8
Firmicutes (%) 51.2 (43.1–59.7) 49.6 (37.6–59.5) 0.6

Actinobacteria (%) 2.9 (1.6–5.6) 3.3 (2.0–4.6) 0.6
Verrucomicrobia (%) 0.0 (0.0–0.6) 0.0 (0.0–1.1) 0.2
Proteobacteria (%) 3.8 (1.5–5.3) 2.6(1.0–4.1) 0.3
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exhibited excess production of secondary bile acids (76% vs. 
36%; RR 2.4, 95% CI 1.2–5.1; p = 0.009), ethanol (88% vs. 48%; 
RR 3.4, 95% CI 1.2–9.8; p = 0.005), and lipopolysaccharides 
(84% vs. 52%; RR 2.4, 95% CI 1.0–6.0; p = 0.03).

Finally, 10 (40%) and 13 (52%) subjects with active HBV, 
compared with 19 (76%) and 21 (84%) subjects with inactive 
HBV, showed insufϐicient production of indoleacetic acid 
(IAA) (RR 0.4, 95% CI 0.2–0.8; p = 0.02) and indolepropionic 
acid (IPA) (RR 0.5, 95% CI 0.3–0.8; p = 0.03), respectively 
(Figure 1).

Discussion
The role of the gut microbiota in chronic hepatitis B (CHB) 

has become increasingly relevant, not only for understanding 
disease pathogenesis but also for elucidating mechanisms 
involved in viral control and ϐibrosis progression. In the 
present study, we compared gut microbiota composition and 
functional potential in patients with active and inactive HBV 
infection, identifying distinct microbial and metabolic proϐiles 
associated with viral activity.

Patients with active HBV infection displayed a signiϐicant 
reduction in microbial diversity compared with inactive 
carriers, despite sustained virological suppression under 
antiviral therapy. Similar ϐindings have been reported in 
recent multi-omics studies, suggesting that gut dysbiosis 
persists independently of serum HBV-DNA levels and reϐlects 
a chronic inϐlammatory milieu associated with HBV-related 
liver disease [20,21]. The absence of differences in dietary 
habits between groups supports the hypothesis that host–
virus–microbiota interactions, rather than lifestyle factors, 
drive these alterations.

Phylogenetic diversity, assessed using the PD whole 
tree index, was signiϐicantly lower in patients with active 

HBV. This index captures the evolutionary and functional 
breadth of the microbial ecosystem, indicating that although 
species richness may be partially preserved, the microbiota 
in active HBV is composed of phylogenetically closer taxa 
with overlapping metabolic functions. Such a conϐiguration 
reϐlects a functionally impoverished microbiota with reduced 
resilience and adaptive capacity, which may contribute to the 
persistence of low-grade systemic inϐlammation, as previously 
described in HBV-associated dysbiosis [20].

Consistently, Pielou’s evenness index was reduced in 
active HBV patients, suggesting an uneven microbial structure 
dominated by selected taxa. Reduced evenness has been 
associated with impaired immune tolerance and increased 
susceptibility to inϐlammatory perturbations in chronic liver 
diseases [21].

While the Firmicutes/Bacteroidetes ratio remained 
within physiological ranges in both groups, the Prevotella/
Bacteroides ratio was higher in patients with active HBV. 
Prevotella-enriched microbiota proϐiles have been associated 
with pro-inϐlammatory immune responses and enhanced 
mucosal immune activation. This shift was further supported 
by enterotype analysis, showing a higher prevalence of 
Prevotella-dominated enterotypes among active HBV patients.

A signiϐicantly higher proportion of subjects with active 
HBV harbored pathobionts, including Escherichia coli, 
Klebsiella pneumoniae, and Bacteroides fragilis. Expansion of 
opportunistic taxa has been linked to impaired gut barrier 
function and increased immune activation through gut-
associated lymphoid tissue, favoring disease progression [21]. 
These ϐindings are consistent with previous observations of 
increased Enterobacteriaceae abundance in advanced liver 
disease and hepatocellular carcinoma (HCC) [22-26].

Despite comparable phylum-level composition, qualitative 
alterations in beneϐicial symbionts distinguished active from 
inactive HBV infection. In particular, active HBV patients 
showed a marked reduction in butyrate-producing bacteria, 
including Faecalibacterium prausnitzii, Roseburia intestinalis, 
Eubacterium ramulus, and Blautia wexlerae. These taxa play 
a central role in maintaining intestinal epithelial integrity, 
regulating immune tolerance, and suppressing inϐlammation 
through short-chain fatty acid (SCFA) production.

Notably, species belonging to the genus Alistipes were 
signiϐicantly reduced in active HBV patients. Alistipes spp., 
anaerobic commensals commonly detected in healthy 
individuals, have been progressively linked to liver ϐibrosis 
severity across different liver diseases [22-26]. Their reduction 
has also been observed in NAFLD and NASH, suggesting a 
common ϐibrogenic microbiota signature [27]. Alistipes spp. 
contribute to acetate and propionate production, and their 
depletion may impair SCFA availability, promoting intestinal 
permeability and hepatic inϐlammation [28].
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Figure 1: Differences in gut microbiota metabolic activity between 
subjects with active and inactive HBV infection.
Subjects with active HBV infection showed reduced production of short-
chain fatty acids, including butyrate, propionate, and acetate, compared 
with those with inactive HBV. Conversely, increased production of 
secondary bile acids, ethanol, and lipopolysaccharides was observed in 
active HBV. In addition, subjects with active HBV more frequently exhibited 
insuffi cient production of indole derivatives, including indoleacetic acid 
(IAA) and indolepropionic acid (IPA).
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Experimental evidence supports this hypothesis, as 
restoration of Alistipes abundance through probiotic 
supplementation or ϐiber-rich diets has been associated with 
increased SCFA production, improved gut barrier integrity, 
and reduced hepatic Th17 recruitment via decreased LPS 
translocation [29-31].

Functional metabolic analysis further reinforced the 
taxonomic ϐindings. Patients with active HBV exhibited 
reduced production of butyrate, propionate, and acetate, 
alongside increased production of ethanol, secondary bile 
acids, and lipopolysaccharides (LPS). Excess endogenous 
ethanol production by gut bacteria has been recently 
described in HBV-associated dysbiosis and may act as a 
cofactor accelerating liver injury [32]. Similarly, altered bile 
acid metabolism reϐlects impaired microbial transformation 
capacity and has been associated with ϐibrosis progression 
and inϐlammatory signaling.

Additionally, active HBV patients showed signiϐicantly 
reduced production of the tryptophan-derived microbial 
metabolites indole-3-acetic acid (IAA) and indole-3-propionic 
acid (IPA). These indoles exert protective effects on intestinal 
barrier integrity and modulate host immune responses 
by suppressing NF-κB signaling and endotoxin-induced 
inϐlammation. Reduced availability of IAA and IPA has been 
associated with worsened steatosis and inϐlammation in 
metabolic liver disease models [33], supporting their role as 
key mediators along the gut–liver axis.

Overall, our ϐindings deϐine a distinct dysbiotic proϐile in 
active HBV infection characterized by reduced phylogenetic 
diversity, depletion of immunoregulatory symbionts, 
expansion of pathobionts, and a metabolic shift toward pro-
inϐlammatory and hepatotoxic products. These alterations 
persist despite antiviral-induced viral suppression, suggesting 
that gut microbiota may contribute to disease pathophysiology 
rather than representing a secondary epiphenomenon.

Conclusion
This study demonstrates that active chronic hepatitis B is 

associated with a profound qualitative and functional alteration 
of the gut microbiota, independent of lifestyle factors and 
despite effective virological suppression. Dysbiosis in active 
HBV is characterized by reduced microbial diversity, loss of 
beneϐicial SCFA- and indole-producing symbionts, increased 
intestinal permeability, and expansion of pathobionts with 
enhanced endotoxin production.

This condition is not merely a consequence of liver 
disease but could also contribute to immune dysregulation. 
An altered gut microbiota compromises regulatory T-cell and 
dendritic cell homeostasis, potentially impairing immune-
mediated control of HBV replication [34,35]. Reduced 
microbial diversity and disruption of tight junction integrity 
facilitate bacterial translocation and portal inϐlux of pathogen-
associated molecular patterns, particularly LPS [34,35].

The continuous exposure of the liver to bacterial products 
overstimulates Kupffer cells and hepatic immune inϐiltrates 
through Toll-like receptor activation, amplifying non-speciϐic 
inϐlammation while paradoxically failing to achieve viral 
clearance. This immune “anarchy” promotes hepatocellular 
injury, necroinϐlammation, and ϐibrosis progression [35,36].

Fibrosis progression in HBV infection should therefore be 
interpreted as a multifactorial process driven by the synergistic 
interaction between viral persistence and microbiota-
derived inϐlammatory signals. Bacterial translocation has 
been proposed as a “second hit,” exacerbating tissue damage 
mediated by an immune system unable to distinguish between 
antiviral defense and systemic inϐlammation [37-39].

Taken together, these ϐindings support the concept 
that modulation of the gut microbiota may represent a 
complementary therapeutic strategy in chronic hepatitis B, 
aimed at restoring immune balance, reinforcing intestinal 
barrier integrity, and limiting inϐlammation-driven liver 
injury. Longitudinal and interventional studies are warranted 
to clarify whether microbiota-targeted approaches can 
improve clinical outcomes in HBV infection [40].

Given the observational nature of this study, these ϐindings 
should be interpreted as associations, and the proposed 
mechanisms remain speculative [41].
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